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Foreword

“Cirrhosis” is derived from the Greek word kirrós mean-

ing orange or tawny. Millennia ago, ancient people

including the Greeks must have been impressed by the

scarred, tawny appearance of the cirrhotic liver. They

recognized that such a diseased liver was associated with

many complications including ascites. Indeed, through-

out history, until relatively recently, the liver was judged

to be the most important organ in the body by almost all

civilizations. It was felt to be the seat of most emotions

including courage, anger, and love. In 1628, William

Harvey discovered that the heart pumped the entire

blood circulation and that arteries and veins were con-

nected by capillaries. Until then, the arterial and venous

circulations were thought to be entirely separate, and the

liver made and pumped venous blood. Thus, this discov-

ery started the process of the heart supplanting the liver

as the primary organ in laypeople’s understanding of the

body.

Cirrhosis is the end-stage process of virtually all

chronic insults to the liver. Although it was originally

defined as purely a histopathologic condition character-

ized by extensive fibrosis with architectural dis-

organization and nodular regeneration, physicians

have known for thousands of years that many other

parts of the body are affected by cirrhosis.

Any physician caring for patients with cirrhosis is

familiar with the presentation of end-stage liver failure:

the emaciated, malnourished, confused patient with

ascites, prone to bleeding, infections, renal failure, and

liver cancer. Almost all the major organ systems in the

body including the brain, heart, lungs, kidneys, gut,

adrenals, bones, muscles, blood and endocrine systems

show evidence of dysfunction in the presence of cirrho-

sis. Caring for patients with these myriad complications

of cirrhosis continues to challenge physicians in the

twenty-first century as it did thousands of years ago.

Fortunately, we now have many more ways to diagnose

and treat such complications. But, with the explosion of

knowledge about pathophysiology and molecular mech-

anisms of disease, as well as major advances in medical

and surgical therapies, such “information overload”may

be a problem.

To try to address that problem, 57 distinguished

authorities from 15 countries provide their expert prac-

tical guidance on the management of the many facets of

cirrhosis. The operative word is “practical.” Authors

provide concise but practical advice, often with algo-

rithms and illustrations, to help the busy clinician care

for the patient with cirrhosis and its complications.

The first part comprises eight chapters that expertly

summarize the ways to diagnose cirrhosis, and its patho-

physiology and prognosis. The second part consists of 20

chapters that cover all aspects of themanagement of each

complication, from the specific conditions associated

with cirrhosis that affect organs such as the brain (hepatic

encephalopathy), heart (cirrhotic cardiomyopathy),

lungs (hepatopulmonary syndrome), and kidneys (asci-

tes, acute kidney injury, hyponatremia). Symptoms and

major causes of mortality andmorbidity such as bleeding,

coagulopathy, infections, osteopenia, and pruritus are

explained in concise but practical detail. Chapters on

special considerations in children with cirrhosis, and

drug therapy and potential hepatotoxicity complete

this book.

We were privileged to work with such expert hepatol-

ogists on this text, and hope that clinicians who care for

patients with cirrhosis will find it useful.

Samuel S. Lee

Richard Moreau
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Clinical clues to the diagnosis of cirrhosis
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Introduction

Cirrhosis is a diffuse process characterized by replace-

ment of normal liver tissue by fibrosis and regenerative

nodule formation [1]. The development of cirrhosis is

usually an irreversible process. However, the reversal of

fibrosis has been shown in certain conditions like hepa-

titis C, biliary obstruction, iron overload, and non-

alcoholic steatohepatitis. Thus, cirrhosis is considered

as a dynamic process involving pro- and anti-fibrogenic

mechanisms, the former being more marked than the

latter. The term cirrhosis is a histologic diagnosis and has

its own unique constellation of clinical manifestations

such that a clinical diagnosis of cirrhosis can be made

with confidence most of the time.

The diagnosis of cirrhosis in clinical practice is based on

risk factors, history and clinical findings, biochemical

tests, imaging, endoscopic and histologic findings. The

diagnosis of cirrhosis is not based on a single clinical

parameter but a combination of above parameters and

the identification and interpretation of these findings.

This chapter focuses on the clinical clues that aid in the

diagnosis of cirrhosis.

Clinical presentation

Cirrhosis occurs clinically as compensated cirrhosis or

decompensated cirrhosis.

Compensated cirrhosis is usually diagnosed incidentally

during a routine examination or biochemical test, during

surgery for some other reason, or sometimes with non-

specific symptoms like fatigue, anorexia, dyspepsia, weight

loss, or right upper abdominal discomfort. Up to 30–40%

of patients with compensated cirrhosis remain without

clinical signs [2]. These patients decompensate at the

rate of 10% per year and have a 50% 10-year survival

rate [3].

Decompensated cirrhosis is cirrhosis complicated by one

or more of the following: jaundice, ascites (with or

without hepatorenal syndrome, hyponatremia, sponta-

neous bacterial peritonitis), hepatic encephalopathy, or

variceal bleeding. The presence of these features of

decompensation have a high specificity but low sensitiv-

ity for the diagnosis of cirrhosis. Decompensated cirrhosis

has a 50% survival rate at 18 months [3]. These clinical

manifestations are discussed subsequently.

Patient history

Abdominal distension (ascites)

Cirrhosis is the most common cause of ascites (85%) and

ascites is the most common complication of cirrhosis. Up

to 60% of patients with compensated cirrhosis develop

ascites within 10 years [3]. Clinically, patients present

with gradually progressive abdominal distension with or

without pedal edema, history of weight gain, increase in

waist size of clothing, sometimes with a decrease in urine

output, or the development of abdominal hernias as a

result of increased intra-abdominal pressure. The ascites

in cirrhosis resulting from portal hypertension is usually

responsive to diuretic therapy, hence such a history must

be sought in any patient presenting with ascites. History

of cardiac failure, renal disease, malignancy, and tuber-

culosis must be ruled out. A history of ascitic tap is a

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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strong clue to the presence of ascites, hence the nature of

fluid tapped may add further valuable information to the

diagnosis.

Jaundice

Jaundice as a clinical manifestation may be seen in

cirrhosis depending on the degree of decompensation.

Jaundice (icterus) is a clinical manifestation of hyper-

bilirubinemia and presents as yellow discoloration of the

skin and mucous membranes. It is the most obvious sign

of liver disease and is best seen in the conjunctivae.

It is usually detectable when the serum level of bili-

rubin exceeds 2mg/dL (34mmol/L). Elevation of both

unconjugated and conjugated bilirubin occurs in patients

with hepatocellular disease resulting from impaired can-

alicular excretion or biliary obstruction. Unconjugated

hyperbilirubinemia in cirrhosis is caused by either asso-

ciated hemolysis or decreased conjugating enzyme in the

endoplasmic reticulum of hepatocytes, namely bilirubin

uridine-diphosphoglucuronate glucuronosyltransferase

(UGT) or associated Gilbert’s syndrome. Serum bilirubin

levels are usually below 5mg/dL; however, values above

this may also be seen in certain patients who are in a

decompensated state. A serum bilirubin level>5mg/dL is

one of the clinical defining criteria for acute on chronic

liver failure [4]. The clinical significance of jaundice in

cirrhosis lies in assessing the decompensated state of

cirrhosis as jaundice is not specific to cirrhosis alone as

it is seen in many other liver disorders and even in

nonhepatic disorders.

Upper gastrointestinal bleeding

Gastroesophageal varices are present in approximately

50% of patients with cirrhosis. Up to 40% of patients

with Child A cirrhosis have varices which increases to

85% in Child C cirrhosis [5]. Variceal bleeding occurs at a

rate of 5–15% per year [6]. Variceal bleeding presenting

as hematemesis with or without melena is one of the

most common complications of cirrhosis with portal

hypertension. The presentation is usually a painless,

effortless bleed and may be precipitated by drugs like

nonsteroidal anti-inflammatory drugs (NSAIDs). There

may be associated melena which is passage of black tarry

stools, which are offensive, semi-solid, and difficult to

flush down the toilet. Patients may have postural hypo-

tensive symptoms such as light-headedness and fainting

episodes in cases of a significant bleed. Once a patient has

a variceal bleed, the portal pressure (i.e., hepatic venous

pressure gradient; HVPG) is usually >12mmHg [7],

because the development of varices occurs with HVPG

>10mmHg. However, variceal bleed alone is not a fea-

ture of cirrhosis; it may well be seen in noncirrhotic

portal hypertensive conditions such as extrahepatic por-

tal vein obstruction (EHPVO) or noncirrhotic portal

fibrosis (NCPF).

Hepatic encephalopathy

Hepatic encephalopathy is a neuropsychiatric syndrome

with multiple variable manifestations. It may be covert

(which includes minimal hepatic encephalopathy; MHE)

and stage I encephalopathy) or an overt (stage II–IV)

encephalopathy. Patients with MHE may present only

with cognitive dysfunction in cirrhosis. The prevalence of

MHE is 30–84% [8] and that of overt hepatic encephal-

opathy is 30–50% in cirrhotic patients [9,10]. The pre-

sentation of hepatic encephalopathy has marked

variability among patients. Drowsiness, disorientation

with reference to time, place, or person, delirium, and

confusion can occur. Disturbance in sleep develops early

with hypersomnia and altered sleep rhythm. There is

further development of apathy, somnolence, tremors,

apathy, and slowness of response. As further worsening

occurs, the patient may become aroused on noxious

stimuli or may become deeply unresponsive and coma-

tose. Seizures may occur, especially in deeper grades of

encephalopathy. Personality disturbance is another

mode of presentation in the form of irritability, euphoria,

and features of social disinhibition. Patients often present

with loss of bladder and bowel control. Intellectual dete-

rioration, memory impairment, and cognitive dys-

function also frequently occur. Constructional apraxia,

micrographia, slow slurred monotonous speech, dyspha-

sia, and perseveration can all occur.

A clinician must always look for a history of precipi-

tating factors for encephalopathy: gastrointestinal bleed,

use of diuretics, infections, hyponatremia, surgery, con-

stipation, renal failure, anemia, hypoglycemia, and, in

the absence of any precipitating event, a thorough search

should be made for the presence of spontaneous porto-

systemic shunts [11]. Any patient with hepatic encephal-

opathy must have any neurologic cause like meningitis,

stroke, intracranial bleed, chronic subdural hematoma

(especially in alcoholics) ruled out. There are various

criteria for staging of hepatic encephalopathy. One of the

most commonly used is theWest Haven criteria as shown

in Table 1.1 [12].
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Etiologic history taking

Alcohol intake: how much is significant

Fatty liver develops in up to 90% of patients who drink

more alcohol than 60 g/day [13]. Fibrosis progression

and development of cirrhosis may occur in up to 5–15%

of patients despite abstinence. Continued alcohol use

increases the risk of progression to cirrhosis in 30% of

patients [14]. The risk of developing cirrhosis increases

with the ingestion of>60–80 g/day of alcohol for 10 years

or longer in men, and >20 g/day in women. Yet, even

drinking at these levels, only 6–41% develop cirrho-

sis [15–17]. Hence, there are several other risk factors

involved in the development of alcoholic liver disease:

sex (female), drinking patterns (early age of drinking,

daily heavy drinking, episodic binge drinking), obesity,

dietary factors, non-sex-linked genetic factors, cigarette

smoking, other chronic liver disorders (hepatitis B or C,

hemochromatosis, nonalcoholic fatty liver disease;

NAFLD).

In a population-based cohort study of almost 7000

subjects in two northern Italian communities, even

among patients with very high daily alcohol intake

(>120 g/day), only 13.5% developed alcoholic liver dis-

ease (ALD). Homemade brew has variable amounts of

alcohol and associated trace metals which may cause the

development of liver disease with fewer years of

consumption.

The history of alcohol consumption should be obtained

both from the patient and family members, enquiring

about alcohol-associated illnesses like pancreatitis and

peripheral neuropathy, driving under the influence of

alcohol, and history of any withdrawal symptoms. The

amount of alcohol for reference purposes is 30mL

whisky, 360mL beer, 120mL wine – all equivalent to

10–11 g alcohol, and each of them is considered as one

unit. The CAGE questionnaire is frequently used to assess

the degree of alcohol-related problems and alcohol

dependence [18].

History of other risk factors

A history including blood transfusion, surgery, needle-

stick injuries, sexual contact, tattooing, skin piercing,

dialysis, sharing of razors or toothbrushes must be taken

to assess the risk of exposure to hepatitis B and C viruses.

Metabolic risk factors include diabetes mellitus, hyper-

tension, obesity, and dyslipidemia which must be asked

about in view of nonalcoholic steatohepatitis-related

cirrhosis. A family history of chronic liver disease may

be relevant in certain situations like Wilson’s disease,

autoimmune disorders, and even hepatitis B and C-

related cirrhosis. A history of abnormal involuntary

movements like choreoathetosis should arouse the sus-

picion of Wilson’s disease. Autoimmune disorders like

vitiligo, diabetes mellitus, thyroid disorder, pernicious

anemia, and inflammatory bowel disease are associated

with autoimmune hepatitis. A past history of biliary

obstruction and biliary surgery could give a clue to the

diagnosis of secondary biliary cirrhosis as pruritus and

fatigue may be seen in primary biliary cirrhosis. A per-

sonal history of sexual dysfunction like loss of libido, loss

of secondary sexual characteristics, breast enlargement

Table 1.1 West Haven criteria for staging of hepatic encephalopathy.

Stage Intellectual impairment Neuromuscular impairment

Stage 0 Normal Normal

Minimal hepatic encephalopathy Normal examination findings, subtle changes in

work or driving

Minor abnormalities of visual perception or on

psychometric or number tests

Stage 1 Personality changes, attention deficits, irritability,

depressed state

Tremor and incoordination

Stage 2 Changes in sleep–wake cycle, lethargy, mood and

behavioural changes, cognitive dysfunction

Asterixis, ataxic gait, speech abnormalities (slow and

slurred)

Stage 3 Somnolence, confusion, disorientation, amnesia Muscular rigidity, nystagmus, clonus, Babinski’s sign,

hyporeflexia

Stage 4 Stupor and coma Oculocephalic reflex, unresponsive to noxious stimuli

Source: Ferenci et al. 2002 [12]. Reproduced with permission of John Wiley & Sons.
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in males and amenorrhea or infertility in females are

clues to hypogonadism, often seen in cirrhosis. A history

of smoking is also important as it has been shown to have

a role in progression of chronic liver disease: hepatitis C

and alcoholic cirrhosis [19].

Examination

General examination

A patient with cirrhosis appears malnourished, with

shrunken eyes, temporal hollowing, parched lips, muddy

complexion of the face, dried skin (xerosis), and hyper-

pigmentation, with features of various nutritional defi-

ciencies. Patients have a hyperkinetic circulation. They

may also have petechiae, purpura, or ecchymotic patches

suggestive of underlying coagulopathy and thrombocy-

topenia. Fetor hepaticus is a sign of hepatocellular failure

characterized by a sweetish, slightly faecal smell of the

breath similar to freshly opened corpses of mice.

Pallor indicates anemia, whichmay bemultifactorial in

cirrhosis as a result of anemia of chronic disease, hyper-

splenism, acute or chronic blood loss, a nutritional cause,

bone marrow suppression, or an autoimmune process.

Scleral icterus is usually present in patients with decom-

pensated cirrhosis. However, all patients who are decom-

pensated do not have scleral icterus, especially those who

present with upper gastrointestinal bleed or ascites.

Patients with compensated cirrhosis are usually anicteric.

Scratch marks may be present in cholestatic liver disor-

ders. Xanthelasmas and pruritic scratch marks are a clue

to biliary cirrhosis. Xanthelasma often develops as a

painless, yellowish, soft plaque with well-defined bor-

ders, which may enlarge over the course of weeks.

Clubbing is seen in patients with cirrhosis, especially in

the setting of biliary cirrhosis, hepatopulmonary syn-

drome, or cystic fibrosis. Cyanosis may be seen in severe

degrees of hepatopulmonary syndrome. Presence of a

Kayser–Fleischer ring or sunflower cataract should

arouse suspicion for underlying Wilson’s disease as the

etiology.

Nutritional status

Malnutrition is a common complication of cirrhosis with

a prevalence of 65–90% [20]. There is severe reduction

of body fat and overall muscle mass [21]. These patients

also have various micro and macronutrient deficiencies

often manifesting clinically. Nutritional status should be

assessed in all patients. Nutritional assessment by body

mass index in cirrhotic patients with ascites is difficult as

it overestimates the true body weight in these patients.

Hence, in patients with ascites, weight correction should

be carried out by reducing 14 kg inmassive ascites, 6 kg in

moderate ascites, and 2.2 kg in minimal ascites from the

observed weight [22].

Cutaneous clues

Spider angioma

A spider angioma consists of a central arteriole with

numerous small radiating vessels from it resembling a

spider’s legs. These spider angiomas may range from a

pinhead to 0.5 cm in diameter. They are mostly seen

along the vascular territory of the superior vena cava, “V”

of the neck, chest, face, arms, hands, and back. They are

reckoned to be distributed in relation to a gradient of skin

vascular reactivity and temperature [23]. These skin

lesions blanch on pressure and if large enough can be

seen or felt to be pulsating [24]. A study showed the

prevalence of spider angiomas was 50% in patients with

alcoholic cirrhosis compared with 27% in patients with

nonalcoholic cirrhosis. Overall, up to 33% of patients

with cirrhosis have spider angiomas [25].

The number and size of vascular spider angiomas have

been found to correlate with the severity of liver dys-

function. They may disappear with improvement in liver

function or may increase in number with progression of

liver dysfunction. Sometimes they may bleed profusely.

They are mostly seen in association with alcoholic cir-

rhosis. Patients with spider angiomas have a higher

frequency of variceal bleeding (36%) than patients with-

out spider angiomas (11%). Spider angioma profile also

predicts the risk of variceal bleeding, which is greater

when there are >20 spider angiomas (50%) or multiple

atypically located spider angiomas (66%). Large spider

angiomas (>15mm) correlate with large varices and

higher risk of bleeding [26]. Other causes of spider

angiomas include viral hepatitis and under normal con-

ditions in children and adults (including pregnancy).

They are mainly caused by an increase in ratio of serum

estradiol to free testosterone inmale patients [27]. Young

age, elevated plasma vascular endothelial growth factor,

and basic fibroblast growth factor have been attributed as

significant independent predictors of spider nevi in cir-

rhotic patients [28]. For cosmetic reasons, spider angio-

mas can be treated with laser therapy [29]. Differential

diagnosis for vascular spider angiomas include cherry

6 Chapter 1



hemangiomas, insect bites, Rendu–Osler–Weber syn-

drome, angioma serpiginosum, ataxia telangiectasia,

senile angioma, disseminated essential telangiectasia,

and angiokeratomas.

Palmar erythema

Palmar erythema manifests as bright red discoloration of

the palms, mostly on hypothenar, thenar eminences, and

pulps of the fingers. Also known as liver palms, it is a less

frequent finding than vascular spider angiomas. Of

patients with cirrhosis, 23% manifest palmar eryth-

ema [30]. The soles of feet may also be affected. The

mottling blanches on pressure. Other causes also include

familial inheritance, thyrotoxicosis, pregnancy, rheuma-

toid arthritis, diabetes mellitus, gestational syphilis,

human T-cell lymphotropic virus type 1 (HTLV-1) asso-

ciated myelopathy, leukemia, chronic febrile illnesses,

and drugs (amiodarone, gemfibrozil, cholestyramine,

topiramate, and albuterol or salbutamol). Similar to

vascular spider angiomas, the pathogenesis of liver palms

lies in the hyperestrogenic state and regional differences

in the peripheral circulation of patients with

cirrhosis [31].

Dupuytren’s contracture

Dupuytren’s contracture is a flexion contracture of the

ring and little fingers brought about by thickening of the

palmar fascia of the hands. It is thought to be caused by

fibroblastic proliferation and disorderly collagen deposi-

tion. Normally, the palmar fascia consists of type I colla-

gen but in Dupuytren’s contracture this is replaced by

type III collagen which is significantly thicker than type I.

According to Wolfe et al. [32], Dupuytren’s contracture

was present in 66% of male alcoholic patients with

cirrhosis. In Nazari’s series a similar association was

found in 55% of patients with alcoholic (Laënnec’s)

cirrhosis [33].

The exact pathogenesis and causal association in cir-

rhosis is not clear. It is also seen in other conditions like

diabetes mellitus, alcoholism, repeated trauma, and phe-

nytoin therapy. Male gender, age more than 40 years,

people of northern Europe and Scandinavian descent,

and a positive family history are risk factors for Dupuyt-

ren’s contracture. The contractures are divided into three

grades (based on the joint with the greatest degree of

flexion contracture): grade I contractures of 5–30

degrees, grade II contractures of 30–60 degrees, and

grade III contractures of 60–90+ degrees [34].

Leukonychia

Leukonychia means white nails (Terry nails) and was

first described in 1954. Terry nails is a physical finding in

which fingernails and/or toenails appear white with a

characteristic ground glass appearance with a dark band

(pink or brown) at the distal tip and the absence of a

lunula. This is mainly caused by hypoalbuminemia, and

can also be seen in those with chronic kidney disease,

type 2 diabetes mellitus, congestive heart failure, or

advanced age. The pathogenesis of these nail changes

is unclear but is thought to be caused by a decrease in

vascularity and an increase in connective tissue within

the nail bed. Holzberg postulated that the vascular

changes (dilated vasculature in the dermis of the distal

band) were related to the premature aging of the nail

bed, which resulted in the abnormal appearance of the

nail [35–38].

Muehrcke’s nails

Muehrcke’s nails are paired horizontal white bands sep-

arated by normal color. The exact pathogenesis is not

known but it is believed to be caused by hypoalbumine-

mia, hence may be seen in other conditions such as

nephrotic syndrome.

Bier spots

Bier spots are small, irregularly shaped, hypopigmented

patches on the arms and legs caused by venous stasis

associated with functional damage to the small vessels of

the skin. Bier spots disappear when pressure is applied.

Raising the affected limb from a dependent position also

causes Bier spots to disappear, which is not the case in

true pigmentation disorders [39].

Paper-money skin

Paper-money skin (or “dollar-paper”markings) describes

the condition in which the upper trunk is covered with

many randomly scattered, needle-thin superficial capil-

laries. It often occurs in association with spider angiomas.

The name comes from the resemblance to the finely

chopped silk threads in American dollar bills. The condi-

tion is commonly seen in patients with alcoholic cirrhosis

and may improve with hemodialysis [40].

Hypogonadism and gynecomastia

Diminished libido and potency, loss of secondary sexual

hair, decreased frequency of shaving, gynecomastia, and

testicular atrophy are the usual features of hypogonadism
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in cirrhosis. Gynecomastia is the enlargement of the male

breast, defined as glandular breast tissue that is >4 cm in

diameter and is often tender [41]. It ismostly seen in those

with alcoholic liver disease, although spironolactoneuse is

also a common cause for this in cirrhotic patients. It is

present in up to two-thirds of patients with cirrhosis. The

prevalence of gynecomastia in cirrhotic patients in one

study was reported to be 44% [42]. Female patients with

cirrhosis may present with infertility or amenorrhea. In

cirrhosis there is a decrease in the hepatic androgen

receptors and an increase in the hepatic estrogen recep-

tors, resulting in increased estrogen: androgen ratio [43].

Hypothalamic pituitary dysfunction is also one of the

mechanisms for these features. The conjugation of steroid

hormones occurs in the liver and any failure of hormonal

metabolism may result in steroid hormonal imbalance.

Testicular atrophy is ideally measured by orchidometer;

however, in the absence of the same, small volume testes,

with loss of testicular sensation, is also anadequate clue for

atrophy.

Parotidomegaly

Parotidomegaly is usually seen in those with alcoholic

cirrhosis. It is usually caused by glandular hypertrophy

as a result of adipose infiltration or acinar hypertrophy.

Some authors also suggest a role for glandular dysfunction

[44]. In sialosis of alcoholic origin, 60% of patients with

alcoholic cirrhosis present with parotidomegaly [45], the

glandular enlargement being observed already in the pre-

cirrhotic phase in 12% of cases [46,47].

Other manifestations

Muscle cramps occur frequently in those with cirrhosis

and are characterized by severe pain, occurring in the calf

muscles, mostly during sleep or at rest, lasting for few

minutes and occurring several times a week [48]. They

occur in more than 70% of patients after diagnosis of

cirrhosis and are related to the duration of recognized

cirrhosis and the degree of liver dysfunction. The mech-

anism proposed includes reduced effective plasma vol-

ume and correlates with the presence of ascites, low

mean arterial pressure, and plasma renin activity [49].

Neurogenic, muscular origin, deficiency of calcium,mag-

nesium, and zinc have also been proposed as mecha-

nisms. Lid lag and lid retraction also occur more

frequently in cirrhotic patients than healthy individuals

with no evidence of any thyroid dysfunction. Other oral

and cutaneous manifestations include onycholysis, gin-

givitis, and candidiasis.

Abdominal examination

Abdominal veins

Portal hypertension caused by cirrhosis may result in

dilatation of periumbilical collateral veins. Blood from

the portal venous system may be shunted through the

periumbilical veins and ultimately to the anterior abdom-

inal wall veins, manifesting as caputmedusa. It involves a

prominent vein, the thoracoepigastric vein, which inter-

connects the superficial epigastric vein with the lateral

thoracic vein, which is a tributary of the axillary vein. It

therefore connects the superior vena cava (axillary vein)

with the inferior vena cava (superficial epigastric, which

drains into the femoral vein). The dilated veins appear to

radiate from the umbilicus and the flow of veins when

examined is away from the umbilicus. The presence of

visible veins alone does not indicate portal hypertension;

the distension of these veins is more important. In cases

of suspected Budd–Chiari syndrome (with inferior vena

caval involvement), the infra-umbilical vein flow is

directed upwards and there is opening up of back veins

as well.

Cruveilhier–Baumgarten murmur

A venous hum is heard in the epigastric region on

auscultation because of collateral connections between

the portal system and the periumbilical veins in portal

hypertension, seen rarely in cirrhotic patients. Congeni-

tal patency of the umbilical vein may also cause this

venous hum. These patients are associated with an

increase in spontaneous hepatic encephalopathy [50].

Examination of the liver

Liver examination should focus on the size, surface,

margin, consistency, and presence of any bruit. The liver

span is usually 10–12 cm in men and 8–11 cm in women.

A reduced liver span is a clue to the diagnosis of liver

cirrhosis. A shrunken liver is usually a feature of post-

necrotic cirrhosis while an enlarged liver indicates an

alcohol etiology, autoimmune liver disease, hemo-

chromatosis, or Budd–Chiari syndrome. The cirrhotic

liver usually has a firm consistency, irregular or nodular

surface, and irregular margins. Presence of an arterial

bruit may denote the development of hepatocellular

carcinoma, although it may also be seen in alcoholic

hepatitis or other vascular lesions of liver. A firm liver
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has a sensitivity and specificity of 73% and 81%, respec-

tively, for the diagnosis of cirrhosis [51]. The left lobe is

often enlarged in cirrhosis and is a useful sign, with a

sensitivity and specificity of 86% and 67% [52].

Examination of the spleen

Splenomegaly indicates portal hypertension and is a val-

uable sign in a suspected case of cirrhosis, especially if

there are other features suggestive of cirrhosis; however, it

may be enlarged in other conditions. The spleen is usually

mild to moderately enlarged in cirrhosis. An unduly

massive spleen should make the physician suspect coex-

isting portal or splenic vein thrombosis or noncirrhotic

portal hypertension. Presence of splenomegaly has a very

high specificity (90%) but low sensitivity (34%) [51].

There are three methods of percussion of the spleen:

Nixon’s method, Castell’s method, and percussion of the

Traube’s space. Percussion of Traube’s space has a sensi-

tivity and specificity of 67% and 75%, respectively, for

detecting splenomegaly [53]. Patients presenting with

upper gastrointestinal bleed and splenomegaly usually

indicates a diagnosis of portal hypertension and evidence

of one of the features of cirrhosis may form a clue to

cirrhosis. Splenomegaly is almost universal in NCPF and

the average spleen is about 8 cm. In comparison to

EHPVO, the spleen is usually >7 cm below costal margin

in NCPF and <7 cm in EHPVO [54]. The splenomegaly

in EHPVO is mild (5 cm) in 42% of patients, moderate

(6–10 cm) in 40%, and massive in only 18% [55].

Examination for ascites

Jugular venous pressure can help in differentiating

between cardiac ascites and hepatic ascites as it is com-

monly raised in cardiac but not in liver disease. Lack of

rise in jugular venous pressure (negative hepatojugular

reflux) can be a useful clue in cases of Budd–Chiari

syndrome [56]. The hepatojugular reflux has a reported

sensitivity of 24–72% and a specificity of 93–96% as a

marker of right heart dysfunction [57]. The clinical

finding of ascites by means of shifting dullness has a

sensitivity of 83% and a specificity of 56% [58]. In cases

where the shifting dullness is absent, the patient has a

<10% chance of having ascites. The amount of ascites

required for detection by various methods includes

30mL for ultrasonography, 1500–2000mL for shifting

dullness. However, in the setting of a tense ascites,

shifting dullness may not be apparent. A puddle sign

detects up to 120mL of free fluid [58]. Development of

ascites also correlates with the degree of portal pressures

such that with an HVPG of >8mmHg, patients start

developing ascites.

Neurologic examination

Asterixis, or flapping tremors, is the most characteristic

neurologic abnormality detected on clinical examination

in patients with overt hepatic encephalopathy. The

patient’s arms are outstretched, with forearms fixed

and hyperextension at the wrist joint. The physician

observes a rapid flexion–extension movement at the

metacarpophalangeal joint, and wrist joint. Sometimes,

arms, neck, jaw, protruded tongue, retracted mouth, and

tightly closed eyelids are involved and the gait is ataxic.

Absent at rest, less marked onmovement, andmaximum

on sustained posture, the tremor is usually bilateral.

Alternatively, asterixis can be evaluated having the

patient grip the evaluator’s fingers in steady fashion

and is present if the patient’s grip tension oscillates.

Asterixis can be graded: grade 0 (no flapping motions),

grade I (rare flappingmotions, 1–2 per 30 seconds), grade

II (occasional, irregular flaps, 3–4 per 30 seconds), grade

III (frequent flaps, 5–30 per 30 seconds), and grade IV

(almost continuous flapping motions) [59]. It may be

seen in certain other conditions such as cardiac failure,

respiratory failure, and uremia. There is no ideal test for

the diagnosis of MHE. However, the Working Party

recommends that the diagnosis of MHE requires a nor-

mal mental status examination and impairment in the

performance of at least two of the following tests: Num-

ber Connection Test, Part A (NCT-A), Number Connec-

tion Test, Part B (NCT-B), block design test (BDT), and

digit symbol test (DST) [11]. There are various neuro-

psychologic, neurophysiologic, and computerized tests

that can be used for making the diagnosis of MHE.

The patient may have hypertonia in the initial stages

and hypotonia as coma supervenes, exaggerated deep

tendon reflexes or areflexia (in deep coma), flexor or

extensor plantar response. In cases of hypertonia, ankle

clonus must be checked. The gait is often ataxic. Patients

with Wilson’s disease may have extrapyramidal features

like chorea, athetosis, dystonia, rigidity, dysphonia, dys-

arthria, and dysphagia.

A recent study analyzed the diagnostic accuracy of

overall clinical impression and combination indices and

models for detection of cirrhosis. The sensitivity and spec-

ificity of the overall clinical impression for the diagnosis of

cirrhosis are 54% and 89%, respectively [51].

Clinical clues to the diagnosis of cirrhosis 9



Thus, cirrhosis can be diagnosed by a combination of

history and clinical examination. This diagnosis has to be

confirmed by imaging or endoscopy. Its presence indi-

cates a close observation on follow-up for development

of hepatocellular carcinoma.

References

1 Anthony PP, Ishak KG, Nayak NC, Poulsen HE, Scheuer PJ,

Sobin LH. The morphology of cirrhosis: definition, nomen-

clature and classification. Bull World Health Org

1977;55:521–40.

2 Conn HO, Atterbury CE. Cirrhosis. In: Schiff L, Schiff ER

(eds) Diseases of the Liver, 6th edn. Philadelphia: JB Lippin-

cott; 1987. pp. 725–864.

3 Gines P, Quintero E, Arroyo V, et al. Compensated cirrhosis:

natural history and prognostic factors. Hepatology

1987;7:122–8.

4 Sarin SK, Kumar A, Almeida JA, et al. Acute on chronic liver

failure: consensus recommendations of the Asian Pacific

association for the study of the liver (APASL). Hepatol Int

2009;3:269–82.

5 Pagliaro L, D’Amico G, Pasta L, et al. Portal hypertension in

cirrhosis: Natural history. In: Bosch J, Groszmann RJ (eds)

Portal Hypertension: Pathophysiology and Treatment.

Oxford, UK: Blackwell Scientific; 1994. pp. 72–92.

6 North Italian Endoscopic Club for the Study and Treatment of

Esophageal Varices. Prediction of the first variceal hemor-

rhage in patients with cirrhosis of the liver and esophageal

varices: a prospective multicenter study. N Engl J Med

1988;319:983–9.

7 Maruyama H, Sanyal AJ. Portal hypertension: non-surgical

and surgicalmanagement. In: Schiff ER (ed.) Schiff’s Diseases

of the Liver, 11th edn. Blackwell Publishing: Oxford, 2012.

pp. 326–61.

8 Das A, Dhiman RK, Saraswat VA, Naik SR. Prevalence and

natural history of subclinical hepatic encephalopathy in

cirrhosis. J Gastroenterol Hepatol 2001;16:531–5.

9 Amodio P, Del Piccolo F, Petteno E, et al. Prevalence and

prognostic value of quantified electroencephalogram (EEG)

alterations in cirrhotic patients. J Hepatol 2001;35:37–45.

10 Quero JC, Schalm SW. Subclinical hepatic encephalopathy.

Semin Liver Dis 1996;16:321–8.

11 Watanabe A. Portal-systemic encephalopathy in non-cir-

rhotic patients: classification of clinical types, diagnosis and

treatment. J Gastroenterol Hepatol 2000;15:969–79.

12 Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenborn K,

Blei AT. Hepatic encephalopathy – definition, nomenclature,

diagnosis, and quantification: final report of the working

party at the 11th World Congresses of Gastroenterology,

Vienna, 1998. Hepatology 2002;35:716–21.

13 Crabb DW. Pathogenesis of alcoholic liver disease: newer

mechanisms of injury. Keio J Med 1999;48:184–8.

14 Leevy CM. Fatty liver: a study of 270 patients with biopsy

proven fatty liver and review of the literature. Medicine

(Baltimore) 1962;41:249–76.

15 Mandayam S, Jamal MM, Morgan TR. Epidemiology of

alcoholic liver disease. Semin Liver Dis 2004;24:217–32.

16 Bellentani S, Saccoccio G, Costa G, et al. Drinking habits as

cofactors of risk for alcohol induced liver damage. The

Dionysos Study Group. Gut 1997;41:845–50.

17 Day CP. Who gets alcoholic liver disease: nature or nurture?

J R Coll Physicians Lond 2000;34:557–62.

18 Ewing JA. Detecting alcoholism: the CAGE questionnaire.

JAMA 1984;252:1905–7.

19 Klatsky AL, Armstrong MA. Alcohol, smoking, coffee, and

cirrhosis. Am J Epidemiol 1992;136:1248–57.

20 O’Brien A, Williams R. Nutrition in end-stage liver disease:

principles and practice. Gastroenterology 2008;134:1729–40.

21 Periyalwar P, Dasarathy S. Malnutrition in cirrhosis: contri-

bution and consequences of sarcopenia on metabolic and

clinical responses. Clin Liver Dis 2012;16:95–131.

22 Mendenhall CI. Protein calorie malnutrition in alcoholic liver

disease. In: Watson RR, Watzl B (eds) Nutrition and Alcohol.

Boca Raton: CRC Press; 1992. pp. 403–28.

23 Reuben A. Along came a spider. Hepatology 2002;35:735–6.

24 Requena L, Sangueza OP. Cutaneous vascular anomalies Part

I, hamartomas, malformation and dilation of pre existing

vessels. J Am Acad Dermatol 1997;37:523–49.

25 Khasnis A, Gokula RM. Spider nevus. J Postgrad Med

2002;48:307–9.

26 Foutch PG, Sullivan JA, Gaines JA, Sanowski RA. Cutaneous

vascular spiders in cirrhotic patients: correlation with hem-

orrhage from esophageal varices. Am J Gastroenterol

1988;83:723–6.

27 Li CP, Lee FY, Hwang SJ, et al. Spider angiomas in patients

with liver cirrhosis: role of alcoholism and impaired liver

function. Scand J Gastroenterol 1999;34:520–3.

28 Li CP, Lee FY, Hwang SJ, et al. Spider angiomas in patients

with liver cirrhosis: role of vascular endothelial growth factor

and basic fibroblast growth factor. World J Gastroenterol

2003;9:2832–5.

29 Scheepers JH, Quaba AA. Treatment of nevi aranei with the

pulsed tunable dye laser at 585 nm. J Pediatr Surg

1995;30:101–4.

30 Serrao R, Zirwas M, English JC. Palmar erythema. Am J Clin

Dermatol 2007;8:347–56.

31 Okumura H, Aramaki T, Katsuta Y, et al. Regional differences

in peripheral circulation between upper and lower extremity

in patients with cirrhosis. Scand J Gastroenterol

1990;25:883–9.

32 Wolfe SJ. Summerskill WHJ, Davidson CS. Thickening and

contraction of the palmar fascia (Dupuytren’s contracture)

associated with alcoholism and hepatic cirrhosis. N Engl J

Med 1956;255:559–63.

33 Nazari B. Dupuytren’s contracture associated with liver dis-

ease. J Mount Sinai Hosp NY 1966;33:69–72.

10 Chapter 1



34 Luck JV. Dupuytren’s contracture: a new concept of the

pathogenesis correlated with surgical management. J Bone

Joint Surg Am 1959;41:635–64.

35 Terry R. White nails in hepatic cirrhosis. Lancet

1954;266:757–9.

36 Holzberg M, Walker HK. Terry’s nails: revised definition and

new correlations. Lancet 1984;1:896–9.

37 Nabai H. Nail changes before and after heart transplantation:

personal observation by a physician. Cutis 1998;61:31–2.

38 Jemec GB, Kollerup G, Jensen LB, Mogensen S. Nail abnor-

malities in nondermatologic patients: prevalence and possible

role as diagnostic aids. J Am Acad Dermatol 1995;32:977–81.

39 Peyrot I, Boulinguez S, Sparsa A, Le Meur Y, Bonnetblanc

JM, Bedane C. Bier’s white spots associatedwith scleroderma

renal crisis. Clin Exp Dermatol 2007;32:165–7.

40 Satoh T, Yokozeki H, Nishioka K. Vascular spiders and paper

money skin improved by hemodialysis. Dermatology

2002;205:73–4.

41 Bhasin S, Jameson JL. Disorders of the testes and male

reproductive system. In: Fauci AS (ed.) Harrison’s Principles

of Internal Medicine, 17th edn. McGraw Hill: New York,

2008: pp. 2310–23.

42 Cavanaugh J, Niewoehner CB, Nuttall FQ. Gynecomastia

and cirrhosis of the liver. Arch Intern Med 1990;150:563–5.

43 BraunsteinGD.Gynecomastia.N Engl JMed1993;328:490–5.

44 Carda C, Gomez DE, Ferraris ME, Arriaga A, Carranza M,

Peydró A. alcoholic parotid sialosis: a structural and ultra-

structural study. Med Oral 2004;9:24–32.

45 Borsanyi SJ. Chronic asymptomatic enlargement of the

parotid glands. Ann Otol (St. Luis) 1962;71:857–67.

46 Tirapelli LF, Tirapelli DPC, Schimming BC. Ultrastructural

alterations of the parotid glands of rats (Rattus norvegicus)

submitted to experimental chronic alcoholism. Rev Chil Anat

2001;19:175–82.

47 Wolfe SJ, Summerskill WHJ, Davidson C. Parotid swelling,

alcoholism and cirrhosis. N Engl J Med 1957;256:491–9.

48 Konikoff F, Theodor E. Painful muscle cramps: a symptom of

liver cirrhosis? J Clin Gastroenterol 1986;8:669–72.

49 Angeli P, Albino G, Carraro P, et al. Cirrhosis and muscle

cramps: evidence of a causal relationship. Hepatology

1996;23:264–73.

50 Lam KC, Juttner HU, Reynolds TB. Spontaneous portosys-

temic shunt: relationship to spontaneous encephalopathy

and gastrointestinal hemorrhage. Dig Dis Sci 1981;26:

346–52.

51 Udell JA, Wang CS, Tinmouth J, et al. Does this patient with

liver disease have cirrhosis? JAMA 2012;307:832–42.

52 McCormick PA, Nolan N. Palpable epigastric liver as a physi-

cal sign of cirrhosis: a prospective study. Eur J Gastroenterol

Hepatol 2004;16:1331–4.

53 Dubey S, Swaroop A, Jain R, Verma K, Garg P, Agarwal S.

Percussion of Traube’s space: a useful index of splenic

enlargement. J Assoc Physicians India 2000;48:326–8.

54 Dilawari JB, Ganguly S, Chawla Y. Noncirrhotic portal fibro-

sis. Indian J Gastroenterol 1992;11:31–6.

55 Dilawari JB, Chawla YK. Extrahepatic portal venous obstruc-

tion. Gut 1988;29:554–5.

56 Menon KVN, Shah V, Kamath PS. The Budd Chiari syn-

drome. N Engl J Med 2004;350:578–85.

57 Ewy G. The abdominojugular test: technique and hemo-

dynamic correlates. Ann Intern Med 1988;109:456–60.

58 Cattau EL Jr, Benjamin SB, Knuff TE, Castell DO. The

accuracy of the physical exam in the diagnosis of suspected

ascites. JAMA 1982;247:1164–6.

59 Conn HO. Quantifying the severity of hepatic encephalop-

athy. In: Conn H, Bircher J (eds) Hepatic Encephalopathy:

Syndromes and Treatment. Bloomington: Medi-Ed Press;

1994. pp. 13–26.

Clinical clues to the diagnosis of cirrhosis 11



CHAPTER 2

Diagnostic laboratory tests
Ying-Ying Yang and Han-Chieh Lin
Department of Medical Education, Taipei Veterans General Hospital and National Yang-Ming University School of Medicine, Taipei, Taiwan

Introduction

There is no single biomarker for liver cirrhosis, but its

existence can be suggested by some laboratory abnor-

malities. We would initiate a series of biochemical inves-

tigations for patients in whom clinical symptoms of

chronic liver disease are noted or the characteristics of

liver cirrhosis are identified by physical examination.

Liver function tests commonly includes tests to detect

hepatic injury (aminotransferases, alkaline phosphatase,

and gamma-glutamyl transpeptidase), tests assessing

hepatic metabolism (serum bilirubin and ammonia),

and tests assessing hepatic biosynthetic function (albu-

min and prothrombin time). In addition, the magnitude

of the abnormalities in blood cell counts, serum bioche-

mistries, and other tests may suggest the severity and

etiology of liver cirrhosis.

Tests that detects hepatic injury
(Table 2.1)

Serum aminotransferases

Alanine aminotransferase (ALT) and aspartate amino-

transferase (AST) are hepatic enzymes that are involved

in amino acid metabolism. However, high levels of AST

are also found in the myocardium, kidneys, pancreas,

skeletal muscle, red blood cells, and other tissues. In

these circumstances, ALT is considered to be a specific

and cost-effective screening test for hepatic injury but

this test has limits when predicting the degree of hepatic

inflammation and the severity of liver fibrosis [1,2]. ALT

mainly exists in the cytosol of hepatocytes, whereas AST

is mainly found in the mitochondria. Both of them are

released into the bloodstream when hepatocytes are

injured or die. However, normal aminotransferase levels

do not preclude a diagnosis of liver cirrhosis [3].

Several studies have investigated AST : ALT ratios to

correlate these with the severity of hepatic fibrosis. The

ratio is about 0.8 in a healthy subject. In patients with

alcoholic hepatitis, the AST :ALT ratio is often greater

than 2 [4], whereas patients with most forms of non-

alcoholic hepatitis have a ratio of less than 1. However, as

the chronic hepatitis progresses to cirrhosis, the ratio of

AST :ALTmay reverse, with a ratio greater than 1 having

a specificity of more than 80% for liver cirrhosis and a

sensitivity that varies from 32% to 83% [5–8]. This

suggests that we need to check for the presence of

cirrhosis in patients with nonalcoholic liver disease

when the AST : ALT ratio rises above 1. Bonacini

et al. [9] concluded that the modified three-parameter

cirrhosis discriminate score (CDS), which is derived from

three laboratory parameters –platelet count, AST :ALT

ratio, and prothrombin time (PT) – has a high likelihood

of detecting liver cirrhosis, with a sensitivity of 46%and a

specificity of 98% when the value is 8 or above (possible

total score 0∼11) [6,10]. Nevertheless, two other studies

have failed to confirm the predictive value of the AST :

ALT ratio for liver cirrhosis [11,12]. Therefore, the clini-

cal utility of this ratio needs further investigation and its

usefulness still remains uncertain for the diagnosis of

liver cirrhosis.

Serum biliary enzymes

Alkaline phosphatase (ALK-P) is present in the bile

canaliculi membrane of hepatocytes. It is often mildly

elevated, but less than the two or three times the upper

normal limit seen in liver cirrhosis. In patients with

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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primary biliary cirrhosis (PBC) and primary sclerosing

cholangitis (PSC), the serum level of ALK-P is higher

than patients with other etiologies of liver cirrhosis.

However, ALK-P is not only present in the hepatobiliary

system, but also in the intestine, bone, kidneys, and

placenta. Thus, ALK-P is likely to be less specific for liver

disease. Although gamma-glutamyl transpeptidase

(GGT) is also present in many other tissues, such as

pancreas, kidneys, heart, and lung, it is considered to

be more closely correlated to liver disease [13]. In

patients with alcoholic hepatitis or alcoholic liver cirrho-

sis, the serum level of GGT will be much higher than

those having liver cirrhosis due to other etiologies.

Tests of hepatic metabolism
(Table 2.1)

Serum bilirubin

Serum bilirubin levels may be normal in patients with

well-compensated liver cirrhosis. It becomes raised later

than ALK-P and GGT as the severity of liver cirrhosis

progresses. The hyperbilirubinemia in decompensated

liver cirrhosis is related to persist cholestasis, hepato-

cellular dysfunction, and decreased renal excretory func-

tion. As one of the parameters in Child–Pugh–Turcotte

score, the serum total bilirubin level is also an important

predictor of survival in cirrhotic patients. In particular, in

patients with PBC, an elevated serum bilirubin level

suggests a poor prognosis [14].

Serum ammonia

Ammonia is produced by enterocytes from glutamine

and by colonic bacterial catabolism of nitrogenous sour-

ces, such as ingested protein and secreted urea. The intact

liver will convert nearly all ammonia to urea or gluta-

mine via the urea cycle. Elevation of blood ammonia is a

common feature in patients with liver cirrhosis. Hepatic

dysfunction, shunting of blood around the liver, and

muscle wasting, is a common characteristic of these

patients and decreases the extrahepatic removal of

ammonia. Patients with hepatic encephalopathy often

have hyperammonemia. Treatments that lower plasma

ammonia will improve the clinical status of encephalop-

athy. However, cerebral ammonia metabolism is not the

only causal factor that is related to the development of

hepatic encephalopathy [15]. Blood ammonia is not

required to make a diagnosis of hepatic encephalopathy

and neither does it indicate during long-term follow-up.

Furthermore, there are many nonhepatic conditions,

such as infection or intestinal bleeding, that can elevate

a patient’s blood ammonia level. It is important to be

aware of these possible precipitating factors when treat-

ing hepatic encephalopathy in cirrhotic patients.

Indocyanine green and bromsulphalein

tests

These two dye tests have been used to quantify the

excretory capacity of the liver. They assess reserved

hepatic function during advanced liver disease, particu-

larly among patients who will undergo resection of the

Table 2.1 Normal range of parameters that detect hepatic injury and metabolism.

Hepatic injury Hepatic metabolism

Parameter Normal range Parameter Normal range

SI units Usual units SI units Usual units

Serum ALT Female: 0.15–0.75 μkat/L

Male: 0.15–1.1 μkat/L

3–55U/L Serum bilirubin 1.7–17 μmol/L 0.1–1mg/dL

Serum AST Female: 0.25–0.6 μkat/L

Male: 0.25–0.75 μkat/L

12–48U/L Serum amonia 17–60 μg/dL 10–35 μmol/L

Serum ALK-P 0.6–1.8 μkat/L 80–280U/L ICG test Retention at 15min <8%

(3.5–10.6%)

Serum GGT Female: 0–0.63 μkat/L

Male: 0–0.92 μkat/L

Female: <55U/L

Male: <90U/L

BSP test Retention at 45min <3.5%

ALK-P, alkaline phosphate; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BSP, bromsulphalein; GGT, gamma-glutamyl

transferpeptidase; ICG, indocyanine green.
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liver. The bromsulphalein (BSP) test is seldom performed

now because of the possibility of an anaphylactic

reaction. The indocyanine green (ICG) test is able to

provide a good prediction of hepatic blood flow in

healthy adults, but gives low readings in patients with

liver cirrhosis, who show amarked decrease in extraction

of ICG [16].

Tests of hepatic biosynthetic
function (Table 2.2)

Serum albumin

Albumin is exclusively synthesized in the liver with

approximately 15 g produced per day (200mg/kg of

body weight per day). Hypoalbuminemia that is a con-

sequence of decreased production often reflects severe

liver damage, such as liver cirrhosis [17]. Thus, a lower

serum albumin level is indicative of more severe liver

cirrhosis. As one of the parameters in the Child–Pugh

score, just like bilirubin, the serum albumin level also

suggests the survival probability in patients with liver

cirrhosis. However, cirrhotic patients with massive asci-

tes may have hypoalbuminemia but still have adequate

hepatic synthetic function because of hypervolemic dilu-

tion via a remarkable increase in plasma volume [18]. On

the other hand, hypoalbuminemia is not specific for liver

disease; it could be caused by nephrotic syndrome, pro-

tein losing enteropathy, malnutrition, congestive heart

failure, severe sepsis, and various other diseases. There-

fore it is necessary to exclude these nonhepatic etiologies

before evaluating the severity or prognosis of liver

cirrhosis using the patient’s serum albumin level.

Prothrombin time and international

normalized ratio

Liver synthesizes most of the blood coagulating proteins.

These include eight coagulating factors, factor I (fibrino-

gen), factor II (prothrombin), factor V, factor VII, factor

IX, factor X, factor XII, and factor XIII, as well as three

anti-thrombotic agents, anti-thrombin III, protein C, and

protein S. Among them, synthesis of factors II, VII, IX,

and X is dependent on the presence of vitamin K. The

reduced ability of a cirrhotic liver to synthesize these

coagulating factors will result in a longer PT. However, a

prolonged PT is not specific for liver disease only. It also

may be caused by increased consumption of coagulating

factors (such as disseminated intravascular coagulation,

severe sepsis, or severe bleeding), congenital or acquired

coagulopathy, and side effects of certain drugs (e.g., flo-

moxef, cefmetazole). After excluding these conditions,

there are two common causes of prolonged PT: vitamin

K deficiency and severe liver dysfunction such as liver

cirrhosis. The vitamin K deficiency-related PT prolonga-

tion is caused by malnutrition, prolonged obstructive

jaundice, and so on, and can be normalized within 24

hours after a single parenteral administrationof vitaminK.

This typically good response of vitamin K deficiency-

related PT prolongation could help us differentiate that

from severe hepatic dysfunction-related PT prolongation.

Severe hepatic dysfunction-related PT prolongation arises

from poor utility of vitamin K and cannot be corrected by

exogenous vitamin K administration.

The PT can help to predict survival probability in

patients with liver cirrhosis when used as a parameter

of Child–Pugh score andmodel for end-stage liver disease

(MELD) score. In patients with fulminant hepatic failure,

Table 2.2 Normal range of parameters that detect hepatic biosynthetic function, coagulating factors, cell counts and others.

Hepatic biosynthetic function Cell counts and others

Parameter Normal range in SI units Parameter Normal range in SI units

Serum albumin 3.5–5.0 g/dL (usual units: 540–740 μmol/L) Serum platelet count 15–45× 1010/L

Serum PT 8.3–10.8 seconds, INR: 0.9–1.2 Serum WBC count 4500–11 000× 106/L

Serum factor VIII 50–200% of normal (control sample) activity Serum hemoglobin Male: 2.02–2.79mmol/L

Female: 1.86–2.48mmol/L

Serum factor V 70–130% of normal (control sample) activity Serum globulin levels 23–35g/L

Serum factor VII 60–140% of normal (control sample) activity Serum sodium concentration 135–145mmol/L

INR, international normalized ratio; PT, prothrombin time; WBC, white blood cells.
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a PT of more than 100 seconds indicates high priority for

a liver transplantation [19]. Croquet et al. [19] have

found that the PT is well correlated with histologic liver

fibrosis score and has a high diagnostic accuracy for

severe fibrosis or cirrhosis, especially in alcoholic liver

cirrhosis.

Nevertheless, the PT cannot completely represent the

whole picture of the coagulating status of the patient

with liver cirrhosis [21]. The occurrence of bleeding will

be inferred by the decreased levels of protein C, protein S,

and anti-thrombin III, which favors thrombosis and a

possibly superimposed infection or other conditions

[22].

The international normalized ratio (INR) is adopted in

theMELD score, which is used to prioritize patients in the

waiting list for liver transplant [23]. Utilization of INR in

patients with liver disease has the shortcoming that it will

vary wildly because of the different types of thrombo-

plastin used in this test [24,25]. Subsequently, it will

influence the MELD score. As a result, several studies

have tried to develop a standard form, such as “INR liver”

to avoid this kind of variation [24]. However, it is still

uncertain whether thewidely implementation of the INR

liver for the calculation of the MELD score is essential for

all cirrhotic patients [25].

Individual serum coagulating factor

levels

Factor VIII

Factor VIII is an endothelium-derived pro-coagulant

factor that is increased in liver cirrhosis [26]. In cirrhotic

patients, serum levels of factor VIII may help to distin-

guish whether disease is superimposed with dissemi-

nated intravascular coagulation (DIC). The serum level

of factor VIII is increased in cirrhotic patients without

DIC. By contrast, serum levels of factor VIII are signifi-

cantly decreased in cirrhotic patients with DIC.

Factors V and VII

Synthesis of coagulation factors II, VII, IX, and X in liver is

dependent on the availability of hepatic vitamin K. In

patients with cirrhosis, a simultaneous decrease in factors

V and VII is a consequence of liver dysfunction. A greater

decrease in serum factor VII level than serum factor V

level indicates deficiency of hepatic vitamin K.

Cell counts and other biochemistry
(Table 2.2)

Thrombocytopenia

Reduction in the circulating platelet count is commonly

found in patients with liver cirrhosis. The mechanisms of

thrombocytopenia in cirrhosis include a reduced forma-

tion of thrombopoietin (TPO) [27], sequestration by the

portal hypertension-related enlarged and congestive

spleen, bone marrow suppression, and autoantibody-

induced destruction of platelets [28]. Among these,

splenic sequestration may be the main reason that an

enlarged spleen could temporarily hold up to 90% of the

circulating platelets. However, unless superimposed with

other conditions, such as DIC, splenic sequestration sel-

dom leads to severe thrombocytopenia (platelet count

�50 000/mL) [13].

Furthermore, the platelet count will also influence

thrombin generation in patients with liver cirrhosis,

which will affect coagulation [29]. A platelet count of

more than 50 000/mm3 is related to adequate thrombin

production, while a count of 100 000/mm3 is associated

with optimal thrombin production [29]. A platelet trans-

fusion should be given to cirrhotic patients with throm-

bocytopenia if they are bleeding or before undergoing an

invasive procedure or surgery.

Neutropenia

Neutropenia is often noted in patients with liver cirrho-

sis. It is usually related to splenic margination caused by

hypersplenism.

Anemia

The anemia in liver cirrhosis might result from multiple

causes. Microcytic anemia may be due to iron deficiency

related to gastrointestinal bleeding (e.g., via gastric antral

vascular ectasia). Normocytic anemia may be associated

with anemia of chronic inflammation, and macrocytic

anemia may arise from alcoholic toxicity that suppresses

the bone marrow.

Globulins

Remarkably elevated serum IgG may suggest the associ-

ation with autoimmune hepatitis. In cirrhotic patients,

increased serum IgM levels may be present in more than

90% of patients with PBC [30]. Triger and Wright [31]
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suggested that shunting of intestinal bacterial antigens in

the portal venous blood to lymphoid tissues would

induce the plasma cells leading to increased serum

globulins.

Hyponatremia

Hyponatremia in liver cirrhosis mainly arises from more

water retention than sodium via the kidneys due to

increased activity of antidiuretic hormone [32]. The

severity of hyponatremia is positively correlated with

the severity of liver cirrhosis [33]. Relatively poor prog-

nosis is noted in cirrhotic patients with serum sodium

concentrations of less than 130 mEq/L [32]. Further-

more, values of less than 125 mEq/L usually suggest the

impending occurrence of hepatorenal syndrome. Hypo-

natremia is also an important predictor for the mortality

of cirrhotic patients. Ruf et al. [34,35] reported that the

addition of serum sodium levels into the MELD score

predicts waiting list mortality better than MELD alone.

Accuracy of routine laboratory

investigations (Table 2.3)

The presence of thrombocytopenia was the single most

useful laboratory investigation and performed similarly

to the presence of ascites for identifying cirrhosis. A

platelet count threshold of less than 160× 103/μL had

the highest diagnostic accuracy, with narrow confidence

intervals despite statistical heterogeneity (positive like-

lihood ratio (LR), 6.3; 95% confidence interval (CI)

4.3–8.3; negative LR 0.29; 95% CI 0.20–0.39). A pro-

longed PT or INR (LR 5.0; 95% CI 3.2–6.9), or a serum

albumin less than 3.5 g/dL (LR 4.4; 95%CI 1.5–7.3) were

the other findings evaluated in several studies with a

summary positive LR of more than 4.0 (Table 2.3). An

increased ALT or bilirubin was not useful because their

confidence intervals included unity. No other single

laboratory finding had a negative LR that was substan-

tially lower (range of negative LR 0.28–1.3) than the

platelet count at a threshold of 160× 103/μL.

Combination indices or models for
detecting cirrhosis (Table 2.4)

The AST :ALT ratio and the AST : platelet ratio index

(APRI; Table 2.4) have been themost extensively studied

indices and are the easiest to calculate. An AST : ALT ratio

higher than 1 increases the likelihood of cirrhosis (LR 4.6;

95% CI 2.6–6.5) as does an APRI higher than 29 (LR 4.6;

95% CI 3.2–6.0).

The Bonacini cirrhosis discriminant score (CDS) com-

bines the ALT :AST ratio with the platelet count and INR

into a discriminant function with possible total values

between 0 and 11; higher values increase the likelihood

of cirrhosis. A Bonacini CDS higher than 7 was the most

frequently studied threshold (LR 9.4; 95% CI 2.6–37). A

Bonacini CDS of less than 3 makes cirrhosis less likely

(negative LR 0.30; 95% CI 0.18–0.50).

Table 2.3 Diagnostic accuracy of various diagnostic laboratory tests for cirrhosis.

Parameter Sensitivity Specificity Positive LR

(95% CI)

P value Negative LR

(95% CI)

P value

Plalelet count × 103/μL <160 0.74 0.88 6.3 (4.3–8.3) <0.001 0.29 (0.2–0.39) <0.001

Prolonged PT/INR 0.48 0.9 5 (3.2–6.9) <0.001 0.59 (0.39–0.75) <0.001

Albumin <3.5 g/dL 0.45 0.9 4.4 (1.5–7.3) <0.02 0.61 (0.41–0.81) <0.001

AST >ULN 0.78 0.62 2.1 (1.2–3.6) <0.001 0.38 (0.21–0.67) <0.02

GGT >300U/L 0.49 0.82 2.8 (1.4–5.5) 0.62 (0.46–0.38)

ACT >ULN 0.88 0.23 1.1 (0.99–1.3) 0.08 0.54 (0.17–0.91) 0.1

Bilirubin >1.2mg/dL 0.43 0.84 2.7 (0.85–7.9) <0.001 0.09 (0.35–1.1) <0.001

WBC <4× 103/μL 0.25 0.9 2.5 (0.72–8.7) 0.18 0.9 (0.83–0.98) 0.8

Hemoglobulin <13 g/dL 0.45 0.8 1.9 (1.3–2.7) 0.58 0.8 (0.62–1) 0.15

Data from Nicastro et al. 2010 [48].

SI conversion factor: to convert bilirubin from mg/dL to μmol/L, multiply by 17.104.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; GGT: gamma-glutamyl transpeptidase; INR, international

normalized ratio; LR, likelihood ratio; PT, prothrombin time; ULN, upper limit of normal; WBC, white blood cell.
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The Lok index, originally derived from the Hepatitis C

Antiviral Long-term Treatment against Cirrhosis

(HALT-C) trial cohort, is an odds ratio normalized to

probabilities between 0 and 1 which uses the same

factors as the Bonacini CDS but estimates the probabil-

ity of cirrhosis through a logistic model (Table 2.4). An

index of less than 0.2 (which represents a probability of

<20) indicates a reduced likelihood of cirrhosis (LR

0.09; 95% CI 0.03–0.31).

Specific tests for determining the
etiology of liver cirrhosis

Tests for viral hepatitis

Hepatitis A and E are usually self-limited and rarely result

in liver cirrhosis. Therefore we investigate for hepatitis C,

hepatitis B, and possibly superimposed hepatitis D in

patients with liver cirrhosis.

Tests for alcoholic liver disease

TheAST : ALT ratio in patients with alcoholic liver disease

is often greater than 2. A significant elevation of serum

GGT is often noted in alcoholic cirrhotic patients. Never-

theless, the most important criterion in the diagnosis of

alcoholic liver disease is a history of chronic alcoholism.

Tests for primary biliary cirrhosis

• Serum ALK-P concentration is always elevated in PBC

in parallel with GGT, while the serum ALT and AST

levels might be normal or slightly elevated. Elevation

of serum bilirubin level indicates a poor prognosis [14].

• Anti-mitochondrial antibody (AMA) is the most

important serologic test of PBC; it is positive in about

95% of patients [36,37]. Antinuclear antibody and

Table 2.4 Definitions of the aspartate aminotransferase: platelet ratio index, Bonacini cirrhosis discriminant score, and Lok index.

Index/Score Correlation with cirrhosis

AST: platelet ratio index (APRI) = (AST/upper limit of normal AST) × (100/platelet count [×103/μL]) Higher values of the APRI

increase the likelihood of

cirrhosis and lower values

decrease the likelihood of

cirrhosis

Bonacini cirrhosis discriminant score (CDS) = Platelet score + ALT : AST ratio score + INR score Higher scores identify patients

with higher likelihood of

cirrhosis and lower scores

identify patients with lower

likelihood of cirrhosis

Score Platelets (×103/μL) ALT:AST ratio INR

>340 >1.7 <1.1

1 280–340 1.2–1.7 1.1–1.4

2 220–279 0.6–1.19 >1.4

3 160–219 <0.6

4 100–159

5 40–99

6 <40

The modified Bonacini CDS has a range of possible values from 0 to 11.

Lok index = exp (log odds)/[1 + exp (log odds)]

Log odds = �5.56 � (0.0089× platelet count [×103/μL]) + (1.26×AST : ALT ratio) + (5.27× INR)

The Lok index is an odds ratio normalized to possible values between 0 and 1

A higher fraction (i.e.,

probability) increases the

likelihood of cirrhosis, while a

lower fraction reduces the

likelihood of cirrhosis (see also

http://www.haltctrial.org/

cirrhosis.html)

Data from Nicastro et al. 2010 [48].

AST, aspartate transaminase; ALT, alanine aminotransferease; INR, international normalized ratio.
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anti-smooth muscle antibody are also positive in

nearly half of patients with PBC [36]. According to

the good sensitivity (95%) and specificity (98%) of the

above serologic markers for PBC [38], liver biopsy is

not necessary for the diagnosis of PBC if the patient is

positive for serum AMA [36].

• Hypereosinophilia, which is involved in its patho-

genesis, can be found in the early stages of PBC [39].

• Hypercholesterolemia is a special characteristic of PBC;

the total serum cholesterol concentration may exceed

1000mg/dL in PBC patients with xanthomas [40]. In

the early stage, serum levels of low-density lipoprotein

(LDL) and very low-density lipoprotein (VLDL) will

be mildly elevated. To compensate, the serum levels

of high-density lipoprotein (HDL) will be elevated.

This may be responsible for the not greatly increased

risk for atherosclerosis in PBC patients with hyper-

cholesterolemia [41].

Tests for primary sclerosing cholangitis

• The serum biochemistry shows a cholestatic pattern,

while the serum levels of AST and ALT are typically less

than 300 IU/L.

• Perinuclear antineutrophil cytoplasmic antibodies (P-

ANCA) will be positive in 30–80% of patients with

PSC, but without good specificity. Additionally,

increased serum immunoglobulin M (IgM) levels are

also noted in 40–50% of patients with PSC [42,43].

Tests for hereditary hemochromatosis

Transferrin saturation

Increased transferrin saturation above 60% in men and

50% in women has a good predictive ability of over

90% for patients with homozygous hereditary hemo-

chromatosis [44]. In both genders, decreasing the cutoff

value of transferrin saturation to 45% increases the

sensitivity for homozygous hereditary hemochromatosis

but may also increase the false positive rate.

Plasma ferritin level

Elevated plasma ferritin concentrations above 300ng/mL

inmen and 200ng/mL in women suggests iron overload.

However, serum ferritin levels are less specific for iron

overload than transferrin saturation because its charac-

teristic of also as an acute phase protein that will be

elevated in many other circumstances, such as inflam-

mation and stress. Moreover, plasma ferritin concentra-

tion is less sensitive than transferrin saturation in

screening for hereditary hemochromatosis because a

greater degree of iron overload is required to elevate

the ferritin concentration [45].

The American Association for the Study of Liver

Disease (AASLD) screening guidelines in 2011 consid-

ered transferrin saturations above 45% and serum

ferritin levels greater than 200 ng/mL in men and

150 ng/mL in women to be the cutoff levels for screen-

ing of patients with iron overload [46].

Tests for Wilson’s disease

Serum ceruloplasmin

Serum levels of ceruloplasmin, which is synthesized by

hepatocytes as the major carrier of copper in the blood,

are decreased in patients with Wilson’s disease. About

85–90% of patients have serum concentrations below

20mg/dL [47]. However, the serum ceruloplasmin level

alone cannot establish the diagnosis of Wilson’s disease.

Low serum ceruloplasmin concentrations of less than

20mg/dL, accompanied by Kayser–Fleischer rings due to

copper deposits in Descemet’s membrane of patients’

eyes are thought to be diagnostic.

Serum copper

Non-ceruloplasmin-bound serum copper levels are

increased (often above 25 μg/dL) in patients with

Wilson’s disease (normal <15 μg/dL). However, the sen-

sitivity and specificity of this test have not been well

established.

Urine copper excretion

The 24-hour urinary copper excretion in patients with

Wilson’s disease is typically greater than 100 μg (>1.6

μmol), whereas a value of more than 40 μg/day (or more

than 600nmol/day) warrants further investigation [48].

Penicillamine challenge will greatly increase urine cop-

per excretion andwill increase the specificity forWilson’s

disease. This challenge test might be performed in chil-

dren who have symptoms of Wilson’s disease but who

have urine copper excretions of less than 100 μg in 24

hours [49]. However, the predictive value of this test in

adults is unknown [50,51].

Tests for alpha-1 antitrypsin deficiency

Lower levels of serum alpha-1 antitrypsin, less than

11 μmol/L, combined with a severely deficient genotype

make the diagnosis of severe alpha-1 antitrypsin defi-

ciency [52,53]. In cirrhotic patients with the features of
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emphysema, young age, nonsmoker or minimal smoker,

predominantly basilar changes on the chest radiograph,

positive family history, and history of panniculitis or

unexplained chronic liver disease, the diagnosis of

alpha-1 antitrypsin deficiency should be considered

[52,53].

Conclusions

There is no single biomarker for liver cirrhosis; routine

laboratory tests are usually not diagnostic. However, the

abnormalities found in the laboratory data may provide

clues for the etiology, severity, and possible prognosis of

liver cirrhosis.

The conventional liver function tests mainly include

tests for hepatic injury, hepatic metabolism, and bio-

synthetic function.With these data and the routine blood

cell count and other biochemistries, it should be possible

to diagnose and evaluate the severity of liver cirrhosis.

It is important to determine the etiology of liver cir-

rhosis for the purposes of further treatment and to predict

prognosis. The common serologic screening tests include

tests for hepatitis B and C, autoimmune hepatitis, PBC,

andPSC,hemochromatosis,Wilson’s disease, andalpha-1

antitrypsin deficiency.
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In chronic liver disease, diagnostic imaging has a signifi-

cant role for patient management: diagnosis of hepato-

cellular carcinoma and progression to cirrhosis. As an

antiviral treatment for viral hepatitis has been developed

recently, the diagnosis of cirrhosis becomes more impor-

tant for effective treatment. Basic diagnostic imaging

modalities consist of ultrasonography (US), computed

tomography (CT), and magnetic resonance imaging

(MRI), and the many specific techniques derived from

basic methods are developing for a convenient, non-

invasive, and accurate diagnosis.

Ultrasonography-based approaches

Regardless of the underlying etiology, fibrosis is the main

component of chronic liver damage that is directly

related to disease severity and prognosis. Accurate esti-

mation of the severity of fibrosis is essential for evaluat-

ing the disease state and prognosis, and is the first step

toward the optimization of treatment and estimation of

its response [1,2].

Liver biopsy is the gold standard for assessing fibrosis.

However, standard clinical liver biopsy procedures have

several limitations, including sampling errors, inter- and

intraobserver variability, and invasiveness [3]. The ideal

noninvasive test for diagnosing fibrosis would be simple

and reproducible, readily available, less expensive than

biopsy, and able to predict the full spectrum of fibrosis

and to reflect any changes induced by therapy [4]. Many

trials have been conducted with a view to finding this

ideal test; however, no test has yet satisfied all of the

aforementioned requirements. Moreover, recent advan-

ces in knowledge and treatment have led to proposals for

more detailed histologic diagnosis of fibrosis, and these

have made it even more difficult to find an ideal non-

invasive substitute for liver biopsy sampling [5,6].

Various imagingmodalities have been tried asmethods

for assessing liver fibrosis in chronic liver damage, in-

cluding US, CT), and magnetic resonance (MR) based

methods.

This chapter reviews the role of various US tests used in

the diagnosis and assessment of hepatic fibrosis, includ-

ing grayscale US, Doppler US, contrast-enhanced US

(CEUS), and elastography.

Grayscale and Doppler US

Grayscale and Doppler US are noninvasive and relatively

simple and inexpensive tests that are used to study and

follow-up patients with chronic liver disease and cirrho-

sis. Various factors including the liver size, the bluntness

of the liver edge, the coarseness of the liver parenchyma,

the nodularity of the liver surface, portal vein (PV)

velocity, and spleen size have been suggested as useful

parameters for the US-based evaluation of chronic liver

disease [7–14].

A previous study obtained a diagnostic accuracy rang-

ing from 73% (Metavir score of �F2) to 84% (Metavir

score of �F3) when using multiple grayscale US indices

for fibrosis (i.e., liver length, liver surface nodularity,

spleen length, and splenic vein respiratory variation)

and one Doppler US index (i.e., PV velocity) [9]. Another

study introduced a US scoring system using the surface

pattern and the appearance of the internal echogenic

bands, which relate to the irregularity of the liver texture,

and demonstrated a significant correlation between

US stages and the histologic staging of fibrosis [13].

Another study using the bluntness of the liver edge,

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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the irregularity of liver surface, and the coarseness of

the parenchymal texture as indicators confirmed the

usefulness of the US staging system [15]. However,

although US can provide a qualitative assessment of

the hepatic parenchyma composition, it is both subjective

and operator dependent. Liver fibrosis and steatosis can

have similar appearances on US and can be present at the

same time in a “fatty-fibrotic pattern” [16–18]. In addi-

tion, some studies have shown that the sensitivity and

specificity of US in demonstrating hepatic fibrosis are

unacceptably low and that there is no correlation

between US findings and the histologic stage of fibrosis

on liver biopsy [19,20].

Regional hepatic and systemic hemodynamic changes

are essential findings in liver fibrosis [21]. Therefore,

Doppler US has been used to detect the hemodynamic

changes that are known to be present from the pre-

cirrhotic stages of hepatic fibrogenesis. Doppler US indi-

ces include the PV blood volume, mean or maximum PV

velocity, portal blood flow, the congestion index of the

PV, effective portal liver perfusion, and resistance indices

of arteries in the liver and spleen [9,21–26]. Further-

more, pulsed wave Doppler can be applied to determine

the changes in waveforms of the proper hepatic arteries,

PV, and hepatic vein. While the normal flow pattern in

the right hepatic vein is triphasic, patients with a biphasic

or monophasic flow pattern more often have advanced

fibrosis (Figure 3.1) [24,27–29].

However, Doppler measurement is influenced by

many patient-related factors such as respiration and

timing of meals as well as observer variability and equip-

ment differences. Furthermore, collateral pathways,

hepatic steatosis, and inflammation further contribute

to the measurement variability [30–32].

Taken together, grayscale and Doppler US are safe,

inexpensive, and simple to use at the bedside or for

outpatients, and combining multiple US indices can

improve the diagnostic accuracy of cirrhosis in some

conditions.

Contrast-enhanced ultrasonography

CEUS imaging represents a new US modality for the

assessment of chronic liver disease. CEUS involves the

intravenous administration of minute, gas-filled micro-

bubbles that strongly enhance the intensity of signals

from the intravascular flow. The various commercially

available contrast agents differ in their designs and kinet-

ics, and can therefore yield different results; they cannot

be used interchangeably [33–36]. Bolus injections of

microbubble agents can be used for first-pass kinetics

Figure 3.1 Schematic drawings and US Doppler waveforms shows classification of hepatic vein Doppler waveforms.
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studies, and can be used to assess transit times. It has been

shown that hepatic vein transit times shorten when the

liver disease worsens [33,37,38]. In theory, shorter

hepatic vein transit times in patients with diffuse liver

disease occur mainly secondary to arteriovenous shunt-

ing and arterializations of capillary beds in the liver and,

to a lesser degree, shunting in the pulmonary and gas-

trointestinal capillaries. In addition, the time–intensity

curve differs significantly between the normal liver

parenchyma and the cirrhotic liver, with the level of

decrease being related to the degree of liver damage

present [39]. Comparison of the signal intensity of a

region of interest within the liver parenchyma has also

revealed that the accumulation of microbubbles in the

liver parenchyma is decreased in nonalcoholic steatohe-

patitis, but not in nonalcoholic fatty liver disease or

chronic viral hepatitis [40].

In conclusion, CEUS could be a simple and noninvasive

test for reliably screening cirrhosis based on contrast-

agent transit or the parenchymal enhancement pattern.

However, this method also has some limitations in that it

requires the injection of a contrast agent, considerable

operator skill, and access to the relevant technology.

More intensive studies and validation are needed.

Measurement of liver stiffness: transient

elastography, acoustic radiation force

impulse, supersonic shear-wave

elastography, and real-time elastography

The increase in liver stiffness associatedwith chronic liver

disease is primarily because of the presence of fibro-

sis [41]. Tissue elastography, which was introduced in

1992, is used to visualize differences in the mechanical

properties between tissues [42]. The most attractive

advantage of tissue elastography is the ability to quantify

the viscoelasticity of the tissue, which means that it can

be used for measuring hepatic fibrosis in the liver. To

date, two US elastography techniques have been used to

measure liver stiffness: shear-wave-based elastography

and real-time elastography. Shear-wave-based elastog-

raphy includes transient elastography (TE), which is the

most widely used, acoustic radiation force impulse

(ARFI) imaging, and supersonic shear-wave elastogra-

phy (SSWE). Shear-wave-based elastography involves

using an ultrasonic beam to measure the propagation

velocity of a shear wave through the soft tissue under

investigation, with liver stiffness being displayed in kilo-

pascals or centimeters per second.

TE is the first commercialized elastography protocol

developed to assess noninvasively the stiffness of deep

soft tissues such as the liver. A mechanical vibrator

generates a low-frequency elastic wave at 50Hz to pro-

duce a shear stress in the target tissue at a distance of

4 cm, and then, as mentioned above, the velocity of the

shear wave is measured using an ultrasound signal. TE

has been validated extensively by numerous investiga-

tions targeted at patients with chronic liver disease and

cirrhosis, and it is generally accepted that TE findings are

strongly correlated with the stage of liver fibrosis. How-

ever, it does not provide a B-mode image (which is very

helpful for targeting), only the right liver can be meas-

ured, and it has a higher measurement failure rate (5.5–

6%), mainly because of limiting factors such as obesity

and ascites [43]. ARFI imaging and SSWE use focused

high-intensity, short-duration acoustic pulses instead of

the mechanical vibration used in TE to produce a shear

wave in the target tissue [44]. Like TE, the shear-wave

velocity is observed by aiming repeated ultrasound beam

pulses across the region of interest. SSWE is a new type of

the shear-wave-based US elastography technique and

uses multiple acoustic radiation force impulses [45]. It

exhibits the remarkable feature of the viscoelastic prop-

erties in all areas within the region of interest being

demonstrated on a color-coded look-up table. ARFI

imaging and SSWE are expected to overcome the limita-

tions of TE, such as measurement failures due to severe

obesity, thick subcutaneous fat, and ascites. Moreover,

they are able to display a grayscale US image on the

background of the elastography, and so are more reliable

and familiar to physicians who use conventional US.

However, a high level of clinical experience and evidence

are needed in order to apply either ARFI imaging or

SSWE for the diagnosis of liver fibrosis.

Real-time elastography is a method derived from the

static elastography technique used for the measurement

of breast tissue elasticity [46,47]. It differs technically

from TE in that the echo signals obtained by conventional

ultrasound probes before and when under slight com-

pression are compared and analyzed. Tissue elasticity

cannot be measured directly from reflected ultrasound

echoes, and so the relative tissue elasticity is calculated

and displayed as a color overlay on the conventional

B-mode image. It is difficult to apply pressure to the liver

using an ultrasound probe, so liver stiffness is calculated

from the displacement of the tissue that results automat-

ically from pressure applied by the heartbeat. Reflected
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US echoes are then used to compute the displacement

and, thus, the strain distribution in the tissue.

Many clinical studies have been conducted to test the

effectiveness of TE for the diagnosis of hepatic fibro-

sis [48,49]. TE is useful as a screening test for cirrhosis,

but is not recommended for diagnosing stages other than

cirrhosis because the optimal cutoffs of liver stiffness

have not been validated for individual stages of fibrosis.

Relatively few clinical studies have been conducted on

ARFI imaging and SSWE for comparison with TE,

although some studies have shown that the performance

and reliability of ARFI imaging and SSWE are compara-

ble to those of TE [44,45,50].

Measurement of liver stiffness also has a major role in

estimating the severity of portal hypertension in patients

with cirrhosis. Increased portal pressure is the main

factor determining the clinical course of cirrhosis: vari-

ceal formation, variceal bleeding, portal hypertensive

enteropathy, ascites, spontaneous bacterial peritonitis,

hepatorenal syndrome, and hepatic encephalopathy

are representative manifestations of decompensated cir-

rhosis. Measurement of the hepatic venous pressure

gradient (HVPG) following hepatic venous catheteriza-

tion is a surrogate marker of portal hypertension esti-

mation, but this technique is somewhat invasive. Recent

testing of the feasibility of liver stiffness measurement for

detecting severe portal hypertension revealed a strong

correlation with both HVPG and the presence of compli-

cations related to portal hypertension [51,52].

In conclusion, the development of various promising

techniques for measuring liver stiffness have helped to

overcome the limitations of conventional US, not only

for evaluating hepatic fibrosis, but also for predicting the

development of fatal complications related to chronic

liver disease or portal hypertension, as well as the

patient’s prognosis.

CT- and MRI-based approaches

As mentioned above regarding US, cross-sectional imag-

ing studies such as CT and MRI are useful imaging

modalities for the diagnosis of cirrhosis (Figure 3.2).

These modalities are considered as standard methods

for the diagnosis of hepatocellular carcinoma (HCC)

on the background of chronic liver disease, including

cirrhosis [53,54]. The radiologic features of advanced

cirrhosis are normally obvious: surface nodularity,

prominent fibrous septa, shrinkage of liver volume,

and an enlarged portal venous system including varices

and splenomegaly due to portal hypertension. However,

it is difficult to diagnose the early stage of cirrhosis, and so

various functional techniques using CT and MRI have

been developed recently and described in many hepatol-

ogy and radiology journals. This chapter describes the

morphologic features of cirrhosis with various etiologies

and the hemodynamic and functional imaging tech-

niques for the early diagnosis of cirrhosis and its

complications.

Morphologic changes

In the advanced stages of cirrhosis, the morphologic

changes in the liver can be clearly demonstrated by

both CT and MRI. Although the imaging features are

highly specific for cirrhosis, the sensitivity is very low for

early cirrhosis. The observed nodularity of the liver

surface is caused by the presence of numerous regener-

ative nodules and fibrotic scars.

Regenerative nodules are seldom evident on CT, but

MRI reveals subtle changes such as regenerative nodules

and strands of fibrosis. Regenerative nodules are com-

posed of hepatocytes that regenerate in the fibrous scars

following lobular hepatitis, and confluent necrosis of the

hepatocytes [55]. Due to stepwise carcinogenesis from a

regenerative nodule to a dysplastic nodule and then to

HCC, cirrhotic nodules including regenerative and dys-

plastic nodules should be differentiated from HCC by

using various MRI sequences and dynamic contrast

enhancement. These cirrhotic nodules generally manifest

as isoattenuating on CT, hypointense on T2-weighted

MRI, and with no enhancement on arterial-phase CT

and MRI, and are considered benign lesions [56]. Con-

versely, HCC appears with high signal intensity on

T2-weighted MRI, as an early enhancement on arterial-

phaseCT andMRI becauseof its changeof vascularity, and

with high signal intensity on diffusion-weighted imaging

(DWI) due to its high degree of cellularity [56,57].

Fibrotic scars are barely visible on conventional CT and

MRI but, in patients with advanced cirrhosis, unen-

hanced MRI may reveal fibrotic septa as hypo- and

hyperintense reticulations on T1- and T2-weighted

MRI, respectively [58]. The use of either a gadolinium-

based contrast agent or superparamagnetic iron oxide

(SPIO) agent will result in hepatic fibrosis appearing as

very clear contrast enhancement on MRI. Gadolinium-

based contrast agents, except hepatocyte-specific agents
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such as gadoxetate disodium or gadobenate dimeglu-

mine, equilibrate with the extracellular matrix of the

liver in the delayed phase and accumulate in fibrotic liver

tissue [59]. On the other hand, the SPIO agent is not

taken up into fibrous septa, but rather into Kupffer cells

in the hepatic sinusoid. As the signal intensity of the SPIO

agent in the Kupffer cell is decreased on T2*-weighted

gradient-recalled-echo sequence imaging, the fibrous

septa are brighter than the regenerative nodules inwhich

Kupffer cells are present [60]. A hybrid enhancement

technique using sequentially both SPIO and gadolinium-

based agents was also introduced to synergistically

improve the diagnosis of hepatic fibrosis [61,62].

Cross-sectional imaging can be used for the diagnosis

of cirrhosis; thus, several imaging signs related to mor-

phologic changes of the liver have been investigated. A

modified caudate : right-lobe ratio is one of these

morphologic CT signs [63], defined by using the bifur-

cation of the right PV as a landmark, which is considered

as a lateral boundary for the caudate lobe and a medial

boundary for the right lobe. According to that study, the

sensitivity and accuracy for diagnosing cirrhosis was

about 72% and 74%, respectively, when using a modi-

fied caudate: right-lobe ratio cutoff of greater than 0.90.

The expanded gallbladder fossa sign and the right poste-

rior hepatic notch sign are other morphologic features

visible on cross-sectional imaging in cirrhosis [64]. In the

normal liver, the gallbladder fits into a fossa in the plane

of the major interlobar fissure. In patients with cirrhosis,

the fossa is widened because of atrophy of the right liver,

and filled with fat tissue. The right posterior hepatic

notch is a sharp pit on the right medial posterior surface

of the liver that is usually noted in patients with cirrhosis.

The use of these signs produces a very high specificity and

Figure 3.2 Pros and cons of imaging modalities for diagnosis of cirrhosis. ARFI, acoustic radiation force impulse; CEUS, contrast-

enhanced ultrasonography; CT, computed tomography; DWI, diffusion-weighted imaging; MR, magnetic resonance; MRI, magnetic

resonance imaging; NSF, nephrogenic systemic fibrosis; SAR, specific absorption rate; SWE, shear-wave elastography.
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positive predictive value for diagnosing cirrhosis, but

usually a low sensitivity. In otherwords, themorphologic

changes associated with cirrhosis that are visible on CT

andMRI are usually observed in advanced cases only; CT

and MRI are thus not suitable for the early diagnosis of

cirrhosis.

The progression to advanced disease will make atrophy

of the right hepatic lobe and the left medial segment with

hypertrophy of the left lateral segment and the caudate

lobe more prominent, features that are easily demon-

strated on conventional cross-section imaging modalities

such as CT and MRI. These morphologic changes were

previously explained by alterations of blood flow associ-

ated with the progress of cirrhosis. However, the mor-

phologic changes differ depending upon the underlying

etiology of the cirrhosis, although they overlap as the

disease advances (Figure 3.3). The aforementioned find-

ings are typical features of viral-induced cirrhosis. On the

contrary, the characteristics of cirrhotic patients with a

history of chronic heavy alcoholic consumption are

marked hypertrophy of the caudate lobe, a higher fre-

quency of visualization of the right posterior hepatic

Figure 3.3 Magnetic resonance images (MRI) of cirrhosis caused by hepatitis B infection and chronic alcohol ingestion. (A and B) In

a patient with hepatitis B virus-related cirrhosis, various sizes and shapes of regenerative nodules (solid arrow) and fibrotic scars are

shown on T2-weighted (A) and hepatobiliary phase MRI (B). (C and D) On the contrary, regenerative nodules in alcoholic cirrhosis

are very small and fibrotic scarring is not obvious on T2-weighted MRI (C). Compared with viral cirrhosis, caudate lobe (open

arrow) and left liver is relatively more enlarged and right liver is less hypotrophic (D).
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notch, and smaller regenerative nodules [65,66]. Pri-

mary biliary cirrhosis (PBC), a chronic and usually pro-

gressive cholestatic disease that is characterized by

asymmetric destruction of bile ductules within the portal

triads as a result of an autoimmune inflammatory pro-

cess [67], has a morphology that is similar to other forms

of cirrhosis on CT andMRI, with a small heterogeneously

attenuating liver, varices, and splenomegaly [68]. A

typical MR finding on T2-weighted images in end-stage

PBC is the periportal halo sign [69]; DWI can aid esti-

mation of the fibrosis grade in patients with PBC. Primary

sclerosing cholangitis, another entity of chronic chole-

static disorder that is characterized by fibrosing inflam-

matory destruction of the bile ducts and multifocal

biliary strictures [70], is also characterized by pseudotu-

moral enlargement of the caudate lobe along with

atrophy of the peripheral hepatic segments, resulting

in a lobulated contour [71]. Multiple irregular strictures

of the bile ducts are also observed on MR cholangiopan-

creatography [72].

Hemodynamic changes

Hemodynamically, the cirrhotic liver is highly resistant to

portal inflow, and the systemic response that improves

the splanchnic circulation aggravates the situation, cre-

ating a vicious cycle that may result in the development

of portal hypertension and its complications [73]. Basi-

cally, since CT and MRI are not functional imaging

modalities, they are not appropriate for evaluating the

hemodynamic changes in the liver. However, they are

useful for observing the secondary changes of portal

hypertension in a patient with cirrhosis, such as porto-

systemic collateral formation, splenomegaly, portal

hypertensive gastropathy (PHG), portal hypertensive

colopathy (PHC), and ascites.

The arterioportal shunt is a communication between

the hepatic arterial and portal venous systems that allows

arterial blood to flow into a region of the portal venous

territory [74]. In patients with cirrhosis, the arterioportal

shunt is usually found on the arterial phase of a CT scan.

Themechanism underlying such an arterioportal shunt is

not clear, but it is thought that distortion and capillariza-

tion of the hepatic sinusoid disturbs hepatic venular flow

and increases intrahepatic vascular resistance, resulting

in the arterial blood flow regurgitating to the PV via the

arterioportal shunt [75]. Although the arterioportal

shunt has minimal clinical significance, it can be mis-

taken for a small HCC on the arterial phase of a CT scan.

Therefore, it should be differentiated from HCC by using

dynamic enhanced CT and MRI; a liver-specific MR

contrast agent can also be used for the diagnosis.

Esophageal and paraesophageal varices are common

complications of cirrhosis, and arise from the impaired

venous drainage of the esophageal vein due to increased

portal venous pressure. A gastric varix is less common

than an esophageal varix, occurring in about 20% in

patients with portal hypertension [76]. The gastric varix

can be subdivided into gastroesophageal and isolated

gastric types according to its location and relationship

with esophageal varices [77]. Short and posterior gastric

veins are the main communicating veins of the fundal

gastric varix. These circulatory collaterals are located

around the esophagus and stomach, especially the

esophageal and submucosal gastric varices [77]; bleed-

ing from theses varices into the gastrointestinal tract is

serious and life-threatening. Physicians generally esti-

mate the risk of variceal bleeding using endoscopic

findings such as the size, color, and location of vari-

ces [78]. However, in the era of the multi-detector CT,

which enables CT scanning at a submillimeter thickness,

CT can be used not only to obtain information about the

cirrhotic liver itself, but also about the portal hyper-

tension caused by cirrhosis. Various portosystemic

collateral veins can also be depicted in the CT scan

(Figure 3.4), and physicians can plan a strategy for

the treatment of varices, including the insertion of a

transjugular intrahepatic portosystemic shunt (TIPS)

and balloon-occluded retrograde transvenous oblitera-

tion (BRTO). Moreover, as with endoscopy, it is now

possible to demonstrate the presence of esophageal and

gastric varices using CT [79–81]. The sensitivity and

specificity of CT for detecting esophageal varices were

found to be 96% and 55%, respectively, and 93% and

80%, respectively, for high-risk esophageal varices [80].

Use of the 1- to 3-mm multiplanar reformat or surface-

shaded display can increase the specificity of CT for the

risk stratification of esophageal varices [82,83]. With

regard to gastric varices, the sensitivity and specificity

were 83–89% and 75–79%, respectively [79]. These

results are not bad, but the accuracy for small varices

remains low.

Splenomegaly is another CT feature of cirrhosis, and its

underlying mechanism is explained simply as congestion

resulting from portal hypertension. Although the size

and shape of the spleen varies among individuals, its

average dimensionsin adults are <11 cm long, <7 cm
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wide, and <5 cm thick. Splenomegaly is highly sensitive

for the diagnosis of PH, and is weakly correlated with

portal vascular resistance [84]. It is more frequently

observed in patients with viral cirrhosis and PBC than

in patients with alcoholic cirrhosis. The usefulness of

splenic stiffness measurements obtained using MR elas-

tography for detecting significant portal hypertension has

recently been tested [85]. Along with splenomegaly,

Gamna–Gandy bodies are usually found in the spleen

of cirrhotic patients on gradient-echo MRI. They are

caused by the deposition of hemosiderin as a result of

a focal organized hemorrhagic infarct, and are seen in

9–12% of patients with portal hypertension [86].

PHG and PHC are caused by chronic venous congestion

resulting from portal hypertension, which results in

mucosal hyperemia and capillary ectasia in the gastric

and colonic walls [87,88]. PHG is important clinically

because it may be associated with acute gastric bleeding;

it is responsible for up to 30% of all cases of upper

gastrointestinal bleeding in patients with cirrhosis [89].

PHG is generally diagnosed by endoscopy, but CT can also

show edematous gastric-wall thickening and persistent

enhancement on the inner layer of the gastric wall,

with or without transient segmental hypoperfusion in

the gastric fundus or body on arterial-phase scanning

[90,91].

MR elastography

MR elastographyis an emerging technology that is used

for quantitatively assessing the elasticity of the liver [92].

Like palpation, elastography is a diagnostic modality that

reveals differences in one of the mechanical properties of

tissues, the elastic modulus of tissues, and this can

improve the contrast between different tissues in the

body as compared with other imaging modalities such

as ultrasound, CT, and conventional MRI. There are

three basic steps involved in performing elasticity imag-

ing: application of excitation, measurement of the tissue

response, and estimation of the mechanical parame-

ters [93]. Excitation is applied using a pneumatic-based,

pressure-activated driver composed of active and passive

drivers, whereby the active driver generates a pneumatic

pressure wave that is transmitted through a plastic tube

to the passive driver placed over the wall of the right

anterior body [94]. After generating a shear wave at a

low frequency (50–500Hz), the response in the liver

tissue can be measured using phase-contrast MRI with

a motion-encoding gradient that oscillates at the same

frequency as the motion of the activated liver tissue [95].

A quantitative value of the mechanical shear modulus

can then be calculated from the acquired MR images

(Figure 3.5). The shear modulus can be calculated from

the velocity of the shear wave (corresponding to the

Figure 3.4 CT features of prominent esophageal and paraesophageal varices. (A) On axial scan, engorged paraesophageal collateral

veins surround the esophagus with a varix (solid arrow). (B) On oblique coronal view of maximum intensity projection, a tortuous

and engorged left gastric vein (open arrows) is shown, and it is connected with esophageal and paraesophageal varices. Marked

splenomegaly is also noted (asterisk).
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Figure 3.5 MR elastography of the normal liver (A–C) and cirrhotic liver (D–F). In the normal liver (B), shear wave passing through

the liver propagates slowly compared with the cirrhotic liver (E). The elastograms show a higher mean stiffness of the cirrhotic liver

(4.9 kPa; F) compared with the normal liver (1.7 kPa; C). (Courtesy of Dr. Jeong Min Lee, Department of Radiology, Seoul National

University Hospital, Korea.)
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product of the frequency and the wavelength) based on

the assumption that the density of the tissue is around

1000kg/m3. In addition, because the liver tissue moves

in more than one direction, a specific reconstruction

technique using the direct local inversion of the differ-

ential equation of motion is applied to estimate the

complex stiffness tensor in the multidimensional dis-

placement dataset [96].

MR elastography has been used in clinical practice for

the assessment of hepatic fibrosis since 2006 [94,97].

Hepatic MR elastography is usually performed with a

60-Hz pressure wave. The shear modulus is approxi-

mately 2 kPa in healthy volunteers [97,98]. Several clin-

ical studies have established the feasibility of MR

elastography for evaluating hepatic fibrosis. In a study

of 141 patients with chronic liver disease [99], the mean

MR elasticity increased gradually according to the severity

of hepatic fibrosis, as for liver stiffness using TE, and the

diagnostic performance of MR elastography was compa-

rable or higher than that for TE or blood testing (aspartate

aminotransferase: platelet ratio index test; APRI index).

Moreover, the failure rate was significantly lower for MR

elastography than for TE; the causes of MR elastography

failure were claustrophobia, low hepatic signal intensity

related to hemochromatosis, and severe obesity (i.e., the

patient did not to fit into the magnet bore).

There are several advantages of MR elastography over

US elastography [92]: it is not influenced by body habi-

tus, it is not operator dependent, and it is potentially

possible to assess the entire liver. Nevertheless, although

great strides have been made with MR elastography

technology, several challenges remain: improving the

spatial resolution, developing a high-speed imaging tech-

nique such as echo planar imaging or parallel imaging,

and overcoming some of the complex mathematical

problems associated with solving for mechanical anisot-

ropy, nonlinearity, and viscoelastic behavior [93].

Other imaging techniques

Several imaging techniques have been investigated for

the noninvasive diagnosis of hepatic fibrosis. DWI is a

technique that assesses the freedom of diffusion of water

protons in tissues and has been applied to the detection of

malignant hepatic lesions such as metastasis or HCC in

abdominal imaging. The diffusion of water protons may

be restricted in livers with hepatic fibrosis because colla-

gen does not contain many free unbound water protons.

However, it is inappropriate to quantify the diffusivity

based on the signal intensity in DWI; thus, the apparent

diffusion coefficient (ADC) is calculated from two or

more DWIs, representing the slope of the logarithm of

intensity versus the b value [100]. According to several

preliminary studies [101,102], a decreased ADC is corre-

lated with increased hepatic fibrosis or stage of chronic

liver disease. Challenges remain, however [103], such as:

(i) the presence of potential confounders of the ADC such

as perfusion, hepatic steatosis, hepatic iron deposition,

and inflammation; and (ii) the ADC varying with imag-

ing parameters such as the field strength, repetition time,

echo time, and b value. Thus, it is necessary to develop a

standard DWI protocol for the evaluation of diffuse liver

disease.

Liver-specific MR contrast agents were developed to

improve the conspicuity ofmalignant focal hepatic lesions

such as HCC and metastasis [104,105]. There are two

commercially available gadolinium-based contrast agents:

gadobenatedimegluminandgadoliniumethoxybenzyldie-

thylenetriaminepentaacetic acid (Gd-EOB-DTPA); these

function as combined extracellular hepatobiliary agents.

The basic mechanism underlying liver-specific enhance-

ment is that a considerable portion of the contrast agent

added to the bloodstream is taken into hepatocytes and

excreted into the bile duct after some time. If the hepato-

cytes in a portion of the liver function normally, the

contrast agent will be taken into the hepatocytes and

produce T1 shortening in the area that contains contrast

agent. Conversely, if the hepatocytes do not function

normally or they are replaced by other cells such as

metastatic tumor cells, the contrast agentwill not be taken

up and the signal intensity of the area will be lower than

that of the normal liver. Therefore, the enhancement by

liver-specific contrast agent depends on the underlying

liver function: liver perfusion, vascular permeability,

extracellular diffusion, andhepatocyte transporter expres-

sion. Thus, peakenhancementof the cirrhotic livermaybe

diminished and delayed [104,106].

Estimation of liver function by measuring the

enhancement of the liver or ratio of hepatic enhance-

ment to splenic enhancement with Gd-EOB-DTPA MRI

may be an alternative to indocyanine green clearance in

the work-up before major hepatic resection [107]. Hep-

atobiliary contrast agent can only be used for the prelim-

inary staging of hepatic fibrosis, but a study has

demonstrated that Gd-EOB-DTPA MRI is more reliable

than DWI for staging hepatic fibrosis [108]. Nevertheless,

pharmacokinetics analyses of Gd-EOB-DTPA MRI
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enhancement have several issues [104], including the

lack of linearity between the signal intensity and the

concentration of contrast agent. This issue also applies to

MR perfusion studies. As for DWI, there are several

confounders that influence Gd-EOB-DTPA enhance-

ment that need to be addressed to enable a precise

quantification of liver function: blood flow, trans-

membrane barriers preventingmovement of the contrast

agent, interaction between drugs, and individual varia-

bility of transporter expression in hepatocytes.

The use of CT and MRI in perfusion studies involves

the observation of hemodynamic changes in tissues using

vascular contrast media. These tools can be applied not

only for assessing the response to anticancer treatment,

but also for the staging of liver fibrosis and evaluation of

HCC [109]. As mentioned above, the intrahepatic vessels

are gradually obliterated as hepatic fibrosis advances.

This results in decreases in portal blood flow and volume

in the liver, but hepatic arterial flow increases by com-

pensation, causing the development of numerous intra-

hepatic shunts. Therefore, most of the perfusion studies

carried out to evaluate the liver have applied a dual-input

kinetics model. Themost importantmerit of CT perfusion

studies is the linearity between the attenuation value

(measured in Hounsfield units) and the concentration of

contrast agent, meaning that the formula for obtaining

the perfusion parameters is much simpler than for MRI.

Moreover, the ability to perform CT scanning very rap-

idly improves the temporal resolution. On the other

hand, repeated CT scanning is a radiation hazard, which

is a very important issue that remains a major obstacle to

its clinical application.
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Introduction

Usually considered as the end stage of chronic liver dis-

eases (CLD), cirrhosis is defined anatomically by the pres-

ence throughout the liver of fibrous septa that delineate

parenchymal nodules of various sizes. Such parenchymal

changesmay favor the occurrence of clinical or pathologi-

cal complications, such as liver decompensation, portal

hypertension, and development of primary liver malig-

nancies, especially hepatocellular carcinomas (HCC).

Although cirrhosis has been traditionally viewed as the

end stage in the evolution of CLD, increasing evidence,

with the successful treatment of several risk factors, espe-

cially related to viral infections, has supported the concept

of reversibility of fibrosis and cirrhosis. The cirrhotic pro-

cess is rather complex, involving necro-inflammatory

lesions, production and/or accumulation of extracellular

matrix (ECM), and vascular reorganization. Such a mor-

phologic picture may be appreciated best by the histologic

approach which also provides, when necessary, clues for

etiologic factors.

Cirrhosis: a pathologic spectrum

Cirrhosis is defined by a diffuse process characterized by

fibrosis and the conversion of normal liver architecture

into structurally abnormal nodules [1]. Diagnosis of

cirrhosis relies on the presence of extensive fibrosis

delineating parenchymal hepatocellular nodules associ-

ated with vascular abnormalities reflecting the occur-

rence of intrahepatic vascular shunts [2].

Fibrosis: extracellular accumulation

of matrix components

Intrahepatic accumulation of ECM is observed at various

sites of the parenchyma, mainly concerning the perisi-

nusoidal space of Disse (defining the space between the

vascular channel and the hepatocytes) and portal tracts.

ECM deposits increase with the degree of severity of

fibrosis, moving from less than 3% of the relative area in

a normal liver tomore than 15% in a cirrhotic liver [3–5].

In addition to such quantitative aspects, significant qual-

itative modifications of the ECM components are

observedwith prominent production of fibrillar collagens

contributing to sinusoidal capillarization, a phenomenon

that strongly impairs exchanges between liver cells and

blood flow [6]. On liver tissue specimens, excess deposits

of ECM are easily observed by specific staining (tri-

chrome, picrosirus). Additional procedures, such as his-

tochemistry and immunohistochemistry, are potential

tools to define the main types of deposited matrix pro-

teins (Figure 4.1). Second harmonic generation (SHG)

microscopy offers the opportunity to image fibrillar col-

lagens in unstained tissues. As liver fibrosis is mainly

associatedwith deposition of type I and III collagens, such

an approach, based on multiphoton microscopy, may be

used as a collagen scoring method in CLD [7]. Interest-

ingly, its performance has been demonstrated in a cohort

study of patients with CLD related to viral hepatitis,

showing further discrimination of several levels of fibro-

sis as assessed by semi-quantitative staging systems [8].

Production of ECM results from the activation and

proliferation of fibrocompetent cells, which are able to

produce and excrete the main ECM components. They
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include hepatic stellate cells (HSC), which correspond to

fat-storing cells located in the perisinusoidal space, and

portal fibroblasts [9,10]. Although other cell types of the

liver, such as biliary cells, are able to produce ECM

components they represent a minor source of liver fibro-

genesis [11]. The role of HSC has been investigated in this

process where they acquire an activated phenotype of

myofibroblast requiring crosstalk with mostly inflamma-

tory cells and production of awide range of cytokines and

chemokines, such as transforming growth factor β1

(TGFβ1), connective tissue growth factor (CTGF), and

so on [12,13]. Interestingly, presence of activated HSC on

liver tissue sections may be identified using specific

immunophenotypical markers, such as α smooth muscle

actin (Figure 4.2). Such a procedure gains further

insights into the dynamics of liver fibrogenesis and

may be valuable in the prediction of the course of

CLD, as already illustrated in the follow-up of patients

transplanted for hepatitis C virus (HCV) cirrhosis [14].

The fibrous compartment is not restricted to an amor-

phous area of ECM components but commonly houses

different cell types in addition to fibroblasts. Among

these, inflammatory cells and biliary proliferation are

the most prominent, even though their respective pro-

portions may vary considerably according to the origin of

the cirrhosis and its severity.

Different morphologic patterns of fibrosis are recog-

nized according to their origin and severity [15]. Thus,

deposition of ECM usually starts in portal tracts and

periportal areas in different contexts, including chronic

viral hepatitis, autoimmune and biliary diseases, while an

earlier involvement of the centrolobular zone is observed

in alcoholic and nonalcoholic steatohepatitis or vein

outflow disorders. Later on, when fibrosis progresses,

the fibrous septa connect vascular structures to each

other, leading to constitution of portal to portal, portal

to central septa, or central to central septa, mainly

depending on the etiologic risk factors and severity of

the disease. However, at the advanced stage, all kinds of

extensive septa are observed throughout the liver, ham-

pering the recognition of the elementary anatomic struc-

tures of the liver (i.e., portal tracts and centrolobular

veins). Altogether, this architectural distortion leads to a

macroscopic picture of cirrhosis commonly defined by

Figure 4.1 Cirrhosis at low power view. Specific stainings of fibrosis showing parenchymal nodules delineated by annular fibrous

septa: (A) trichrome staining; (B) picrosirius staining.

Figure 4.2 Hepatic stellate cells in cirrhosis. α-Smooth muscle

actin immunostaining showing hepatic stellate cells in

parenchymal nodules, located in peri-sinusoidal space (Disse

space).
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the global aspect of the liver (hypertrophic, atrophic,

dysmorphic) and size of the hepatocellular nodules

into macro- or micronodular according to whether the

majority of the nodules are larger or smaller than 3mm.

Macronodular cirrhosis, especially observed in hepatitis

B virus (HBV) infection, may be composed of nodules of

several centimeters in diameter. In fact, in a significant

number of cases, cirrhosis is made up of a mixture of

small and large parenchymal nodules, recognized as

“mixed” or “irregular” cirrhosis. Importantly, in the

course of cirrhosis, the size of the nodules may evolve,

with progression of micronodules to macronodules in

cases of successful removal of the etiologic agent.

Vascular changes

In addition to the fibrogenic process, vascular structural

changes within the intrahepatic circulation are essential

to the increased vascular resistance and physiopathology

of portal hypertension [16,17]. Importantly, these modi-

fications directly correlate with the degree of fibro-

sis [18,19]: (i) angiogenesis, driven by hypoxia, mainly

through the production of vascular endothelial growth

factor (VEGF), leading to increase in vascular structures

with additional shunting, and (ii) sinusoidal remodeling

featured by increased density of contractile HSC around

sinusoidal endothelial cells that display significant mor-

phologic and functional changes, with the loss of their

characteristic fenestra and the occurrence of a basement

membrane, known as sinusoidal capillarization, resulting

in sinusoidal vasoconstriction [16,17]. Such features can

be seen on tissue sections showing increased number of

vessels in the fibrous septa, perisinusoidal fibrosis into

the nodular parenchyma, and CD34 immunostaining of

the sinusoidal lining (Figure 4.3).

Figure 4.3 Vascular changes in cirrhosis. (A) Low magnification showing cirrhosis with vessels multiplication in fibrous septa

(hematein and eosin). (B) Higher magification of cirrhotic nodule with sinusoidal dilatation. (C) CD31 immunostaining dysplaying

increased vascular density. (D) Sinusoidal capillarization demonstrated by CD34 lining of endothelial cells in cirrhotic nodule.
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Parenchymal nodules: etiologic features

Besides the architecturalmodifications observed in cirrho-

sis, a wide range of elementary histologic features may be

present. Among them, significant disarray of hepato-

cellular trabeculae is observed, with focal thickening of

liver cell plates to two or three cells thick, consistent with

regenerative process. Silver stainings for reticulin clearly

demonstrate these changes with an irregular and focally

thickened pattern. Cytologically, hepatocytes may appear

regular, as eosinophilic polygonal cells, and may harbor

dystrophic changes (irregularity in shape and size), or

dysplastic changes. These latter modifications, now

described as small or large liver cell changes, usually

involve hepatocellular clusters, only recognized at the

microscopic level (Figure 4.4).

Large cell change (LCC), first described in chonic

hepatitis B, is defined by large cells containing atypical

nuclei of increased size, sometimes multinucleated, but

with a fairly normal nuclear: cytoplasmic ratio [20]. By

contrast, small cell change (SCC) consists of small hepa-

tocytes containing irregular and hyperchromatic nuclei

with increased nuclear: cytoplasmic ratio [21,22]. Iron

overload is commonly present in parenchymal nodules,

especially in patients with advanced cirrhosis, whatever

its etiology [23]. Its intensity is variable, well-demon-

strated with Perls’ staining, usually heterogeneous from

one nodule to another, involving both macrophages and

hepatocytes (Figure 4.5). Several semi-quantitative scor-

ing systems have been developed, based on the quantity

and/or the natural progression of accumulation (from

periportal to centrolobular zones) [24]. In cases of hered-

itary hemochromatosis, a pericanalicular pattern of iron

distribution is described in the hepatocytes. However,

with progression of the disease and extension of fibrosis,

there is loss of the characteristic gradient pattern (portal

centrolobular zone) and iron overload is also seen in the

biliary epithelium. Features of steatosis and steatohepa-

titis may also be observed in cirrhotic samples, more

commonly associated with metabolic syndrome (MS)

and chronic alcohol consumption [25–28]. In those set-

tings, steatosis is prominently macrovacuolar, and, inter-

estingly, the degree of steatosis seems to decrease with

extension of fibrosis. Such an observation may explain

the increased prevalence of MS and its risk factors, such

as obesity and diabetes, in patients with so-called cryp-

togenic cirrhosis [29]. Morphologic features of steatohe-

patitis include clarified and ballooned hepatocytes

that may contain Mallory–Denk bodies potentially asso-

ciated with inflamatory cells (mostly lymphocytes in

MS and neutrophil polymorphs in alcoholic diseases)

(Figure 4.5).

Cirrhosis: an evolving concept

Our view of the natural history of cirrhosis has signifi-

cantly changed in recent years, and cirrhosis should no

longer be considered as the irreversible end stage of CLD.

Rather, it is a dynamic process resulting from a fine-

tuned balance between fibrogenesis and fibrolysis, and

Figure 4.4 Dysplastic changes in cirrhosis. (A) Large cell change represented by large cells containing atypical nuclei of increased

size. (B) Small cell change defined by foci of small hepatocytes with increased nuclear: cytoplasmic ratio (hematein and eosin).
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parenchymal extinction and regeneration. This concept

has been introduced in experimental models of cirrhosis

where reversibility of cirrhosis has been observed in cases

where the causative agent was removed [30]. Evidence

of regression of liver fibrosis and even cirrhosis has been

further reported in patients with CLD of various etiol-

ogies, including viral hepatitis, autoimmune hepatitis,

and alcoholic diseases [31–33]. However, the magnitude

of improvement has to be qualified because, in some

cases, regression may lead to a morphologic picture of

“incomplete septal cirrhosis” defined by thin fibrous

septa, focally incomplete, but still associated with vascu-

lar changes [34]. More recently, a study of paired pre and

post-treatment liver biopsies from patients with HCV-

related cirrhosis who achieved sustained viral response

showed both cirrhosis regression (as evaluated by Meta-

vir staging) and decreased collagen content (as evaluated

by morphometry) in 61% and 89%, respectively,

whereas no changes in sinusoidal capillarization were

observed [33]. This outlines the potentially different

mechanisms involved in the ECM remodeling according

to localization. Importantly, metabolic zonation, assessed

by glutamine synthetase and CYP2E1 expression, which

is lost in cirrhotic livers, was recovered following HCV

eradication, whereas normal lobular architecture was

not fully recovered [33].

Altogether, theclinicalandmorphologicevidencepoints

to a reconsideration of fibrosis staging, and especially

Figure 4.5 Parenchymal nodules: elementary features. (A) Iron overload in parenchymal nodules involving mainly hepatocytes with

a gradient pattern (Perls’ staining). (B) Steatohepatitis with ballooned hepatocytes containing Mallory–Denk bodies with inflamatory

cells around (mostly lymphocytes in metabolic syndrome and neutrophil polymorphs in alcoholic diseases) (hematein and eosin).

(C) Piecemeal necrosis: portal inflammation with inflammatory cells disrupting limiting plate (hematein and eosin). (D) Lobular

inflammation composed of small foci of lymphocytes between hepatic cell plates (hematein and eosin).
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staging of cirrhosis, andfinally leads to the development of

a more comprehensive approach to the assessment of

advanced chronic liver diseases [35]. Staging of fibrosis

reliesonanevaluationof severalhistologic features includ-

ing assessment of the extent of the ECM deposits, their

localizationwithin the liver lobule, and changes in lobular

architecture. These features are then integrated into a

semi-quantitative scoring system. Different scoring sys-

tems have been developed and several are widely used

in clinical practice, especially in the field of chronic viral

hepatitis for which they were initially developed [36–39].

They propose a separate grading of necro-inflammatory

lesions (including piecemeal necrosis and lobular necro-

inflammation)whichreflects theaggressivenessofdisease,

and staging of the extent of fibrosis which reflects disease

severity. The main features of the scoring systems are

reported in Tables 4.1 and 4.2.

Staging is based on a linear numerical scale, from 0 (no

fibrosis) to the highest score (4–6) for cirrhosis. It is

worthy of note that, in addition to the differences in

definition of the intermediate stages according to the

scoring systems, the Ishak system is more discriminating

for late-stage fibrosis, subdividing incomplete (stage 5)

from definite cirrhosis (stage 6) [38]. Although such a

level of accuracy in the Ishak system may impact repro-

ducibility and interobserver variability, the additional

information is useful because the degree of liver fibrosis,

including in cirrhosis, clinically affects the prognosis of

patients [40,41]. Indeed, a single-stage histologic descrip-

tion of cirrhosis becomes more and more challenged,

Table 4.1 Scoring systems used in chronic viral hepatitis: grading.

Grading systems Pathologic features Scale Overall grade

Sheuer (1991) Portal/periportal activity 0–4 Sum of individual

Lobular activity 0–4 scores (0–8)

Batts and Ludwig (1995) Piecemeal necrosis No, minimal, mild, moderate, severe Grade determined by severity of lesions

Lobular activity No, minimal, mild, moderate, severe

Ishak (1995) Piecemeal necrosis 0–4 Sum of individual

Confluent necrosis 0–6 scores (0–18)

Focal necrosis and inflammation 0–4

Portal inflammation 0–4

Metavir (1996) Piecemeal necrosis 0–3 Algorithm

Lobular necrosis 0–2 A0–A3

Table 4.2 Scoring systems used in chronic viral hepatitis: staging.

Staging

system

Sheuer (1991) Batts and Ludwig (1995) METAVIR (1996) Ishak (1995)

Stage 0 No fibrosis No fibrosis No fibrosis No fibrosis

Stage 1 Enlarged PT Portal fibrosis Portal fibrosis without

septa

Portal fibrosis of some PT with or

without short septa

Stage 2 Periportal fibrosis or

portal septa

Periportal fibrosis Portal fibrosis with rare

septa

Portal fibrosis of most PT with or

without short septa

Stage 3 Fibrosis with architectural

distorsion

Septal fibrosis with

architectural distorsion

Numerous septa

without cirrhosis

Portal fibrosis of most PT with

occasional bridging

Stage 4 Cirrhosis (probable or

definite)

Cirrhosis Cirrhosis Portal fibrosis of most PT with marked

bridging

Stage 5 — — — Incomplete cirrhosis

Stage 6 — — — Cirrhosis (probable or definite)

PT, portal tract.
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given its heterogeneity and the significant beneficial

impact of treatment in patients with advanced liver

fibrosis [42]. Taken altogether, these data support the

need to propose a more refined pathologic substaging of

cirrhosis. For that purpose, the Laënnec staging system, a

modification of theMetavir system, has been introduced,

subdividing stage 4 (F4) into three groups (4A, 4B, and

4C) according to the thickness of the fibrous septa and

the size of the nodules (Figure 4.6) [43]. Importantly, this

scoring system has been further validated, showing its

correlation with hepatic venous pressure gradient

(HPVG), clinical severity of cirrhosis, and occurrence of

liver related events, including hepatic decompensation

and HCC development [44–46].

Improvements in the staging of cirrhosis are in accord

with an increasing interest in quantifying fibrosis. Based

on digital image analysis, morphometry allows accurate

quantification of the extent of fibrosis, identified by

specific staining, as a ratio of the relative area of fibrosis

present on a whole-liver biopsy specimen [47–49]. Inter-

estingly, using such approach, it has been shown that the

progressive increase in the area of fibrosis observed with

histologic staging systems was not linear [48]. Similarly,

measurement of the collagen proportionate area (CPA)

has shown good correlation with HPVG, liver stiffness,

as evaluated by transient elastography, and accurately

predicts further liver decompensation [50–52]. As a

continuous numerical scale, morphometry is much

more sensitive to minimal variations than semi-quanti-

tative histologic scoring systems. This has been clearly

demonstrated in paired pre and post-treatment liver

biopsies in HCV cirrhotic patients showing that even in

patients with unchanged Metavir score (F4) following a

sustained viral response, a significant reduction in colla-

gen was seen [33].

Cirrhosis: a preneoplastic condition

Although a diffuse process, cirrhosis represents a hetero-

geneous condition with a wide spectrum of severity asso-

ciated with various complications, including malignant

progression. Accordingly, approximately 80% of HCC

arise on a background of advanced CLD and cirrhosis.

The preneoplastic condition is supported by a description

of dysplastic nodules and identification of significant

molecular changes in cirrhotic parenchyma, promoting

clonal expansion of hepatocytes that may subsequently

become malignant. Morphologically, different kinds of

preneoplastic nodules are described, including low and

high grade dysplastic nodules [53]. Clinical follow-up

studies demonstrated their differential rate of progression

to HCC, ranging from 26% to 69% in amean follow-up of

2.8 months [54,55]. Differential diagnosis of these nod-

ules, andespecially betweenhighgradedysplatic andearly

HCC, basedonarchitectural andcytologic features,maybe

difficult [53]. Molecular studies, using transcriptomics,

identifying differential RNA profile expression between

dysplastic nodules and HCC, provided several surrogate

phenotypical diagnostic markers of HCC [56–59]. Among

Figure 4.6 Laënnec staging. Substaging of cirrhosis is based on thickness of the fibrous septa and size of the parenchymal nodules.

(A) Thin septa surrounding large sized nodules. (B) Thicker fibrous septa surrounding smaller nodules (hematein and eosin).
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them, a panel composed of glypican 3, heat shock protein

70, and glutamine synthetase has demonstrated its per-

formance in the positive diagnosis of early HCC (<2 cm),

even in biopsy specimens [60,61].

Similarly to morphologic heterogeneity, cirrhotic tis-

sue is made up of a mixture of poly- and monoclonal

parenchymal nodules randomly distributed throughout

the liver [62,63]. Theoretically, onlymonoclonal nodules

would have the potential to progress to HCC. Although

the diagnosis of such monoclonal nodules will certainly

help to identify patients with a higher risk of malignant

progression, no reliable marker has been validated so far

in clinical practice. Histologically, clonal status has been

shown to be associated with size, presence of iron over-

load, and LCC [63]. Molecularly, progressive decrease in

LYVE1 mRNA expression was observed from poly- to

monoclonal nodules and overt small HCC [64]. Indepen-

dently of macronodules, cirrhotic parenchyma harbours

an intrinsic potential to develop malignancy. Whereas

LCC is associatedwith further development of HCC, as an

independent risk factor, SCC, by sharing genetic alter-

ations with HCC, is considered as a preneoplastic lesion.

In addition, the potential involvement of hepatic pro-

genitor cells is suggested in liver carcinogenesis given

their increased occurrence along the process of CLD [65].

Interestingly, the presence of intermediate hepatobiliary

cells in patients with HCV-related cirrhosis, as evaluated

by cytokeratin 7 immunostaining in liver biopsy speci-

mens, has shown to be an independent risk factor for

developing HCC in multivarite analysis [66]. Finally,

molecular analysis of cirrhotic tissue identified a poor

prognostic signature associated with late recurrence of

HCC and overall survival [67].

Replicative senescence, a physiologic process associ-

ated with progressive erosion of telomeres, is induced in

several human diseases characterized by fibrosis, includ-

ing in the liver [68]. Thus, in patients with chronic HCV-

related hepatitis, the number of senescent cells gradually

increases with fibrosis progression and is correlated with

the presence of HCC, in which telomerase expression is

induced [69,70]. More recently, telomere dysfunctions

related to genetic mutations in some components of the

telomerase complex have been isolated as risk factors for

cirrhosis [71]. In the multistep pathway of liver carcino-

genesis, chronic inflammation, ECM remodeling, and

hepatocellular regeneration are intimately connected

and may result, according to the nature of the etiologic

trigger, in genetic alterations. For instance, alterations of

microsatellites in genomic DNA have been reported in

cirrhotic tissue, with increased frequency in cirrhosis

associated with HCC [72].

Although HCC is the main primary malignancy occur-

ing on a background of cirrhosis, cirrhosis also increases

the risk for developing cholangiocarcinoma (CC). In that

setting, cirrhosis is mainly observed in patients with

chronic inflammatory biliary diseases, including primary

sclerosing cholangitis.

Cirrhosis: a place for biopsy?

As diagnosis of cirrhosis relies on a panel of complemen-

tary features, based on clinical, biologic, andmorphologic

tools, and given the relative invasiveness of the biopsy,

indications of biopsy are limited. Indeed, significant

advances in the noninvasive diagnosis of fibrosis, pro-

vided either by physical (such as liver stiffness using

transient elastography) or biochemical approaches,

have challenged the place of biopsy [73]. Importantly,

such techniques are more accurate in detecting advanced

stages of fibrosis or cirrhosis, and, among them, transient

elastography has been shown to have a higher level of

perfomance than biochemical assays. Therefore, in the

setting of HCV infection, an algorithm combining non-

invasive methods is currently proposed.

Although liver biopsy has been considered as the

reference standard for assessing fibrosis, cirrhosis hetero-

geneitymay negatively impact on its performance, which

is mainly dependent on sample size. It is admitted that a

2–3 cm length biopsy with at least 11 portal tracts is

required [48,74]. However, the increased prevalence

of comorbidities in patients with CLD, especially with

the rising incidence of MS worldwide, may encourage

the a more complete morphologic picture of liver

changes to be obtained in order to offer better manage-

ment to the patient. Finally, as a preneoplastic condition

per se, histologic analysis of cirrhosis could potentially

provide valuable information in the near future.

References

1 Anthony PP, Ishak KG, Nayack NC, Poulsen HE,

Scheuer PJ, Sobin LH. The morphology of cirrhosis: defini-

tion, nomenclature and classification. Bull World Heath

Organ 1977;55:521–40.

42 Chapter 4



2 Crawford JM. Liver cirrhosis. In MacSween RNM, Burt AD,

Portmann BC, et al (eds). Pathology of the Liver, 4th edn.

London, England: Churchill Livingston; 2002. pp. 575–619.

3 Schuppan D. Structure of the extracellular matrix in normal

and fibrotic liver: collagens and glycoproteins. Semin Liver

Dis 1990;10:1–10.

4 Gressner AM. Hepatic fibrogenesis: the puzzle of interacting

cells, fibrogenic cytokines, regulatory loops and extracellular

matrix molecules. Z Gastroenterol 1992;30:5–16.

5 Rojkind M, Giambrone MA, Biempica L. Collagen types in

normal and cirrhotic liver. Gastroenterology 1985;76:710–9.

6 Schaffner F, Popper H. Capillarization of the sinusoids in

man. Gastroenterology 1963;44:239–42.

7 Zipfel WR, Williams RM, Webb WW. Nonlinear magic:

multiphoton microscopy in the biosciences. Nat Biotechnol

2003;21:1369–77.

8 Gailhouste L, Le Grand Y, Odin C, et al. Fibrillar collagen

scoring by second harmonic microscopy: a new tool in the

assessment of liver fibrosis. J Hepatol 2010;52:398–406.

9 Li D, Friedman S. Liver fibrogenesis and the role of hepatic

stellate cells: new insights and prospects for therapy. J Gas-

troenterol Hepatol 1999;14:618–33.

10 Friedman SL. Hepatic stellate cells. Prog Liver Dis

1996;14:101–30.

11 Bedossa P. The cell origin of extracellular matrix proteins.

J Hepatol 1993;19:1–3.

12 Friedman S. Cytokines and fibrogenesis. Semin Liver Dis

1999;19:129–40.

13 Paradis V, Dargère D, Vidaud M, et al. Expression of connec-

tive tissue growth factor in experimental rat and human liver

fibrosis. Hepatology 1999;30:968–76.

14 RussoMW, Firpi RJ, Nelson DR, Schoonhoven R, Shrestha R,

Fried MW. Early hepatic stellate cell activation is associated

with advanced fibrosis after liver transplantation in recipients

with hepatitis C. Liver Transpl 2005;11:1235–41.

15 Pinzani M, Rombouts K. Liver fibrosis: from the bench to

clinical targets. Dig Liver Dis 2004;36:231–42.

16 Fernández M, Semela D, Bruix J, Colle I, Pinzani M, Bosch J.

Angiogenesis in liver disease. J Hepatol 2009;50:604–20.

17 Thabut D, Shah V. Intrahepatic angiogenesis and sinusoidal

remodelling in chronic liver disease: new targets for the

treatment of porta hypertension. J Hepatol 2010;53:976–80.

18 Taura K, De Minicis S, Seki E, et al. Hepatic stellate cells

secrete angiopoietin 1 that induces angiogenesis in liver

fibrosis. Gastroenterology 2008;135:1729–38.

19 Tugues S, Fernandez-Varo G, Munoz-Luque J, et al. Anti-

angiogenic treatment with sunitinib ameliorates inflamma-

tory infiltrate, fibrosis, and portal pressure in cirrhotic rats.

Hepatology 2007;46:1919–26.

20 Kim H, Oh BK, Roncalli M, et al. Large liver cell change in

hepatitis-B virus-related liver cirrhosis. Hepatology

2009;50:752–62.

21 Hitiroglou P. Morphological changes of early human hep-

atocarcinogenesis. Semin Liver Dis 2004;24:65–75.

22 Chang O, Yano Y, Masuzawa A, Fukushima N, Teramura K,

Hayashi Y. The cytological characteristics of small cell change

of dysplasia in small hepatic nodules. Oncol Rep

2010;23:1229–32.

23 23- Ludwig J, Hashimoto E, Porayko MK, Moyer TP, Baldus

WP. Hemosiderosis in cirrhosis: a study of 447 native livers.

Gastroenterology 1997;112:882–8.

24 Turlin B, Deugnier Y. Evaluation and interpretation of iron in

the liver. Semin Diagn Pathol 1998;15:237–45.

25 McSween RN, Burt AD. Histologic spectrum of alcoholic liver

disease. Semin Liver Dis 1986;6:221–32.

26 26- Burt AD, Mutton A, Day CP. Diagnosis and interpreta-

tion of steatosis and steatohepatitis. Semin Diagn Pathol

1998;15:246–58.

27 Ludwig J, Viggiano TR, McGill DB, Oh BJ. Non-alcoholic

steato-hepatitis: Mayo Clinic experiences with a hitherto

unnamed disease. Mayo Clin Proc 1980;55:434–8.

28 Brunt EM. Non-alcoholic steatohepatitis: definition and

pathology. Semin Liver Dis 2001;21:3–16.

29 Bugianesi E, Leone N, Vanni E, et al. Expanding the natural

history of nonalcoholic steatohepatitis: from cryptogenic

cirrhosis to hepatocellular carcinoma. Gastroenterology

2002;123:134–40.

30 Iredale JP, Benyon RC, Pickering J, et al. Mechanisms of

spontaneous resolution of rat liver fibrosis: hepatic stellate

cell apoptosis and reduced hepatic expression of metallopro-

teinase inhibitors. J Clin Invest 1998;102:538–49.

31 Poynard T, McHutchison J, Manns M, et al. Impact of

pegylated interferon alfa-2b and ribavirin on liver

fibrosis in patients with chronic hepatitis C. Gastroenterology

2002;122:1303–13.

32 George SL, Bacon BR, Brunt EM, Mihindukulasuriya KL,

Hoffmann J, Di Bisceglie AM. Clinical, virologic, histologic,

and biochemical outcomes after successful HCV therapy.

Hepatology 2009;49:729–38.

33 D’Ambrosio R, Aghemo A, Rumi AG, et al. A morphometric

and immunohistochemical study to assess the benefit of a

sustained virological response in hepatitis C virus patients

with cirrhosis. Hepatology 2012;56:532–43.

34 Wanless IR, Nakashima E, ShermanM. Regression of human

cirrhosis: morphologic features and the genesis of incomplete

septal cirrhosis. Arch Pathol Lab Med 2000;124:1599–607.

35 Hytiroglou P, Dale CS, Alves V, et al. Beyond “cirrhosis”: a

proposal from the international Liver Pathology Study

Group. Am J Clin Pathol 2012;137:5–9.

36 Sheuer PJ. Classification of chronic viral hepatitis: a need for

reassessment. J Hepatol 1991;13:372–4.

37 Batts KP, Ludwig J. Chronic hepatitis: an update on termi-

nology and reporting. Am J Surg Pathol 1995;19:1409–17.

38 Ishak K, Baptista A, Bianchi L, et al. Histological grading and

staging of chronic hepatitis. J Hepatol 1995;22:696–9.

39 Bedossa P, Poynard T. An algorithm for the grading of activity

in chronic hepatitis C: The METAVIR Cooperative Study

Group. Hepatology 1996;24:289–93.

Histology/pathology 43



40 D’Amico G, Garci-Tsao G, Pagliaro L. Natural history and

prognostic indicators of survival in cirrhosis: a systematic

review of 118 studies. J Hepatol 2006;44:217–31.

41 Nagula S, Jain D, Groszmann RJ, Garcia-Tsao G. Histological-

hemodynamics correlations in cirrhosis: a histological classi-

fication of the severity of cirrhosis. J Hepatol 2006;44:111–7.

42 Garcia-Tsao G, Friedman S, Iredale J, Pinzani M. Now there

are many (stages) where before there was one: in search of a

pathophysiological classification of cirrhosis. Hepatology

2010;51:1445–9.

43 Kutami RGN, Girgrah N, Wanless IR, et al. The Laennec

grading system for assessment of hepatic fibrosis: validation

by correlation with wedged hepatic vein pressure and clinical

features. Hepatology 2000;32:407A.

44 Kim MY, Cho MY, Baik SK, et al. Histological sub-

classification of cirrhosis using the Laennec fibrosis scoring

system correlates with clinical stage and grade of portal

hypertension. J Hepatol 2011;55:1004–9.

45 Kim SU, Oh HJ, Wanless IR, Lee S, Han KH, Park YN. The

Laennec staging system for histological sub-classification of

cirrhosis is useful for stratification of prognosis in patients

with liver cirrhosis. J Hepatol 2012;57:556–63.

46 Rastogi A, Maiwall R, Bihari C, et al. Cirrhosis histology and

Laennec staging system correlate with high portal pressure.

Histopathology 2013;62:731–41.

47 Pilette C, Rousselet MC, Bedossa P, et al. Histopathological

evaluation of liver fibrosis: quantitative image analysis vs

semi-quantitative scores. J Hepatol 1998;27:1–8.

48 Bedossa P, Dargère D, Paradis V. Sampling variability of liver

fibrosis in chronic hepatitis C. Hepatology 2003;38:1449–57.

49 Caballero T, Perez-Milena A, Masseroli M, et al. Liver fibrosis

assessment with semiquantitative indexes and image analy-

sis quantification in sustained-responder and non-responder

interferon-treated patients with chronic hepatitis C. J

Hepatol 2001;34:740–7.

50 Calvaruso V, Burroughs AK, Dhillon AP, et al. Computer-

assisted image analysis ofliver collagen: relationship to Ishak

scoring and hepatic venous pressure gradient. Hepatology

2009;49:1236–44.

51 Sethasine S, Jain D, Groszmann RJ, Garcia-Tsao G. Quanti-

tative histological-hemodynamic correlations in cirrhosis.

Hepatology 2012;55:1146–53.

52 Isgro G, Garcovich M, Luong TV, et al. Collagen proportion-

ate area: the most appropriate index to correlate with tran-

sient elastography. Hepatology 2010; 52(Suppl): 411A.

53 International Consensus Group for Hepatocellular Neoplasia:

The International Consensus Group for Hepatocellular Neo-

plasia. Pathologic diagnosis of early hepatocellular carci-

noma: a report of the international consensus group for

hepatocellular neoplasia. Hepatology 2009;49:658–64.

54 Borzio M, Fargion S, Borzio F, et al. Impact of large regener-

ative, low grade and high grade dysplastic nodules in hepa-

tocellular carcinoma development. J Hepatol 2003;39:

208–14.

55 Kobayashi M, Ikeda K, Hosaka T, et al. Dysplastic nodules

frequently develop into hepatocellular carcinoma in

patients with chronic viral heopatitis and cirrhosis. Cancer

2006;106:636–47.

56 Paradis V, Bièche I, Dargère D, et al. Molecular profiling of

hepatocellular carcinomas (HCC) using a large-scale real-

time RT-PCR approach: determination of a molecular diag-

nostic index. Am J Pathol 2003;163:733–41.

57 LlovetJM,ChenY,WurmbachE,etal.Amolecular signature to

discriminate dysplastic nodules from early hepatocellular car-

cinoma inHCV cirrhosis. Gastroenterology 2006;131:1758–67.

58 Wang XY, Degos F, Dubois S, et al. Glypican-3 expression

in hepatocellular tumors: diagnostic value for preneo-

plastic lesions and hepatocellular carcinomas. Hum

Pathol 2006;37:1435–41.

59 Libbrecht L, Severi T, Cassiman D, et al. Glypican-3 expres-

sion distinguishes small hepatocellular carcinomas from cir-

rhosis, dysplastic nodules, and focal nodular hyperplasia-like

nodules. Am J Surg Pathol 2006;30:1405–11.

60 Di Tommaso L, Franchi G, Park YN, et al. Diagnostic value of

HSP70, Glypican 3 and Glutamine synthetase i hepato-

cellular nodules in cirrhosis. Hepatology 2007;45:725–34.

61 Di Tommaso L, Destro A, Seok JY, et al. The application of

markers (HSP70 GPC3 and GS) in liver biopsies is useful for

detection of hepatocellular carcinoma. J Hepatol

2009;50:746–54.

62 ParadisV, Laurendeau I, VidaudM,Bedossa P. Clonal analysis

of macronodules in cirrhosis. Hepatology 1998;28:953–8.

63 Paradis V, Dargère D, Bonvoust F, et al. Clonal analysis of

micronodules in virus C-induced liver cirrhosis using laser

capture microdissection (LCM) and Humara Assay. Lab

Invest 2000;80:1553–9.

64 Colombat M, Paradis V, Bièche I, et al. Quantitative RT-PCR

in cirrhotic nodules reveals gene expression changes associ-

ated with liver carcinogenesis. J Pathol 2003;201:260–7.

65 Roskams T, Kojiro M. Pathology of early hepatocellular

carcinoma: conventional and molecular diagnosis. Semin

Liver Dis 2010;30:17–25.

66 Ziol M, Nault JC, Aout M, et al. Intermediate hepatobiliary

cells predict an increased risk of hepatocarcinogenesis in

patients with hepatitis C virus-related cirrhosis. Gastroenter-

ology 2010;139:335–43.

67 Hoshida Y, Villanueva A, Kobayashi M, et al. Gene expres-

sion in fixed tissues and outcome in hepatocellular carci-

noma. N Engl J Med 2008;359:1995–2004.

68 Calado RT, Young NS. Telomere diseases. N Engl J Med

2009;361:2353–65.

69 Paradis V, Youssef N, Dargère D, et al. Replicative senescence

in normal liver, chronic hepatitis C, and hepatocellular

carcinoma. Hum Pathol 2001;32:327–32.

70 Youssef N, Paradis V, Ferlicot S, Bedossa P. In situ detection of

telomerase enzymatic activity in hepatocellular carcinoma,

cirrhosis, chronic hepatitis and normal liver. J Pathol

2001;194:459–65.

44 Chapter 4



71 Calado RT, Brudno J, Mehta P, et al. Constitutional telome-

rase mutations are genetic risk factors for cirrhosis. Hepatol-

ogy 2011;53:1600–7.

72 Nagai H, Emi M, Terada Y, et al. DNA alterations during

multi-step development of human hepatocellular carcino-

mas revealed by laser capture microdissection. Hepatol Res

2003;26:199–208.

73 Castera L. Noninvasive methods to assess liver disease in

patients with hepatitis B or C. Gastroenterology 2012;

142:1293–302.

74 Colloredo G, Guido M, Sonzogni A, Leandro G. Impact of

liver biopsy size on histological evaluation of chronic viral

hepatitis: the smaller the sample, the milder the disease. J

Hepatol 2003;39:239–44.

Histology/pathology 45



CHAPTER 5

Fibrosis and fibrogenesis
Namiki Izumi,1 Nobuharu Tamaki,1 Yasuhiro Asahina,2 and Masayuki Kurosaki1

1Department of Gastroenterology and Hepatology, Musashino Red Cross Hospital, Tokyo, Japan
2Department of Hepatitis Investigation, Tokyo Medical and Dental University, Tokyo, Japan

Introduction

Cirrhosis is derived from advanced fibrosis of the liver

caused by hepatitis B or C virus infection, autoimmune

liver disease, alcoholic or metabolic disorders. To prevent

the development of cirrhosis, it is important to be able to

predict the degree of the fibrosis of the liver and prevent

its progression. Recently, remarkable progress has been

made in estimating the degree of hepatic fibrosis and in

understanding the importance of a single-nucleotide

polymorphism involved in the progression of fibrosis.

Understanding the mechanism of fibrogenesis is funda-

mental to preventing the progression to cirrhosis.

Mechanism of liver fibrosis in
hepatitis B and C

Liver fibrosis arises from a variety of factors including

hepatitis B and C viruses (HBV andHCV), autoimmunity,

alcohol, andmetabolic abnormalities such as steatosis [1].

The degree of fibrosis is assessed by liver biopsy, and

classified according to international standards [2]. The

mechanism of development of fibrosis differs for HBV

and HCV and a frequent problem that needs to be

addressed is how to assess liver fibrosis without the

need for a liver biopsy.

Fundamentally, in both HBV and HCV infections,

fibrosis develops in areas of necrosis. Differences

between these mechanisms of fibrosis were analyzed

and when phospho-Smad 2 staining was performed, a

correlation between the amount of staining and the stage

of fibrosis was observed in steatosis, steatohepatitis, and

hepatitis B, but no such relationship was found for

hepatitis C. On the other hand, interleukin 13 (IL-13)

immunostaining was correlated with the stage of fibrosis

in steatosis, steatohepatitis and in hepatitis C, while there

was no such relationship with hepatitis B [3]. This is

believed to illustrate one of the differences in the mech-

anisms of fibrosis. Transforming growth factor β (TGF-β)

and IL-13 signaling differs depending on the cause of the

liver fibrosis: TGF-β1 predominance is associated with

HBV-related liver fibrogenesis, while IL-13 predomi-

nance is detected in HCV infection. In addition, an

increase in natural killer T cells was seen in a study of

HBV using transgenic mice and this is considered to be

the mechanism that triggers the activation of fat-storing

cells (FSCs) in the liver, leading to liver fibrosis [4].

On the other hand, there are numerous reports of liver

fibrosis arising from HCV infection. It has been shown

that HCV produces reactive oxygen species, inducing

TGF-β1 and causes liver fibrosis to occur [5]. It also

has been shown by a meta-analysis that steatosis is an

independent risk factor for liver fibrosis in cases of HCV

infection [6]. In nonalcoholic steatohepatitis and HCV

infection, hepatic insulin signaling is impaired and down-

regulation of insulin-sensitive targets is observed; this has

been shown to be associated with apoptosis and fibro-

genesis [7]. In an Asian study, hepatic fibrosis was also

found to be associated with insulin resistance based on a

homeostatic model assessment of insulin resistance in

infections with HCV genotypes 2 and 3 [8]. In HCV

infection, 25-hydroxyvitamin D blood levels are low

and cytochrome P27A1, a liver 25-hydroxylating

enzyme, correlates with 25-hydroxyvitamin D serum

levels, which are said to be associated with liver

fibrosis [9].
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Diagnosis of liver fibrosis
by imaging

FibroScan, a transient elastography tool developed and

produced by Echosens (Paris, France), was introduced in

2005 as a method for assessing the progression of liver

fibrosis [10]. This method uses a thin cylindrical probe

placed close to the liver to send a 1-period 50-Hz shear

wave through the surface of the body to the liver and

measure the propagation velocity [11]. Later, advances

were made with the development of devices that mea-

sure liver stiffness using abdominal ultrasound. Virtual

Touch Tissue Quantification (VTTQ) developed by Sie-

mens AG (Munich, Germany), is amethod formeasuring

tissue stiffness from a shear wave generated by an acous-

tic radiation force impulse (ARFI) with a 300-μs push

pulse and measurement of the propagation veloc-

ity [12,13]. Acoustic Structure Quantification (ASQ)

(Toshiba, Tokyo, Japan) was established from echoge-

nicity distribution within the region of interest of the

liver, a mean value was calculated, and expressed as liver

stiffness. An example of measurement of liver stiffness

using ASQ is shown in Figure 5.1.

Although the gold standard for the diagnosis of liver

fibrosis is liver biopsy, there are associated risks of com-

plications and it cannot be repeatedly performed. Sam-

pling errors and diagnostic mistakes by pathologists also

are problematic [14,15]. Measuring liver stiffness is one

way to resolve these problems. The relationship between

liver fibrosis and HCV can be shown with the FibroScan

tool, which can be used to diagnose F3 and F4 advanced

cases of fibrosis [16]. However, liver stiffness measure-

ments are uninterpretable in nearly one in five cases

because of obesity, increased waist circumference, or

operator inexperience [17].

Diagnosis of liver fibrosis by
laboratory tests

Links to liver fibrosis have been reported for the results of

blood tests that can be clinically measured. For example,

links between the aspartate aminotransferase : alanine

aminotransferase (AST :ALT) ratio [18] and AST : plate-

let ratio index [19,20] and liver fibrosis have been

observed and are reported to be clinically useful. The

FibroTest blood marker test (BioPredictive, Paris,

France), a combination of basic serum markers such as

α2-globulin, gammaglobulin, and apolipoprotein, has

been reported to be useful for inferring liver fibro-

sis [21,22]. On the other hand, the FIB-4 index, which

is calculated based only on age, AST, ALT, and platelet

counts measured by general clinical laboratory tests, is

reportedly useful for reflecting advanced F3–F4 liver

fibrosis: when the FIB-4 score is less than 1.45, the

negative predictive value for F3–F4 is 90% and when

the FIB-4 score is greater than 3.25, the positive predic-

tive value for F3–F4 is 80% [23,24]. It has been shown

that these noninvasive markers of liver fibrosis are useful

for predicting liver-related mortality [25] and the occur-

rence of hepatocellular carcinoma [26]. The FIB-4 index

was evaluated in patients who underwent liver

biopsy and a positive correlation was noted as shown

in Figure 5.2. However, there is overlap among F2, F3,

and F4. When we investigated the relationship between

FIB-4 and the progression of liver fibrosis in patients with

chronic HCV infection who had undergone two or more

liver biopsies, we found a good correlation and therefore

believe that this is a good index for estimating prognosis

and evaluating the therapeutic effect of interferon

(Figure 5.3) [27]. On the other hand, APRI score, which

is calculated as (AST/ULN)/platelet (109/L) was shown to

correlated with the fibrosis stage, but there are overlaps

between F3 and F4 (Figure 5.4).

From these results, a diagnostic algorithm for fibrosis of

the liver in patients with chronic HCV infection, without

liver biopsy, was produced and is shown in Figure 5.4.

Seventy-five per cent of patients with a FIB-4 index of 3

or greater, and ASQ score 120 or greater, are estimated

Figure 5.1 Measurement of liver stiffness using acoustic

radiation force impulse. The region of interest is established by

abdominal ultrasound and the stiffness of this site can be

measured.
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Figure 5.2 The relationship between FIB-4 index score and

liver fibrosis in patients with chronic hepatitis C virus infection

who had undergone two liver biopsies. (Tamaki et al.

2012 [27]. Reproduced with permission of John Wiley & Sons.)
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Figure 5.3 The relationship between FIB-4 and the progression

of liver fibrosis in patients with chronic hepatitis C virus

infection who had undergone two or more liver biopsies. There

was a good correlation and FIB-4 is likely to be a good index for

estimating prognosis and evaluating the therapeutic effect of

interferon (Tamaki et al. 2012 [27]. Reproduced with

permission of John Wiley & Sons.)
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to have stage F3–F4 fibrosis. Only 5%of the patients with

an FIB-4 index below 3, and ASQ score less than 120, are

predicted to have advanced fibrosis stage of F3–F4. Thus,

fibrosis stage was estimated with 89% accuracy without

liver biopsy in 53% of the patients with chronic HCV

infection.

Cell types involved in liver fibrosis

With long-term liver damage, hepatocyte loss and/or

necrosis and regeneration repeat persistently. Cells

involved in the inflammatory response aggregate in areas

of necrosis, and an extracellular matrix composed pri-

marily of type I collagen is generated and grows. If

inflammation is transient, the remaining hepatocytes

regenerate and proliferate, the collagen degenerates,

fiber-producing cells go into apoptosis, and the tissue

recovers. However, if liver damage is prolonged, the

balance between hepatocellular necrosis and regenera-

tion is disrupted and fibers are deposited and accumulate

in the necrotic tissue. FSC are believed to be the cells

primarily responsible for synthesizing fiber in the liver.

Close interactions among activated Kupffer cells and

damaged hepatocytes in the vicinity, platelets and sinus-

oidal endothelial cells, and bile duct epithelial cells have

an important role in the activation of FSCs; monocytes

circulating in the blood are also reported to be involved.

FSCs, myofibroblasts, and fibrocytes contribute to the

production of collagen in the liver. It has been shown that

the origin of collagen production differs in FSCs and

myofibroblasts. Specifically, it has been reported that

portal myofibroblasts present in the portal region react

differently to specific markers and apoptosis stimulation

than to FSCs [28]; it also has been shown that bile duct

epithelial cells and hepatocytes are converted to myofi-

broblasts via epithelial–mesenchymal transition [29,30].

In addition, bone marrow-derived cells and fibrocytes in

the bloodstreammay adhere to the liver and differentiate

into FSCs [31].

FSCs are located in the space of Disse, a gap between a

sinusoid and a hepatic cord, and with the cell body in

contact with sinusoidal endothelial cells. Branch-like

protrusions extend from FSCs and wrap around the

sinusoidal endothelial cells; the other side of the cell

body being in contact with hepatocytes. FSCs function

as liver-specific pericytes and regulate the sinusoidal

microcirculation by contracting and relaxing in response

to exposure to vasoactive mediators such as endothelin,

nitric oxide, and carbon monoxide. It has been shown

that FSCs produce osteopontin, an oxidative stress-

induced cytokine, and that FSCs may change to a profi-

brogenic phenotype and enhance the production of

collagen-1 [32]. Consequently, it is possible that osteo-

pontin promotes the production of collagen-1 as a key

cytokine of the extracellular matrix and contributes to

liver fibrosis and scarring.

If the liver is damaged, the function andmorphology of

the FSCs are dramatically altered, the traits of the cells are

changed to those of myofibroblasts, which have different

properties, and these cells are regarded as activated

FSCs [33]. Specifically, FSCs are activated through a

receptor-dependent signaling cascade by TGF-β1 and

platelet-derived growth factor secreted by aggregated

platelets and macrophages derived from monocytes,

and Kupffer cells activated by local inflammation of

the liver.

In activated FSCs, stored vitamin A is lost and levels

decrease, desmin (a cytoskeletal protein) and α-smooth

muscle actin increase, enhancing their contractile capa-

bility and producing excessive quantities of extracellular

matrix materials, mainly type I collagen. When FSCs are

activated, latent TGF-β1 is generated; this is activated by

plasminogen activator/plasmin, enhancing the auto-

crine-like production of type I collagen. In addition,

tissue inhibitor matrix of metalloproteinases, which
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Figure 5.5 Diagnostic algorithm for advanced fibrosis with F3

and F4 by FIB-4 index and Acoustic Structure Quantification

(ASQ). Seventy-five per cent of patients with a FIB-4 index of

3 or greater, and ASQ score of 120 or greater, were estimated

to have the stage of F3–F4 fibrosis. Only 5% of patients with a

FIB-4 index below 3 and ASQ score less than 120 were

predicted to have the advanced fibrosis at stage of F3–F4. Thus,

fibrosis stage was estimated with 89% accuracy in 53% of the

patients with chronic hepatitis C without liver biopsy.
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are collagenase inhibitors, are produced and inhibit the

breakdown of the extracellular matrix and accumulate

locally in the tissues. Tissue inhibitor matrix of metal-

loproteinase-1 contributes to the continuous FSC activa-

tion because it inhibits the apoptosis of FSCs [34].

However, the involvement of immunity in FSC acti-

vation also has been analyzed and it has been shown that

in HCV infection, fibrosis may be induced when FSCs are

activated by the phagocytosis of lymphocytes [35].When

the role of ghrelin was investigated in rats administered

CCl4 or subjected to bile duct ligation, fibrosis was inhib-

ited by the administration of recombinant ghrelin, myo-

fibroblast accumulation decreased, and the fibrogenic

properties of FSC were reduced [36]. Based on these

findings, it may be possible to use ghrelin as an antifi-

brotic therapy.

Genes involved in liver fibrosis

CXCL1, a ligand for CXC chemokine-receptor 2 which is

expressed on FSCs, is believed to be involved in FSC

activation and an analysis has been carried out to deter-

mine whether CXCL1 rs4074 polymorphism is linked to

the expression of CXCL1 and the progression of liver

fibrosis in chronic HCV infection. The results indicated a

high frequency of the A allele in type C hepatic cirrhosis

and that this is a risk factor for liver fibrosis [37].Whether

a single-nucleotide polymorphism of the antizyme inhib-

itor (AzI) gene is involved in slow fibrosis progression

was investigated separately. A novel splice variation was

found whereby a single-nucleotide polymorphism of the

AZIN1 gene regulates FSC liver fibrosis [38].

Onset and progression of
liver fibrosis

Cytokines (chemokines) derived from nearby cell groups,

oxidative stress, and mediators that produce FSCs them-

selves are involved in FSCactivation aswell as in the onset

and progression of liver fibrosis. Injured hepatocytes are a

source of lipid peroxide and excess reactive oxygen species

produced by mitochondria in hepatocytes as well as pro-

teins and cellular membranes from injured hepatocytes

become FSC activating factors [39,40]. In addition, if

bivalent iron (Fe2+) overaccumulates in hepatocytes, it

has a potent oxidative effect due to the Fenton reaction

and produces OH radicals, which induce hepatocellular

apoptosis and enhance fibrosis via FSC activation. TGF- β,

TGF-α, insulin-like growth factor and binding proteins,

hepatocyte growth factor, vascular endothelial growth

factor, and IL-6 are believed to be cytokines derived

from hepatocytes. However, Kupffer cells, which are

hepatic macrophages, also produce various inflammatory

cytokines. Kupffer cells are indigenous macrophages that

adhere to sinusoidal endothelial cells on the inside of a

sinusoid and phagocytose or process foreign bodies com-

ing from the digestive track and primarily contained in the

portal vein, as well as waste products produced in the

body. Kupffer cells are activated by oxidative stress in a

liver disorder and by endotoxins derived from enterobac-

teria via toll-like receptor 4 and CD14 [41]. Chemokines

derived from Kupffer cells also have an important role.

Activated Kupffer cells produce platelet-derived growth

factor and TGF-β and these induce FSC activation.

Regulation and treatment of
liver fibrosis

Liver fibrosis is initiated by the overaccumulation of

extracellular matrix materials in the parenchyma, pri-

marily type I collagen produced by activated FSCs. Con-

sequently, inhibiting the production and promoting the

breakdown of the extracellular matrix based on inhibit-

ing or eliminating FSC activation is considered to be

effective for treating liver fibrosis. Inhibiting FSC growth

and activation and inhibiting collagen production have

been discussed.

Interferon (IFN) inhibits the activation of FSCs in vitro

and in vivo. IFN-γ alone inhibits the expression of smooth

muscle α-actin and cell contraction observed using the

collagen gel method. The inhibitory effect of IFN-α and

IFN-β on FSC growth facilitates the induction of FSC

apoptosis. It has been reported that the FSC activity that

promotes collagen gene expression is inhibited by IFN-α

and IFN-γ, and that the intracellular signaling factors

phosphorylated Stat-1 and p300 contribute to this

effect [42].

Recently, clinical tests of antifibrosis therapies have

been conducted using the angiotensin II blockers can-

desartan and irbesartan [43,44]. There are already

many angiotensin-converting enzyme inhibitors and

angiotensin I receptor antagonists that are used as anti-

hypertensive drugs. Human and rodent FSCs express
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components of the renin–angiotensin system [45] and it

has been shown in an animal model that the use of these

inhibitors regulates FCS activation and fibrosis.

The recent development of molecular target drugs for

various types of malignant tumors has been remarkable.

Angiogenic inhibitors (such as sorafenib), which are

substances that block receptor-dependent Raf-MEK-

ERK signaling to growth factors such as vascular endo-

thelial growth factor and epidermal growth factor, inhibit

the angiogenesis of cells composing the stroma that

nourishes liver cancer [46]. In the fibrous septa of a

fibrotic liver, not only is there growth of activated

FSCs and myofibroblast-like cells, but angiogenesis

also occurs along the septa. As a result, it is likely that

tumor suppression itself has an antifibrotic dimension. In

the future, it will be necessary to consider inhibiting liver

fibrosis with molecular target drugs.
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CHAPTER 6

Non-invasive diagnosis tests
Laurent Castera
Department of Hepatology, Hopital Beaujon, Assistance Publique-Hôpitaux de Paris, INSERM U773, Clichy, France

Introduction

Prognosis and management of chronic liver diseases

greatly depend on the amount and progression of liver

fibrosis. Formany years, liver biopsy has been considered

the “gold standard” for evaluation of hepatic fibrosis [1].

However, liver biopsy is an invasive procedure with

rare but potentially life-threatening complications and

prone to sampling errors. These limitations as well as

the availability of powerful viral tools and new antiviral

drugs have rapidly decreased the use of liver biopsy in

viral hepatitis and led to the development of noninvasive

methodologies for the assessment of fibrosis. Among

the currently available noninvasive methods, there are

two distinct approaches: (i) a “biologic” approach based

on the dosage of serum biomarkers of fibrosis; (ii) a

“physical” approach based on the measurement of liver

stiffness using transient elastography (TE) [2]. Although

complementary, these two approaches are based on

differing rationale and conception: TE measures liver

stiffness related to elasticity, which corresponds to a

genuine and intrinsic physical property of liver paren-

chyma, whereas serum biomarkers are combinations of

several not strictly liver-specific blood parameters opti-

mized to mimic fibrosis stages as assessed by liver

biopsy [3].

This chapter reviews the different methods that are

currently available for the noninvasive evaluation of

cirrhosis and also discusses their advantages and

inconveniences for the management of patients with

chronic liver disease.

Biologic approach: serum
biomarkers of liver fibrosis

Currently available serum biomarkers

Many serum biomarkers have been evaluated for their

ability to determine stage of liver fibrosis, mainly in

patients with chronic hepatitis C virus infection (for

review see [4,5]). Among the proposed markers, the

so-called direct markers reflect the deposition or removal

of extracellular matrix in the liver. These include glyco-

proteins such as serum hyaluronate, laminin, and

YKL-40, collagens such as procollagen III N-peptide

and type IV collagen, collagenases, and their inhibitors

such as matrix metalloproteases and tissue inhibitory

metalloprotease-1. So-called indirect markers include

factors that can be measured in routine blood tests,

such as the prothrombin index, platelet count, and ratio

of aspartate aminotransferase to alanine amino-

transferase (AST : ALT), which indicate alterations in

hepatic function. Results from measurements of direct

and indirect markers can be combined and used in

diagnosis; the FibroTest (BioPredictive, Paris, France)

was the first algorithm that combined these data [6].

Several other scores [7–16] have been proposed – four

are protected by patents and commercially available
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(Table 6.1). Nonproprietarymethods use publishedmod-

els, based on routinely available laboratory tests.

Diagnostic performances of serum

biomarkers

Diagnostic performances for cirrhosis of these different

scores are summarized in Table 6.2. The most widely

used and validated are the aspartate aminotransferase:

platelet ratio index (APRI; a free nonpatented index) and

the FibroTest (a patented test that is not widely availa-

ble). In ameta-analysis [17], which analyzed results from

6259 HCV patients from 33 studies, the mean area under

the receiver operating characteristic curve (AUROC)

values from the APRI in diagnosis of cirrhosis were 0.83.

When compared and validated externally in patients

with hepatitis C virus infection [18–22], the different

patented scores have similar performances for the diag-

nosis of cirrhosis. In the largest study to date (n= 1307

patients with viral hepatitis) comparing prospectively the

most popular patented scores (FibroTest, FibroMeter,

HepaScore) with the nonpatented score (APRI), the

AUROCs ranged from from 0.77 to 0.86 with no

significant difference between the scores [22]. Although

nonpatented scores such as FIB-4 and APRI may have

slightly lower performance, they are cost-free, easy to

calculate, and available almost everywhere. Regarding

nonalcoholic fatty liver disease (NAFLD), among the

limited number of serum biomarkers available, the

NAFLD fibrosis score has been the most studied thus

far [14,23–26].

Advantages and limitations of serum

biomarkers

The practical advantages of analyzing serum biomarkers

to measure fibrosis include their high applicability

(>95%) and inter-laboratory reproducibility [27,28],

and their potential widespread availability. However,

none are liver specific – their results can be influenced

by comorbid conditions and they require critical inter-

pretation of results. For instance, FibroTest and Hep-

aScore produce false positive results in patients with

Gilbert’s syndrome or hemolysis, because these patients

have hyperbilirubinemia [29]. Similarly, acute hepatitis

can produce false positive results in the APRI, Forns

index, FIB-4, or FibroMeter tests, which all measure

levels of aminotransferases.

Physical approach: measurement
of liver stiffness

Transient elastography

Principles and reproducibility

Liver fibrosis can be staged using TE (FibroScan, Echos-

ens, Paris, France) [30], which measures the velocity of a

low-frequency (50Hz) elastic shear wave propagating

through the liver. This velocity is directly related to tissue

stiffness, the elastic modulus (expressed as E= 3ρv2,

where v is the shear velocity and ρ is the density of

tissue, assumed to be constant). The stiffer the tissue, the

faster the shear wave propagates. TE measures liver

stiffness in a volume that approximates a cylinder that

is 1 cm wide and 4 cm long, 25–65mm below skin sur-

face. The results are expressed in kilopascals (kPa), and

range from 2.5 to 75 kPa; a normal value is around

5 kPa [31–33].

Diagnostic performances of transient elastography

The two index studies suggesting the interest of TE in the

assessment of liver fibrosis have been conducted in

Table 6.1 Proposed serum biomarkers for noninvasive

evaluation of cirrhosis in chronic liver disease.

• FibroTest (α2-macroglobulin, GGT, apolipoprotein A1,

haptoglobin, total bilirubin, age, and gender)

• AST : platelet ratio (APRI) (AST and platelet count)

• Enhanced Liver Fibrosis score (ELF) (age, hyaluronate, MMP-3,

and TIMP-1)

• Lok index (platelet count, AST : ALT ratio, and INR)

• Gotebörg University Cirrhosis Index (GUCI) (AST, INR, and platelet

count)

• Hepascore (bilirubin, γGT, hyaluronate, α2-macroglobulin, age,

and gender)

• Fibrometers (platelet count, prothrombin index, AST, α2-

macroglobulin, hyaluronate, urea, and age)

• Virahep-C model (AST, platelet count, alkaline phosphatase, and

age)

• FIB-4 (platelet count, ALT, and AST)

• HALT-C model (hyaluronic acid, TIMP-1, and platelet count)

• NAFLD Fibrosis Score (NFS) (age, BMI, hyperglycemia/diabetes,

AST : ALT ratio, platelet count, and albumin)

• BARD score (BMI, AST : ALT ratio, and diabetes)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI,

body mass index; GGT, gamma-glutamyl transpepsidase; INR, interna-

tional normaized ratio; MMP, matrix metalloproteinase; TIMP, tissue

inhibitor of metalloproteinase.

54 Chapter 6



patients with chronic hepatitis C virus infection [34,35].

Many other groups have confirmed these results

since [22,36–38], also in chronic liver diseases other

than hepatitis C [39–42], including chronic hepatitis

B [43–45], cholestatic liver diseases (primary biliary

cirrhosis and primary sclerosing cholangitis) [46], alco-

holic liver disease [47,48], and NAFLD [49–51]. As

shown in Table 6.3, AUROCs range from 0.90 to 0.99

for the diagnosis of cirrhosis.

Several meta-analyses [52–55] have confirmed the

high diagnostic performance of TE for cirrhosis, with

mean AUROC values of 0.94 [54]. In a meta-analysis

of 40 studies (32 papers and 8 abstracts), sensitivity and

specificity values were 0.83 and 0.89 for patients with

cirrhosis, respecively. However, only 9 studies (compris-

ing 1364 patients) had acceptable standards for liver

biopsy and TE, which limit the conclusions. It will there-

fore be important to perform meta-analyses of data from

individual patients.

TE thus appears to be a reliable method for the

diagnosis of cirrhosis, better at excluding than at

predicting cirrhosis. For instance, in a population of

1007 patients with different chronic liver diseases, a

cutoff value of 14.6 kPa yielded positive and negative

predictive values of 74% and 96%, respectively [41].

Interestingly, proposed cutoff values for cirrhosis

ranged from 11 kPa in patients with hepatitis B virus

infection to 22.7 kPa in patients with alcoholic liver

disease. Some researchers have proposed that cutoff

values be adapted based on causes of liver disease [41].

However, differences among cutoff values could result

from differences in prevalence of cirrhosis among

study populations (ranging from 8% to 25%). A cutoff

value for one population might not be applicable to

another, which has a different prevalence of disease.

Most studies used single cutoff values for patients with

cirrhosis or advanced fibrosis, but more information

can be obtained when values are interpreted as a

continuum. For example, when liver stiffness values

range from 2.5 to 7 kPa, fibrosis is likely mild or absent,

whereas when values are above 13 kPa, cirrhosis is

likely [56].

Table 6.2 Diagnostic performance of currently available serum biomarkers of fibrosis for cirrhosis (F4) in chronic liver disease.

Scores Year Etiologies Patients

(n)

F4

(%)

Cutoffs AUROC Sensitivity

(%)

Specificity

(%)

+LR − LR

FibroTest [6] 2001 HCV 1197 14 >0.74 0.82 63 84 4.0 0.4

APRI [7] 2003 HCV 476 17 <1.0

�2.0

0.89 57–89 75–93 3.6–8.1 0.1–0.5

ELF [8] 2004 HCV 1021 NA NA 0.89 91 69 2.9 0.4

Lok Index [9] 2005 HCV 1141 38 <0.2

�0.5

0.81 40–98 53–99 2.1–40.0 0.04–0.6

Hepascore

[10]

2005 HCV 211 16 >0.84 0.89 71 89 6.5 0.3

GUCI [11] 2005 HCV 179 12 >1.0 0.85 80 78 3.6 0.3

FIB-4 [13] 2007 HCV 847 17* <1.45

>3.25

0.85 38–74 81–98 3.9–19.0 0.3–0.6

NFS [14] 2007 NAFLD 733 27* <�1.455

>0.676

0.82 43–77 97–97 10.0–13.3 0.6–0.7

BARD score

[15]

2008 NAFLD 669 30* �2 0.81 — — — —

HALT-C

model [16]

2008 HCV 512 38 <0.2

>0.5

0.81 47–88 45–92 1.6–5.9 0.3–0.6

Fibrometers

[22]

2010 HCV HBV 1204 13.6 NA 0.86 44 95 8.8 0.6

* F3–F4 patients.

AUROC, area under ROC curve; HBV, chronic hepatitis B; HCV, chronic hepatitis C;+LR, positive likelihood ratio; –LR, negative likelihood ratio; NA not

availableNAFLD, non fatty alcoholic liver disease.
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Advantages and limitations of transient

elastography

Advantages to TE include a short procedure time (<5

minutes), immediate results, and the ability to perform

the test at the bedside or in an outpatient clinic – it is not a

difficult procedure to learn. However, the interpretation

of TE results should be always in the hands of an expert

clinician and should bemade with information regarding

patient demographics, disease etiology, and essential

laboratory parameters as well as manufacturer’s recom-

mendations (number of valid shots �10; success rate (the

ratio of valid shots to the total number of shots) �60%;

and interquartile range (IQR, reflecting the variability of

measurements) less than 30% of the median liver stiff-

ness measure (LSM) value (IQR/LSM �30%) [56].

Although TE analysis has excellent inter- and intra-

observer agreement [39,57], its applicability (80%) is not

as good as that of serum biomarkers. Failure to obtain

any measurement has been reported in 3% of cases and

unreliable results (not meeting manufacturer’s recom-

mendations) have been reported for 16% [58], mostly

resulting from patient obesity or limited operator expe-

rience. A new probe (XL) has been proposed to overcome

these limitations for overweight and obese patients [59].

Apart from obese patients, TE results can also be difficult

to obtain from patients with narrow intercostal space and

are impossible to obtain from patients with ascites [30].

The liver is an organ wrapped in a distensible but

nonelastic envelope (Glisson’s capsule), so additional

space-occupying tissue abnormalities, such as edema,

inflammation, extrahepatic cholestasis, or congestion,

can interfere with measurements of liver stiffness, inde-

pendently of fibrosis. Indeed, the extent of necro-

inflammatory activity has been shown to influence TE

measurements in patients with viral hepatitis with a

steady increase of liver stiffness values in parallel with

the degree of histologic activity [36,39,44]. Consistent

with these results, the risk of overestimating liver

Table 6.3 Diagnostic performance of transient elastography for cirrhosis (F4) in chronic liver disease.

Authors Year Etiologies Patients

(n)

F4

(%)

Cutoffs

(kPa)

AUROC Sensitivity

(%)

Specificity

(%)

+LR − LR

Castera et al. [35] 2005 HCV 183 25 12.5 0.95 87 91 9.7 0.1

Ziol et al. [34] 2005 HCV 251 19 14.6 0.87 86 96 23.1 0.1

Corpechot

et al. [46]

2006 PBC-PSC 95 16 17.3 0.96 93 95 18.6 0.07

Gomez-Dominguez

et al. [40]

2006 Mixed 94 17 16.0 0.94 89 96 22.25 0.11

Ganne-Carrie

et al. [41]

2006 Mixed 775 15 14.6 0.95 79 95 15.8 0.11

Foucher et al. [42] 2006 Mixed 354 13 17.6 0.96 77 97 25.66 0.23

Fraquelli et al. [39] 2007 Mixed 200 12 11.9 0.90 91 89 8.27 0.1

Coco et al. [43] 2007 HCV HBV 228 20 14.0 0.96 78 98 39.0 0.22

Lupsor et al. [37] 2008 HCV 324 21 11.9 0.94 87 91 9.7 0.1

Arena et al. [36] 2008 HCV 150 19 14.8 0.98 94 92 11.3 0.1

Yoneda et al. [49] 2008 NAFLD 97 9 17.0 0.99 100 97 33.33 0

Nguyen-Khac

et al. [48]

2008 ALD 103 32 19.5 0.92 86 84 5.37 0.16

Nahon et al. [47] 2008 ALD 147 54 22.7 0.87 84 83 5.24 0.19

Marcellin et al. [45] 2009 HBV 173 8 11.0 0.93 93 87 7.0 0.08

Chan et al. [44] 2009 HBV 161 25 9.0 0.93 98 75 3.92 0.02

Wong et al. [51] 2010 NAFLD 246 10 10.3 0.95 92 88 7.5 0.1

Degos et al. [22] 2010 HCV, HBV,

HCV-HIV

1307 14 12.9 0.90 72 89 6.8 0.3

Zarski et al. [71] 2012 HCV 382 14 12.9 0.93 77 90 7.7 0.25

ALD, alcoholic liver disease; AUROC, area under ROC curve; HBV, chronic hepatitis B; HCV, chronic hepatitis C; +LR positive likelihood ratio; �LR

negative likelihood ratio; NAFLD, non-fatty alcoholic liver disease; PBC-PSC, primary biliary cirrhosis primary sclerosing cholangitis.
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stiffness values has been reported in case of ALT flares in

patients with acute viral hepatitis or chronic hepatitis B

virus infection [43,60,61] as well as in cases of extra-

hepatic cholestasis [62] or congestive heart failure [63].

The influence of steatosis is still a matter of debate

[36,64].

Alternatives to transient
elastography

Several other liver elasticity-based imaging techniques

are being developed, including acoustic radiation force

impulse imaging (ARFI) and magnetic resonance (MR)

elastography and lately ShearWave elastography (SWE;

Aixplorer, Supersonic Imagine, Aix en Provence,

France) [65].

ARFI involves mechanical excitation of tissue using

short-duration (∼262μsec) acoustic pulses that propagate

shear waves and generate localized, μ-scale displacements

in tissue [66]. The shear-wave velocity (expressed in m/s)

is measured in a smaller region than in TE (10mm long

and 6mm wide), but can be chosen by the operator. The

major advantage of ARFI is that it can be easily imple-

mented on a modified commercial ultrasound machine

(Acuson 2000 Virtual TouchTM Tissue Quantification,

Siemens Healthcare, Erlangen, Germany). However,

ARFI values, in contrast to TE values, have a narrow range

(0.5–4.4m/sec) limits definitions of cutoff values for

patient management decisions.

MR elastography uses a modified phase-contrast

method to image the propagation characteristics of the

shear wave in the liver [67]. Elasticity is quantified by

MR elastography (expressed in kPa) using a formula that

determines the shear modulus, which is equivalent to

one-third the Young’s modulus used with TE [68]. The

theoretical advantages of MR elastography include its

ability to analyze almost the entire liver and its applica-

bility to patients with obesity or ascites. However, MR

elastography cannot be performed in livers of patients

with iron overload, because of signal-to-noise limita-

tions, and it is too costly and time-consuming to use in

routine practice.

ARFI has been the most studied thus far but there are

only limited data on the accuracy ofMR elastography and

SWE. Preliminary results indicate that the accuracy of

ARFI, MR elastography, and SWE is similar to that of TE

for cirrhosis. However, most studies are based on small

samples of heterogeneous populations and did not

always use liver biopsy as reference. Further validation

is warranted.

Comparison and combination

of approaches

TE appears to be best suited for cirrhosis screening,

because it has a higher level of performance than bio-

marker assays at least in the context of viral hepatitis. In

contrast to what has been shown for significant fibro-

sis [35], combining TE with biomarkers does not increase

diagnostic accuracy for cirrhosis in patients with chronic

hepatitis C virus infection [69–71]. However, the appli-

cability of TE is lower (80% vs 95% for biomarker

assays), and the performance levels of these diagnostics

might not differ for intention-to-diagnose analysis [71].

Data regarding combination of TE and biomarkers in

other liver diseases such as hepatitis B or NAFLD are

awaited.

Monitoring of disease progression
and prognosis

Noninvasive methods can be used to identify patients

with cirrhosis who are at risk of disease progression.

Compensated cirrhosis is classified as that without varices

(stage 1) or with varices (stage 2). Compensated cirrhosis

could be further subdivided, as that with no portal

hypertension, portal hypertension that is not clinically-

significant (hepatic venous pressure gradient, HVPG,

<10mmHg), or clinically significant portal hypertension

(HVPG �10mmHg) [72].

Measurements of liver stiffness might be used to assess

clinical outcomes because they correlate with the sever-

ity of liver disease [42], according to a retrospective study

conducted in a single center. This study provided the first

“proof of concept” that liver stiffness is a prognostic factor

for patients with cirrhosis. Furthermore, liver stiffness

correlates with portal pressure (based on the HVPG)

[73–76], which accurately predicts clinical events [77].

Interestingly, there was a high degree of correlation

between liver stiffness and only HVPG values below

10–12mmHg [74]. This indicates that beyond a certain

degree of portal pressure (above 10–12mmHg), devel-

opment of portal hypertension is at least partially inde-

pendent from the simple accumulation of fibrillar

Non-invasive diagnosis tests 57



extracellular matrix, which is responsible for the increase

in liver stiffness. Conversely, repeated measurements of

liver stiffness, over time, might be made during the first

year after liver transplantation, to identify patients with

early stage recurrence of severe hepatitis C recurrence,

and reduce the need for follow-up liver biopsies

[73,78,79].

Liver stiffness values have also been correlated with

the presence of esophageal varices. However, the diag-

nostic accuracy of TE (specificity below 60%) is too low

for identification of patients with esophageal varices in

clinical practice [80]. When biomarkers were compared,

in a large-scale multicentre study of factors to predict

which patients would develop high risk esophageal vari-

ces (large esophageal varices, those with red signs, or

decompensated cirrhosis), the combination of Lok index

and Forns index had the best diagnostic performance,

avoiding endoscopy in around one-third of patients [81].

When compared with serum biomarkers, TE did not

perform better for the detection of esophageal varices

and large esophageal varices [69]. However, a strategy

combining TE with spleen diameter and platelet count

(referred as LSPS for LSM-Spleen diameter to Platelet

ratio Score) has been shown to increase diagnostic accu-

racy for detecting high risk esophageal varices in patients

with hepatitis B virus-related cirrhosis [82] and has been

recently confirmed in patients with cirrhosis from vari-

ous etiologies [83]. Interestingly, LSPS appeared as a

reliable predictor of esophageal varices bleeding risk in

these patients [84]. These findings are consistent with

those of a study that reported that liver stiffness values

can be as effective as HVPG measurements in predicting

which patients with develop clinical decompensation and

portal hypertension-related complications [85]. For

instance, at a cutoff of 21.1 kPa, TE had a 100% negative

predictive value for the occurrence of portal hyper-

tension-related complications; if these results are con-

firmed, TE could be used as a prognostic tool [86]. Very

recently, the measurement of spleen stiffness using

either TE or ARFI has been proposed with promising

results that require further validation [87–89].

In summary, TE results can identify patients most

likely to develop clinically significant portal hyper-

tension, but are not sufficient to identify patients with

esophageal varices, in clinical practice, or replace endos-

copy analysis of cirrhotic patients [80]. Given its likely

prognostic value for patients with cirrhosis, TE could be

used to discriminate rapidly among patients at different

stages of progression of compensated cirrhosis, and place

them in different risk categories [90].

Non-invasive methods can also be used in determining

prognosis. Large, prospective cohort studies in Asia of

patients with hepatitis B or C correlated liver stiffness

values with hepatocellular carcinoma (HCC) occur-

rence [91–93]. Among 866 Japanese patients with hep-

atitis C virus infection, the cumulative incidence of HCC

within 3 years was as high as 38.5%, among subjects

with baseline liver stiffness values >25 kPa, compared

with 0.4% among subjects with values �10 kPa [91].

Although measurements of liver stiffness could be used

to identify patients at risk of developing HCC, more data

are needed before they could be integrated into an HCC

surveillance program.

Prognosis of patients with chronic liver disease related

to viral hepatitis or other causes can be determined using

TE [85,94] and assays for serum biomarkers such as

FibroTest [95–97], ELF [98,99], APRI and FIB-

4 [100], as well as for models based on standard labora-

tory tests [101,102]. The potential of noninvasive meth-

ods for predicting clinical outcomes seems to be greater

than that of liver biopsy, probably because the non-

invasive tests measure ongoing pathophysiologic pro-

cesses and functions that a biopsy cannot. Additional

advantages of assays for serum biomarkers and TE over

histologic scoring systems are that they provide a range of

continuous values, instead of a limited number of

categories [103].

Conclusions

Significant progress has been made over the past decade

regarding assessment of hepatic fibrosis in patients with

chronic liver disease, highlighting the fact that there is no

perfect method. On the one hand, there is increasing

awareness that liver biopsy is an imperfect gold standard.

On the other hand, an increasing number of noninvasive

tests are now available for which TE, Fibrotest, and

APRI are the most extensively validated. These tests are

already widely used in routine clinical practice in France,

resulting in a significant decrease in the need for liver

biopsy [104]. However, it is likely that noninvasive

methods will reduce but not completely abolish the

need for liver biopsy [105]. We believe that liver biopsy

and noninvasive methods, particularly TE, should be

employed as an integrated system to allow a more
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efficient and convenient management of patients with

chronic liver disease [106].

It is important to investigate the prognostic value of

noninvasive methods of fibrosis detection, particularly

TE, for patients with cirrhosis; these tests could be used to

classify patients with cirrhosis and assign them to differ-

ent categories of risk for clinical outcomes. TE has limi-

tations and is challenged by other technologies to

measure liver stiffness, such as ARFI, MR elastography,

and SWE, whose place in clinical practice remains to be

defined.
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Introduction

Liver-related mortality is the eighth leading cause of

death in the United States and is responsible for a signifi-

cant proportion of premature mortality; among persons

aged 45–64 years, it is the third leading cause of death [1].

Unfortunately, the overall prognosis of patients with

cirrhosis remains poor in the recent era. Patients with

cirrhosis can have compensated disease for several years

or have evidence of decompensation, manifested by

complications of portal hypertension. Compared to the

general population, persons with compensated cirrhosis

have a fivefold (hazard ratio, HR, 4.7; 95% confidence

interval, CI, 4.4–5.0) and persons with decompensated

cirrhosis have a 10-fold (HR 9.7; 95% CI 8.9–10.6)

increased risk of death [2]. However, there is wide

variability in rates of morbidity and mortality among

patients with cirrhosis. Early identification of factors

that portend poor outcomes is important to initiate

relevant measures early on in the disease course. This

chapter addresses the natural history of cirrhosis, dis-

cusses prognosis, and evaluates several models that iden-

tify cirrhotic patients at highest risk for poor outcomes.

Natural history

The natural history of cirrhosis has been well described.

Mortality estimates vary based on the setting (inpatient,

intensive care unit, community), stage (compensated

or decompensated), and etiology of disease. A large

systemic review of heterogeneous prognostic studies

showed that the median survival for cirrhotic patients

was 2.8 years. Median survival was approximately

12 years and 2 years for persons with compensated

and decompensated cirrhosis, respectively [3]. The

1-year cumulative survival was 78% (95% for compen-

sated cirrhosis and 61% for decompensated cirrhosis). As

expected, lower survival was seen in hospital-based

studies. Using data from a Danish nationwide popula-

tion-based hospital registry, subjects diagnosed with cir-

rhosis (1995–2006) were identified. The overall 1-year

survival probability was 66% after 1 year, 38% after

5 years, and 22% after 10 years [4]. The majority of the

deaths were cirrhosis-related rather than due to the

presence of medical comorbidities. In another popula-

tion-based study, the overall survival for persons with

compensated cirrhosis was 87% (versus 75%) at 1 year

and 67% (versus 45%) at 5 years [2]. Most of the deaths

among subjects with compensated cirrhosis occurred due

to a transition to a decompensated state and subsequent

consequences of the complications.

To refine prognosis of persons with cirrhosis, four

stages of cirrhosis have been proposed, with stages 1

and 2 representing compensated cirrhosis [3]. Stage 1 is

characterized by absence of ascites or varices. Stage 2 is

characterized by the presence of nonbleeding varices but

absence of ascites. Stage 3 is characterized by ascites with

or without esophageal varices in a patient that has never

bled. Stage 4 is characterized by variceal bleeding with or

1Materials appearing in this chapter prepared by individuals as part of their official duties as United States government employees are not

covered by the copyright of the book, and any views expressed therein do not necessarily represent the views of the United States
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without ascites. Based on this initial classification, in a

large systematic review the 1-year survival was 99%,

96.6%, 80%, and 43%, respectively. However, recent

studies have not shown a markedly higher mortality

with stage 4 than stage 3. Better management of var-

iceal bleeding may have potentially led to improved

survival in patients with variceal bleed and relatively

lower survival in patients with ascites regardless of their

varices status. Development of hepatic encephalopathy

(HE) is an emerging negative prognostic indicator.

Among alcoholics studied in the Danish National

Health registry (1993–2005), the median survival in

patients without complications was 48 months. The

1-year survival rate was 83% (absence of complica-

tions), 80% (variceal bleeding), 71% (ascites), 51%

(ascites and variceal bleeding), and 36% (HE, alone

or in combination) [5].

Infection and renal failure are common causes of

mortality in patients with cirrhosis. Compared with

uninfected patients, cirrhotic patients with infections

have almost a fourfold increase in mortality (odds ratio,

OR, 3.8; 95% CI 2.1–4.2). Infections may be spontane-

ous or related to complications of portal hypertension

such as gastrointestinal bleeding or ascites. In a recent

meta-analysis, the overall median mortality of infected

patients was 38%: 30.3% at 1 month and 63% at

12 months (1-year survival 37%). In a subset of studies

with spontaneous bacterial peritonitis (SBP), the

median mortality was 44% (1-year survival was

34%) [6].

Renal failure is also common in patients with cirrhosis

awaiting liver transplant and is often multifactorial [7,8].

When compared with patients without renal failure,

cirrhotic patients with renal dysfunction have a signifi-

cantly increased risk of death (OR 7.6; 95% CI

5.4–10.8) [9]. Among patients with cirrhosis, the median

mortality rate for those with renal failure is 58% at 1

month and 63% at 1 year [9]. Hence, given that the

median survival at 1 year is 37% with either renal

dysfunction and/or infection (and refractory ascites),

presence of one of these factors may represent a more

advanced stage in addition to the four stages proposed

above.

Given that the majority of deaths in patients with

compensated cirrhosis is due to progression to a decom-

pensated state and the development of its ensuing

complications, knowledge of the risk of progression

is important. The 10-year probability of risk of

decompensation from a compensated state in a single-

center study (1968–1980, median follow-up 63 months)

was 58% [10]. Progression of cirrhosis from a compen-

sated state (D’Amico stage 1 and 2) to a decompensated

state (stage 3 and 4) has been examined in population-

based studies. In an analysis of a large population-based

United Kingdom General Practice Research Database

(1987–2002), the age and gender adjusted rate of

decompensation from compensated state was 12% per

year [11]. This rate was faster during the first year after

diagnosis (31%) and 5–7% in subsequent years. Other

studies suggest a uniform rate of progression of 6–9% per

year [3]. Yearly rates of decompensation likely vary by

underlying disease with reported annual progression

rates of 4% for viral hepatitis C, 6–10% for alcoholic

cirrhosis with higher rates in patients with active alcohol

use or development of alcoholic hepatitis, and 10% in

persons with hepatitis B [12].

Besides assigning prognosis by clinical stage of disease,

several models have been proposed to assist further in

prognostication. This includes models to predict mortal-

ity or capture transition from a compensated to decom-

pensated state.

Child–Pugh score

The Child’s score was initially designed to predict the

outcome after surgery for portal hypertension (porto-

caval shunting and transection of the esophagus) in

cirrhotic patients (Table 7.1). Based on the variables

shown in Table 7.1, cirrhotic patients are stratified into

three categories: Child–Pugh grades A (5–6 points), B

(7–9 points), or C (10–15 points). The factors, in addition

to an evaluation of liver dysfunction, are also a gauge of

organ dysfunction [13]. The median 1-year survival is

95% for Child A, 80% for Child B, and 45% for Child C

cirrhosis. Correspondingly, the 2-year survival is 90%,

70%, and 38%, respectively [3,14]. Child–Pugh score is

an independent predictor of mortality in compensated or

decompensated liver disease (e.g., ascites, bleeding

esophageal varices) and within etiologies of liver disease

(e.g., chronic hepatitis C, cholestatic liver disease, or

alcoholic liver disease).

Several limitations of the Child–Pugh score are noted.

This includes equal weight assigned to all components

with lack of statistical validity (e.g., ascites and coagul-

opathy get the same numerical weight), categorization
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of continuous variable, subjective nature of assessment

for some of the variables (ascites, encephalopathy), pos-

sible redundancy (inclusion both international normal-

ized ratio, INR, and albumin), influence of

interlaboratory variability (e.g., prothrombin time, albu-

min), empiric cutoff values for variables, ceiling effect of

variables (bilirubin 5mg/dL and 25mg/dL get the same

points), lack of inclusion of cause of liver disease, and

inability to account for reversibility of treating the under-

lying cause (e.g., cessation of alcohol abuse).

MELD score

Themodel for end-stage liver disease (MELD) score, akin

to the Child–Pugh score, was devised as an objective

predictor of early mortality in patients undergoing elec-

tive placement of transjugular intrahepatic portosystemic

shunts (TIPS) [15]. The model contains three objec-

tive variables: serum creatinine, bilirubin, and INR

(Table 7.1). The MELD score has high concordance

(c-statistic 0.83) to predict risk of death within 3 months.

This implies that 83 out of a 100 times, in a pair of

randomly drawn patients, the model correctly predicts

which patient will die first [16]. The model has been

validated in several independent cohorts of patients with

varying levels of liver disease severity (e.g., hospitalized

and ambulatory patients), as well as patients of geo-

graphically and temporally diverse origin [17]. It is a

good predictor of long-term survival (e.g., c-statistic 0.75

for 1-year survival), across several different populations

(e.g., c-statistic 0.83 for alcoholic hepatitis, acute liver

failure) as well as a good prognostic marker in decom-

pensated liver disease (e.g., variceal bleeding, infections),

and surgery [18–22]. The etiology of liver disease and

individual complications of portal hypertension do not

significantly enhance the prognostic information cap-

tured by the MELD score [16,17].

Overall, the MELD score is used a common metric of

underlying disease severity [16]. The benefits of the

MELD score lie in its simplicity, use of a continuous

scale, and incorporation of easily available objective

Table 7.1 Prognostic scores in assessment of patients with cirrhosis.

Child–Pugh Score

1 point 2 points 3 points

Total bilirubin (mg/dL) �2 2–3 >3

Serum albumin (g/dL) >3.5 2.8–3.5 <2.8

INR <1.7 1.7–2.3 >2.3

Ascites None Mild Moderate to severe

Hepatic encephalopathy None Grade I–II Grade III–IV

Points Stage

5–6 A

7–9 B

10–15 C

MELD score [17]

MELD score � 3:8 * loge �bilirubin mg=dL� � 11:2 * loge�INR� � 9:6 * loge �creatinine mg=dL� � 6:4

MELD Na [43]

MELD Na � MELD � Na � �0:025 �MELD � �140 � Na�� � 140;

where the serum sodium concentration (Na) is bound between 125 and 140mmol/L

ReFit MELD [47]

ReFit MELD � 4:082 * loge�bilirubin� � 8:485 * loge�creatinine� � 10:671 * loge�INR� � 7:432

where bilirubin is bilirubin bounded below by 1mg/dL; creatinine is creatinine capped by 0.8mg/dL below and 3mg/dL above, and; INR is INR bounded

by 1 below and 3 above. Renal replacement therapy = 3mg/dL
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laboratory parameters. It has been shown to be superior

to clinical judgment in identifying mortality risk [23].

Variables are ranked based on their importance and no

ceiling effect is observed [24].

There are obvious limitations. The MELD score was

created in a select population without acute reversible

causes of decompensation (e.g., infection). Further, it

does not capture prognosis in certain conditions (e.g.,

portopulmonary hypertension) or certain complications

(e.g., hepatocellular carcinoma, HCC) [25]. The total

bilirubin rather than direct bilirubin is used. However,

the former is not a superior predictor than the latter

(unpublished data). Serum creatinine is highly weighted

in patients with liver disease. However, it is known that

inclusion of serum creatinine is suboptimal among cir-

rhotic patients [26–28]. Measured glomerular filtration

rate (GFR, e.g., by iothalamate clearance measurement)

is better at assessing prognosis [26,27]. A multivariable

model that incorporates calculated GFR and/or serum

sodium is superior to the MELD score [28]. Serum

creatinine measured is not standardized and may be

overestimated in patients with high serum bilirubin [29].

Serum creatinine may underestimate the severity of

renal dysfunction among women as a function of less

muscle mass [30]. The prothrombin time, as a reflection

of synthetic dysfunction, may be manipulated by persons

who have artificially higher INRwhen onwarfarin-based

anticoagulation [31,32]. There is interlaboratory varia-

tion in assays that measure INR based on measurement

techniques [33,34]. Though a liver-specific INR is more

accurate, practical implementation across centers may be

hard to achieve [32,35].

MELD modifications

Several models have been proposed to refine and

improve the prognostic ability of the MELD score. The

primary driving force has been estimating the prognosis

of patients listed for liver transplantation and an assess-

ment of their short-term mortality. This includes mea-

surement of serial MELD scores, addition of variables

(e.g., serum sodium), or reweighting components of the

MELD score.

Delta MELD

A change in MELD scores, for example in patients with

decompensated liver disease, may be associated with

worse outcomes than other subjects with stable MELD

score. However, the change inMELD (deltaMELD) is not

a significant predictor in multivariable analysis after

adjusting for baseline MELD, which by definition is

inherently higher, and repeated measurements of

MELD score, which are more frequent in sicker patients

[36,37].

Serum sodium and MELD-Na

Serum sodium concentration, a reflection of more

advanced liver disease, is as an important prognostic

factor [38–41]. Hyponatremia is associated with

neurologic dysfunction, refractory ascites, hepatorenal

syndrome, and death from liver disease [8,42]. Hypona-

tremia is an independent predictor of survival at 3 and

12 months [43,44]. Further, patients with hyponatremia

are more likely to drop out while awaiting liver trans-

plantation [45]. Hyponatremia is likely a marker for

advanced renal dysfunction that is not accurately cap-

tured by creatinine-based measures. Even after adjusting

for the MELD scores, a 1mmol/L decrease in serum

sodium concentration (125–140mmol/L) is associated

with a 5–10% increase in mortality [43,44]. This is

particularly evident in patients with a low MELD score

(Table 7.1). Serum sodium assessment is widely meas-

ured objective and easily available. Limitations of the

serum sodium include potential for manipulation.

Re weighting components of MELD

Recently, attempts have been made to reweigh the

components of the MELD score using a contemporary

dataset [46,47] which improves the predictive ability of

MELD based score to (c-statistic >0.85). Further valida-

tion is awaited (see Table 7.1)

MELD XI

Asmentioned above, the role of INR in theMELD score is

contentious. Heuman et al. [48] examined a model

without INR (MELD-XI) for liver transplant candidates

on stable oral anticoagulation. The model was still less

accurate than MELD, suggesting that even in those

patients, INR somehow carries prognostic information.

The INR can be elevated in patients receiving warfarin.

Hence, an elevated INR may not accurately capture

disease severity, especially because calibration for deriv-

ing INR is based on samples from persons on oral anti-

coagulation [33,34]. Less variability in INR is observed if

calibration is done using samples from persons with liver
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disease (ISIliver). Though incorporation of ISIliver may

improve MELD-based prediction models, it is practically

cumbersome to incorporate [35]. But, despite the valid

concerns, derivation of the MELD score using updated

data suggests that the INR in its current form continues to

be an excellent predictor of survival with a c-statistic

upwards of 0.85 [47]. The incremental improvement in

the predictive ability of a model that incorporates ISIliver

is unknown.

Child–Pugh score versus MELD score

The Child–Pugh score provides a global prognostic scale

for cirrhotic patients at large, in patients with both

compensated and decompensated cirrhosis. Studies

show that the MELD score may be better suited for

patients with decompensated liver disease. The MELD

score was designed to predict short-term mortality; for

longer term mortality prediction, the MELD score may

not be superior to the Child–Pugh score [49–51].

Hepatic venous pressure gradient

Most deaths in persons with compensated cirrhosis occur

as a result of transition to a decompensated state. Hence,

prediction of development of decompensation as well as

mortality specifically due to portal hypertension-related

complications is important. This transition is not entirely

explained by the prognostic models noted in previous

sections.

By definition, portal hypertension is a pathologically

abnormal portal pressure of 6mmHg or above. The

hepatic venous pressure gradient (HVPG) is an indirect

reflection of the portal pressure across the liver [52]. For

example, varices form only when HVPG reaches

10mmHg with a clinically significant risk of bleeding

occurring at an HVPG greater than 12mmHg. Serum

albumin, MELD score, and HVPG are independent pre-

dictors of development of decompensation from a com-

pensated state [53,54]. An HVPG <10mmHg has a 90%

negative predictive value of development of clinical

decompensation over 4 years [53].

Elevated HVPG is an independent predictor of mortal-

ity with a purported 3% increase in mortality per

1mmHg increase in HVPG [55]. A single HVPGmeasure-

ment greater than 20mmHg is associated with worse

probability of survival (1-year mortality 64% vs. 20%;

P<0.01) and early rebleeding from varices [56,57]. Other

factors that encapsulate advanced liver disease, such as

serum sodium, are also important. A combination of both

of hyponatremia (serum sodium <130mmol/L) and

HPVG >20mmHg is associated with a significantly worse

prognosis than either alone. However, it is unclear

whether addition of HVPG to MELD of Child–Pugh stage

based prediction significantly improves the predictive

capabilities of a prognostic model [57].

Given that elevated HVPG is associated with poor

outcomes, the benefit of a reduction in HVPG has

been studied. In addition to age and serum albumin,

an HVPG reduction upwards of 20% or to a gradient less

than 12mmHg is an independent predictor of reduction

in risk of variceal bleeding, development of other com-

plications of portal hypertension and is associated with

improved survival [58–60]. In a large systematic review,

such an HVPG reduction was associated with a 60%

decrease in the odds of mortality (OR 0.39) [60].

HVPG elevation is also an independent predictor of

development of HCC [61].

Measurement of HVPG, though important for progno-

sis, is not widely available and is invasive. Alternate

noninvasive measures have been studied. Liver stiffness,

as measured by transient elastography or magnetic reso-

nance elastography is predictive of cirrhosis and presence

of clinically significant portal hypertension; however, it is

unclear whether the severity of portal hypertension can

be accurately graded by thesemethods, as is possible with

HVPG [62]. There are several encouraging studies. In

patients with chronic liver disease, getting simultaneous

measurement of HVPG and liver stiffness over a 2-year

follow-up both methods were accurate to determine

complications related to portal hypertension (area under

the receiver operating characteristic curve, AUROC,

>0.83) [63]. It is unclear whether addition of MELD

or Child–Pugh scores to noninvasive measures can iden-

tify patients at risk for clinical decompensation. However,

this technology appears promising, especially if serial

measurements are obtained [64].

Variceal bleed

The natural history and prognosis of cirrhotic patients

with variceal bleeding has been well studied. In patients

without evidence of variceal bleeding and no history
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of varices, rate of development of varices was 3–5% at 1

year and 22–28% at 3 years, suggesting that overall

esophageal varices develop at a rate of 7–8% per

year [65,66]. As mentioned above, an HVPG greater

than 10mmHg is a predictor of development of varices.

It may be possible that in patients with compensated

cirrhosis, a decrease in at least 10% of HVPG from

baseline may help prevent development of varices

[67,68].

Progression of small varices to medium or large varices

occurs at a rate of 5–12% at 1 year and 31% at

3 years [68]. Predictors of progression include higher

Child–Pugh class, alcohol-related cirrhosis and high risk

stigmata of bleed (e.g., redwalemarks); the 1-year rate of

progression is 22% (versus 2%) if any one of the above

factors is present. The risk of bleeding in patient with

small varices is higher than in patients without varices

(12% versus 2%) [66].

The annual risk of variceal bleeding is 5–15%; the

highest risk occurs within the first year (15%) in persons

with large varices [69,70]. Despite significant strides in

the management of varices and acute bleeding episodes,

themortality remains high at 15–20% [71,72]. Predictors

of bleeding include presence of decompensated cirrhosis

(Child B or C), size of varices, and presence of high risk

stigmata upon endoscopy (red wale marks) [69].

The risk of further rebleeding, mortality, and compli-

cations is highest within the first 6 weeks [73]. Table 7.2

shows some of the factors associated with rebleeding or

early mortality. Overall, there is a 20% failure rate in

controlling the initial bleeding episode within 5 days, and

up to a 60% rate of rebleeding in 1 year [74]. In

prognostic studies conducted in the current era with

standard of care interventions (antibiotics, vasoactive

drugs, and endoscopic band ligation, EBL), the risk of

early rebleeding or treatment failure was 15–21%, with

the risk of earlymortality being 6–24% [75]. Predictors of

rebleeding or treatment failure include MELD score,

Child–Pugh score, elevated HVPG �20mmHg, develop-

ment of infections, and endoscopic appearance (active

bleeding, clot on varix, and shock) [72,75]. Recurrent

variceal bleeding is lower among patients that achieve a

reduction in HVPG to less than 12mmHg or a 20%

reduction in baseline HVPG values [60]. The role of

HVPG guided therapy remains unclear [74]. Predictors

of mortality include the above factors and HCC, worsen-

ing renal function, use of steroids, and advanced

age [70,75].

Surgery and cirrhosis

Nonliver transplant surgery in patients with cirrhosis can

be associated with significant risk of mortality. The prog-

nosis of patients with cirrhosis undergoing surgery varies

by stage of disease. Studies in the 1980s and 1990s have

shown that mortality rates for patients undergoing sur-

gery were 10% for those with Child’s class A, 30% for

Table 7.2 Selected independent prognostic factors of rebleeding

and mortality within 6 weeks.

Rebleeding

Baseline liver function

Child–Pugh score and class

MELD score

Cirrhosis etiology (nonalcoholic)

Portal vein thrombosis

Hepatic venous pressure gradient �20mmHg

Intensity of hemorrhage

Active bleeding

Clot at varix

Transfusion volume

Hemodynamic shock

Development of complications

Bacterial infection

Mortality

Baseline Liver Function

Child–Pugh score and class

MELD score

Albumin

Encephalopathy

Bilirubin

Hepatocellular carcinoma

Intensity of hemorrhage

Active bleeding

Hematemesis

Transfusion volume

Development of complications

Bacterial infection

Renal failure

Early rebleeding

Other

Digestive cancer

Age >60 years

Corticosteroid use

Inpatient status

Adapted from Augustin, 2011 [75].
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those with Child’s class B, and 76–82% for those with

Child’s class C cirrhosis. Predictors of perioperative com-

plications and mortality in the pre MELD era included a

elevated Child–Pugh score, advanced age, gender, type of

surgery and ensuing perioperative complications, and

higher American Society of Anesthesiologists (ASA)

physical status rating [76]. Several studies have identified

objective methods to evaluate prognosis in the last dec-

ade. In patients undergoing cardiac surgery, Child–Pugh

score and MELD score were significant (P <0.01) predic-

tors ofmortality. A cutoff Child–Pugh score>7was found

to have a sensitivity and specificity of 86% and 92% for

mortality, with a negative predictive value of 97% [77].

In this small study, 10% of patients in Child–Pugh class A

died compared to 67% and 100% of Child B and C

patients, respectively [77]. In patients undergoing non-

transplant surgery (including cholecystectomies, hernia

repairs, and exploratory laparotomies), the MELD score

was a significant predictor or mortality. For persons

undergoing intraabdominal procedures, the c-statistic

for predicting 1-month mortality was 0.80 [78].

BetweenMELD scores of 5 and 20 there was a 1%, and

for MELD scores greater than 20 there was an additional

2% increase in mortality risk with each integer increase

in MELD score. Another study examined the 90-day

mortality after major surgery compared with cirrhotic

patients undergoing minor surgical procedures and

ambulatory cirrhotic patients. In multivariable analysis,

the MELD score, ASA class, and age predicted mortality

at 30 and 90 days, 1 year, and long term, independently

of type or year of surgery. This mortality relationship was

seen through the 20-year follow-up. A linear relation-

ship in mortality risk was observed (Table 7.3) with

mortality ranging from 10% (MELD <8), 18–32%

(8–15), upwards of 55% in MELD >15, and 90% in

MELD >26. The c-statistic was 0.82 for 90-day mortality

with the MELD score; this increased to 0.84 on addition

of age and ASA class. Age above 70 added an equivalent

risk of 3 additional MELD points, and ASA class IV added

an equivalent risk of 5.5 additional MELD points [22].

Intensive care for cirrhotic patients

Admission to the intensive care unit (ICU) is common in

patients with decompensated cirrhosis; approximately

26 000 cirrhotic patients are admitted annually across

the United States. Common indications include variceal

bleeding, infection or sepsis, alcoholic hepatitis, or

hepatic encephalopathy. The in-hospital mortality in

these patients is greater than 50%; the majority of deaths

are infection related [79]. In a single center study, sur-

vival rates in the ICU, in hospital, and at 6 months were

59%, 46%, and 38%, respectively [80]. Mortality in

cirrhotic patients with severe sepsis requiring organ

support was 65–90%, compared with 33–39% in those

without [81]. Recent studies show that mortality may

have improved [81].

Several prognostic models have been evaluated. The

MELD score or Child–Pugh score may not be able to

identify the subgroup of cirrhotic patients at highest risk

of mortality [82]. Overall, general ICU scores seem to be

superior to “liver-oriented” prognostic scores in this

context. Infection, elevated bilirubin level, and require-

ment for mechanical ventilation or vasopressor therapy

are independently associated with poor survival [83]. A

recent single center analysis of liver-related admissions to

the ICU showed that the Sequential Organ Failure

Assessment (SOFA) and the Simplified Acute Physiology

Score (SAPS II) scores were the best predictors of survival

with the AUROC of 0.92 and 0.89, respectively, com-

pared with theMELD score (0.83), and Child–Pugh score

(0.79). The most common cause of infection was SBP or

pneumonia. Fungal infections were universally fatal.

Mortality, by number of organ failures, ranged from

2.8% (one organ) to 91% (three organs). Higher mor-

tality with multiple organ failures is also seen in other

studies [80]. Prior studies have also confirmed the good

discrimination offered by the SOFA score (AUROC 0.83–

0.85) [84] on day of admission or 72 hours after admis-

sion [80]. Hence, sequential measurement of SOFA as

an example may be important. Serum lactate also has

Table 7.3 Risk of mortality among persons with cirrhosis

undergoing nontransplant surgery. Percentage mortality is

provided.

MELD score 7 days 30 days 90 days 1 year

0–7 1.9 5.7 9.7 19.2

8–11 3.3 10.3 17.7 28.9

12–15 7.7 25.4 32.3 45.0

16–20 14.6 44.0 55.8 70.5

21–25 23.0 53.8 66.7 84.6

�26 30.0 90.0 90.0 100

Adapted from Teh, 2007 [22].
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prognostic value [85]. Unfortunately, these scores simply

reflect the severity of the patient’s current medical status

rather than predict development of such complications.

Acute-on-chronic liver failure

Acute-on-chronic liver failure (ACLF) describes an acute

deterioration in cirrhotic patients of pre-existing chronic

liver disease due to a precipitating event (most common

infection), often necessitating intensive care and associ-

ated with high short-term mortality due to end organ

dysfunction. An element of reversibility in nearly 50% is

suggested in patients with ACLF, implying that early

intervention in this group may be helpful. Precipitants

include infection, acute hepatitis (alcohol, drug-induced

liver injury viral hepatitis, ischemia), portal vein throm-

bosis, or extrahepatic insults such as trauma or sur-

gery [86]. Common manifestations include HE,

hyperbilirubinemia, coagulopathy, and potentially car-

diovascular dysfunction. The notable features of ACLF

include an element of reversibility with the possibility

that short-term mortality may be avoided if early

recognition and treatment of the precipitant is initiated.

The type of precipitant matters: infection is an important

negative prognostic indicator. The SOFA score helps

identify patients most likely to survive the hospitaliza-

tion [87]. Once again, though the SOFA score is an

excellent predictor, it reflects the degree and magnitude

of organ failure rather than predicts it. Factors that help

identify patients at highest risk to develop multiorgan

dysfunction are yet to be determined [88].

Disease-specific models

The above sections outline prediction of prognosis based

on clinical stage. Several models have been proposed to

predict prognosis within a disease subset (Table 7.4).

Cholestatic liver disease

The probability of survival among patients with primary

biliary cirrhosis is predicted by the Mayo risk score. The

Table 7.4 Prognostic models in alcoholic hepatitis.

Maddrey discriminant factor (score �32 poor prognosis)

MDF � 4:6 �patient’s PT � control PT� � total bilirubin �mg=dL�

where PT= prothrombin time

Model for end-stage liver disease (MELD) score (�18 poor prognosis) [17]

MELD score � 3:8*loge�bilirubin mg=dL� � 11:2*loge�INR� � 9:6*loge�creatinine mg=dL� � 6:4

Glasgow alcoholic hepatitis score (score >8 on day 1 or day 7 poor prognosis) [97]

1 2 3

Age <50 �50 —

WCC <15 �15 —

Urea (mmol/L) <5 �5 —

PT ratio <1.5 1.5–2.0 �2

Bilirubin (mg/dL) <7.3 7.3–14.6 �14.6

PT, prothrombin time; WCC, white cell count.

Age, serum bilirubin, INR, and serum creatinine score (score >9 poor prognosis) [102]

ABIC score : �age � 0:1� � �serum bilirubin � 0:08� � �serum creatinine � 0:3� � �INR � 0:8�

Lille model (6-month survival probability of patients with a Lille model above 0.45 is about 25%) [100]

Lille model : 3:19 � 0:101 * �age in years� � 0:147 * �albumin day 0 in g=L� � 0:0165 * �evolution in bilirubin level in mmol=L�

�0:206 * �renal insufficiency 0 if absent 1 if present� � 0:0065 * �bilirubin day 0 in mmol=L� � 0:0096 * �prothrombin time in seconds�
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score includes age, bilirubin, albumin, prothrombin time,

and edema to predict probability of survival without

transplantation. The risk of post-transplant mortality

increases above a score of 7.8, suggesting transplant

evaluation should be initiated prior to reaching the

threshold [89–92]. For primary sclerosing cholangitis,

the primary sclerosing cholangitis (PSC) Mayo risk score

incorporates age, serum bilirubin, aspartate amino-

transferase (AST), albumin, and evidence of variceal

bleeding to estimate survival within the ensuing

4 years [93,94]. The models are available at http://www

.mayoclinic.org/gi-rst/mayomodel2.html.

Alcoholic hepatitis

Several models have been proposed to identify the risk of

short-term mortality in patients with alcoholic hepatitis

(Table 7.4). These models may assist in predicting the

patients most likely to benefit from corticosteroid treat-

ment. A Maddrey sore above 32 identifies the patients

most likely to benefit from corticosteroid therapy. Other

models have been derived to assess short-termmortality.

An early decrease in bilirubin with therapy is an impor-

tant prognostic indicator. For example, the Lille model

assessed early response to corticosteroid therapy within

the first 7 days as reflected by a change in serum biliru-

bin. According to the model parameters, patients with a

score above 0.45 had a 6-month mortality rate of 75%,

while those with a score below 0.45 had a mortality rate

of only 15%. The MELD score, MELD Na score, Glasgow

alcoholic hepatitis score, Lille score, and the ABIC score

have been compared. In a selected Danish population, all

tests shared similar performance characteristics. The

28-day mortality was 16% with a 6-month mortality

of 40%. The predictive ability of the several models were

similar, with an AUROC around 0.74–0.78 for predicting

1-month mortality. The ability to predict mortality was

improved by rescoring on day 7 [95–100].

Conclusions

Prognostic models are helpful to determine the risk of

adverse outcomes based on clinical stage, clinical sce-

nario, and underlying liver disease. Rather than pursuing

a reactive plan of care in the treatment of patients with

advanced liver disease, a proactive approach is needed to

prevent the development of complications [101].
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Introduction

The first attempt at human liver transplantation (LT) was

performed by Thomas Starzl in 1963, but it was not until

1967 that a successful procedure was performed. As the

initial immunosuppressive regimens were not potent

enough, an acceptable survival was not possible. The

implementation of more efficient immunosuppressive

therapy, particularly cyclosporine in the 1980s, was

associated with an improvement in survival. Since

then other major developments in surgical techniques,

newer immunosuppression regimens and preservation

solutions have continued to impact favorably on the

long-term postoperative course.

LT should be considered in patients with irreversible

acute or chronic liver failure, in selected patients with

malignant liver tumors, and in patients with genetic or

metabolic disorders in which the liver is responsible for

the damage to other organs. As with any other medical

intervention, it is indicated when the risk of death related

to the liver disease is outweighed by the benefits to be

obtained from LT. Risks and benefits are not always easy

to balance, but if the selection of candidates is precise,

successful outcomes can be achieved. The ideal scenario

to transplant a patient would be at the exact moment

when the predicted life expectancy related to the liver

disease is estimated to be shorter than the one that would

be achieved with LT. Unfortunately, the identification of

this very precise moment is challenged by at least two

factors. First, organ donation is far from being plentiful

enough to meet the requirements of the candidates on

the waiting list. Second, mortality on the waiting list is

not always accurately predicted.

Cirrhosis-related end-stage liver disease is the leading

cause of LT worldwide. This chapter reviews how to

select and evaluate patients with cirrhosis for LT.

Epidemiology

The etiology of cirrhosis leading to LT varies world-

wide. Chronic hepatitis C is the leading cause in the

United States, Europe, and Latin American countries

[1–3]. In other regions such as Southeast Asia and

Sub-Saharan Africa, chronic hepatitis B is the main

cause of cirrhosis leading to LT [4].

A recent report from the European Liver Transplant

Registry stated that cirrhosis was the indication for LT in

58% of patients, with the following distribution: viral

(39%), alcoholic (33%), primary biliary cirrhosis (9%),

unknown (8%), autoimmune (4%), and other (7%) [1].

No definitive cause for cirrhosis can be identified in up to

20% of patients who have end-stage liver disease (cryp-

togenic cirrhosis); however, many of these patients most

likely have “burned-out” nonalcoholic steatohepatitis [5].

Data reported by the Organ Procurement Transplant

Network (OPTN) from the United States show that the

average age of adult recipients has increased steadily over

the past 10 years. In 2009, approximately 75% of adult

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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recipients were older than 50 years and male recipients

predominated, with a 2 : 1 male : female ratio [6].

Surgical aspects of liver
transplantation

It is not the objective of this chapter to review surgical

issues indetail.However, somestrategies aimedto increase

the availability of transplantable livers are discussed.

Inmost cases livers are procured from cadaveric donors.

In an attempt to increase the availability of cadaveric

donors, some countries have implemented transplanta-

tion from donors after cardiac death, known as DCD

donors. This strategy is associated with a greater risk of

complications after LT, especially biliary complications [7].

To minimize the risk, careful selection of these donors is

mandatory.

Split LT is a strategy in which a liver from a cadaveric

donor is used to transplant two patients, generally a child

and an adult [8]. Domino LT is a more recent strategy

that consists of transplanting the explanted livers of

patients that are undergoing LT for metabolic or genetic

diseases that do not compromise liver function [9]. The

largest experience is with hereditary amyloidosis, which

is an autosomal dominant disease characterized by the

production of a mutant protein (most often transtiretin)

by the liver. These patients develop progressive neurop-

athy and cardiomyopathy but if LT is performed in a

timely manner the symptoms can stabilize or regress. As

it takes two to five decades for patients to develop the

symptoms, these normally functioning livers can be

transplanted into patients with decompensated cirrhosis

or hepatocellular carcinoma (HCC). Of course, the risk

for the recipient of these livers is the development of

hereditary amyloidosis so this strategy should not be used

in young patients.

Living donors are also used in LT. In fact, in some

countries, cadaveric donor LT is not performed because

of religious or cultural issues and living donors are

exclusively used [10]. The main impediment to this

technique is the balance between the donor’s and the

recipient’s risks. The remnant liver in the donor and the

transplanted liver in the recipient must be sufficient to

provide an adequate liver function. This balance is easily

achieved in an adult donor and a pediatric recipient. In

Figure 8.1 an algorithm for the evaluation of a possible

living donor is shown.

Patient selection

LT in patients with cirrhosis is indicated when life expect-

ancy related to the end-stage liver disease is considered to

be significantly reduced. Less frequently, LT in patients

with cirrhosis is indicated when the quality of life is

compromised as a result of specific complications that

are not necessarily related to a reduced life expectancy,

for example, severe intractable pruritus in patients with

cholestatic diseases.

The risk of death in patients with cirrhosis is mainly

related to its specific complications, which determine the

transition from compensated to decompensated cirrho-

sis. As reviewed in other chapters, survival of patients

with compensated cirrhosis has been reported to average

10–12 years [11]. Performing LT in these patients would

imply more risks than benefits. However, when compli-

cations such as encephalopathy and ascites arise, survival

at 5 years is reduced to 20–50% [11]. As the survival rate

at 5 years after LT is around 75% in large series, per-

forming LT in these patients is justified [12].

Theuseof scores suchas theChild–Turcotte–Pugh(CTP)

and themodel for end-stage liver disease (MELD) [13,14]

constitutes another way of predicting survival in patients

with cirrhosis (Figure 8.2).

The quality of life of patients with cirrhosis is not

reflected by any of the scores and it is difficult to assess

on clinical grounds. Mostly, quality of life is reduced as

the complications of cirrhosis appear. When evaluating a

patient with cirrhosis in terms of LT candidacy, attention

has to be focused on the development of clinical compli-

cations, on the calculation of the CTP and MELD scores,

and on the assessment of quality of life. Specific aspects of

each of these issues are reviewed.

Complications of cirrhosis

The development of ascites, encephalopathy, hyperbilir-

ubinemia, or variceal bleeding is considered by most

authors to mark the transition from compensated to

decompensated cirrhosis. Survival in these patients is

reduced to less than 50% at 5 years [11] and then LT

is justified. The particular case of variceal bleeding as the

only complication in patients with well-preserved liver

function (CTP A) must be considered separately. In this

scenario, in which strategies aimed at reducing the risk of

new bleeding events can offer the patient an acceptable

life expectancy, LT should not be indicated.
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Other complications like HCC and hepatopulmonary

syndrome (HPS) are clearly associated with a reduction

in survival, even though they are not recognized as

causes of “decompensation” of cirrhosis by most authors.

These complications share the fact that they are clear

indications for LT. Nevertheless, they must fulfill

specific criteria for the transplantation to be safe (see

contraindications).

LT is an excellent treatment for early (stage A) HCC

because it removes not only the tumor, but also the

oncogenic parenchyma [15]. The downside of LT in

patients with HCC is recurrence. The best results are

achievedwhen theMilan criteria are applied: one solitary

nodule <5 cm or up to three nodules <3 cm without

vascular invasion or extrahepatic spread [15]. The study

performed by Mazzaferro et al. [15] that was responsible

for the wide application of these criteria showed a sur-

vival rate of 83% at 4 years, with a chance of recurrence

of 8% in patients fulfilling these criteria. The possibility of

expanding these criteria to larger nodules or more than

three nodules has been evaluated with variable results.

What is clear from the experience is that the risk of

recurrence increases when transplanting patients with

higher tumor burdens [16].

In many countries, patients with HCC fulfilling Milan

criteria are prioritized on the waiting list. Once listed, if a

long waiting period is anticipated (>6 months), strategies

such as transarterial chemoembolization or percutaneous

ablation are applied to control tumor growth [17].

In selected patients with cirrhosis, single small nodules

(<2 cm), no portal hypertension, and well-preserved

liver function, surgical resection or percutaneous abla-

tion achieves great results and should be the treatment of

choice as long as patients do not have other indications

for LT [16].

HPS is associated with a 2-year survival rate of less than

50% [18]. As there is no other specific treatment for this

condition, LT is indicated. Resolution of the hypoxemia

Figure 8.1 Evaluation of a potential living donor for liver transplantation.
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occurs in most cases in a variable time after LT. However,

the severity of abnormality of gas exchange has to be

evaluated with caution before LT. Patients with HPS are

also prioritized on the waiting list in many countries in

order to prevent progression of disease and worsening of

hypoxemia [19].

In conclusion, patients with cirrhosis who develop any

of the following complications in the absence of contra-

indications have to be referred for LT: ascites, encephal-

opathy, jaundice, variceal bleeding (except CTP A), HCC,

and HPS.

Scores that predict mortality: CTP and

MELD

The CTP score was originally designed to predict mortal-

ity following portosystemic shunts, [13] then it was found

to be a good predictor of mortality in many other settings.

As three of the five variables included in the CTP score

are clinical complications of cirrhosis (i.e., ascites, ence-

phalopathy, and jaundice), patients with high CTP scores

have already developed these complications and have a

clear indication for LT. ACTP score of�7 are considered to

be sufficient criteria to list a patient for LT [20].

The MELD score was originally designed to predict

mortality after theplacementofportosystemic shunts [14].

Like theCTP score, itwas then found to beof great value in

predicting mortality in other settings. In fact, the MELD

score is the allocation system adopted by many countries

recently because of its capacity to accurately predict

3-month mortality on the waiting list [14]. As the

MELD score is calculated from creatinine, INR, and biliru-

bin levels, it does not always reflect the complications of

cirrhosis and it is not infrequent to observe patients with

decompensated cirrhosis with low MELD scores. The

opposite is also possible; patients with high MELD scores

whohavenotdeveloped clinical complications. Ingeneral,

performingLT inpatientswithMELDscores lower than 15

would not be justified, because it would imply more risks

than benefits [20]. However, the decision to transplant a

patient cannot depend on a single score and the clinical

Figure 8.2 Evaluation of patients with end-stage liver disease for liver transplantation. CTP, Child–Turcotte–Pugh score; MELD,

model for end-stage liver disease.

78 Chapter 8



situation and quality of life should be taken into

consideration.

Further refinement of MELD should improve fairness

in organ allocation. Other variables such as sodiumor age

have been incorporated into the formula with this inten-

tion, but with discordant results [21]. For this reason,

the interaction between MELD and sodium was eval-

uated in a large cohort of patients on the waiting list in

the United States (OPTN). The authors found that com-

pared with the MELD score, the addition of sodium

(MELDNa score) provided better calibration and discrim-

ination of the risk of death among candidates for LT.

In conclusion, the CTP and the MELD scores are very

useful tools to predict mortality in patients with cirrhosis.

Patients with CTP score >7 and MELD score >14 should

be considered for LT. These scores do not substitute but

complement the clinical evaluation of a cirrhotic patient

when determining candidacy for LT.

Quality of life as an indication for LT

Most patients with decompensated cirrhosis have a poor

quality of life, perhaps directly related to specific compli-

cations such as refractory ascites that requires repeated

paracenteses at short intervals, and chronic encephalop-

athy. In these cases, the indication for LT is obvious and

mainly related to the mortality implied by each of the

complications. However, a minority of patients present a

reduced quality of life without having the classic com-

plications of cirrhosis or high CTP and MELD scores. This

is frequently observed in patients with cholestatic dis-

eases complicated with refractory pruritus. There is no

accurate way of measuring quality of life in these cases as

this aspect is not incorporated in any allocation system.

Transplantation of patients with deteriorated quality of

life but without a reduction in life expectancy is contro-

versial, because it would limit the opportunities for other

patients at risk of death to be transplanted.

Evaluation of candidates for liver
transplantation

Once the decision to transplant a patient has been made,

the next step is to perform a thorough evaluation of the

candidate in order to detect possible contraindications for

LT and to determine individual risks related to the sur-

gery. In general, each transplant center designs a protocol

to evaluate the candidate. The clinical history and physi-

cal examination together with specific diagnostic tests are

performedwith special attention to the following aspects.

Extrahepatic diseases The candidates are considered at

increased high risk in the presence of any severe extra-

hepatic disease that might interfere with the surgery or

with the postoperative course. Cardiovascular and res-

piratory diseases not related to the cirrhosis are the most

common conditions that might contraindicate LT.

Coronary artery disease and chronic obstructive pul-

monary disease are frequently detected during the

evaluation of a candidate. Most centers perform cardio-

vascular (EKG, echocardiography) and respiratory (chest

X-ray, pulmonary function tests, oxygen saturation)

assessments in the pretransplant evaluation.

As dobutamine stress echocardiography seems to be an

effective screening test for occult coronary disease, some

guidelines recommend it in patientswith risk factors [20].

However, there is no general agreement on the matter.

Cardiac catheterization should be performed in patients

with positive stress tests in order to confirm and to

further delineate the extent of the coronary disease. It

should also be performed in patients with known coro-

nary artery disease [20].

In the evaluation of pulmonary disease, further studies

(e.g., computed tomography, diffusion tests) are per-

formed if the medical history and physical examination

or the initial work-up suggest advanced disease. Any

other diseases must be evaluated together with the

specialist so as to estimate the specific risks.

Extrahepatic malignancies As immunosuppression might

increase the risk of recurrence and de novomalignancies,

patients with a history of extrahepatic malignancies must

have a prudent period of control before LT. At present,

there is no consensus on the optimal window of time

between oncologic cure and LT. A period of at least a 5-

year tumor-free interval before LT seems adequate [22]

but the decision should be taken on a case-by-case basis.

Nutritional status Both obese and malnourished patients

are frequently evaluated for LT. Even though there is no

general agreement, morbid obesity and severe mal-

nutrition should be considered contraindications for

LT. When possible, every effort should be made to

help obese patients to achieve weight loss before

LT [20]. The nutritional status of malnourished patients
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can be improved by means of enteral or parenteral

nutrition to improve post-LT outcomes [23]. However,

this is difficult to achieve in patients with advanced

cirrhosis.

Alcohol and substance abuse Cigarette smoking is associ-

ated with worse outcomes in terms of specific complica-

tions in the postoperative period and with higher risks of

coronary artery disease and malignancies [24,25]. Even

though smoking is not amajor contraindication for LT, all

candidates should be encouraged to try to abstain from

smoking [20]. A history of heavy alcohol consumption or

even active alcohol consumption is frequently observed

in patients who are being evaluated for LT. Most centers

require a 6-month abstinence period before LT [26]. This

requirement has two main objectives. The first is related

to the chance of liver function improvement, which may

be achievedwith abstinence in selected cases. The second

objective aims to detect patients at risk of relapse after

LT [27].

It is essential to rule out drug abuse (e.g., opiates,

sedatives, cannabinoids). This behavior denotes a high-

risk group requiring psychiatric assessment and treat-

ment. Active drug abuse is a relative contraindication to

be listed for LT [28]. Such patients tend to be poorly

compliant with post-transplantation care and follow-up,

and thus have worse outcomes.

Age and psychosocial issues Age is no longer considered an

absolute contraindication. Physiologic age, rather than

chronologic age, dictates the individual’s suitability for

candidacy [28]. However, older patients have lower

long-term survival rates after transplantation than youn-

ger individuals, mainly because of an increased risk of

death from malignancies and comorbidities [20].

Individuals should meet reasonable expectations of

compliance after LT. Therefore, any significant psychiat-

ric disorders must be under medical control. In addition,

patients must have adequate support during the perio-

perative period. This aspect is usually evaluated by a

social worker and a mental health worker in the pre-

transplant evaluation.

Osteoporosis As pathologic fractures are common after

LT, screening and subsequent treatment or prevention of

osteoporosis are mandatory in patients with cirrhosis

prior to the procedure [20].

Hepatocellular carcinoma Post-LT results in patients with

HCC fulfilling Milan criteria are excellent. Most centers

consider HCC exceeding Milan criteria a formal contra-

indication for LT. However, some strategies might be

applied in order to reduce the tumor burden in patients

who exceed Milan criteria. Transarterial chemoemboli-

zation or percutaneous ablation might be indicated as a

strategy to downstage or downsize the HCC and make

some selected candidates suitable for LT [16]. Extrahe-

patic disease including portal and/or hepatic vein inva-

sion is considered a major contraindication for LT [20].

Hepatopulmonary syndrome Patients with severe hypox-

emia (PO2 <30mmHg) have increased perioperative

mortality and an expected survival of less than 12

months after LT [29]. There is no agreement on what

degree of hypoxemia would contraindicate LT. For some

centers, a PO2 <50mmHg is considered a contra-

indication. Every effort should be made in order to

perform LT before this level of hypoxemia is reached.

This is the reason why most countries prioritize patients

on the waiting list when the PaO2 >50mmHg [19].

Portopulmonary hypertension Severe portopulmonary

hypertension (PPH), defined as a mean pulmonary arte-

rial pressure (MPAP) of �45mmHg, is an absolute con-

traindication for LT, because mortality in the

postoperative period is almost universal [30]. Patients

with moderate PPH, defined as MPAP of 35–45mmHg,

should be evaluated with caution and candidacy should

be determined on a case-by-case basis. Post-LT mortality

rate in these patients might be as high as 50%. Patients

with mild PPH, defined as a MPAP of 25–34mmHg, are

good candidates for LT [20].

Surgical issues Careful evaluation of portal vein patency

by imaging is important in order to detect portal vein

thrombosis, a frequent complication of end-stage liver

disease. In some cases of diffuse thrombosis of the portal

and mesenteric veins, LT might be technically not feasi-

ble [20]. Even though it is not a contraindication for LT,

a higher risk of bleeding and of surgical complications

is observed in patients with previous abdominal

surgeries [20].

Cholangiocarcinoma In patients with end-stage liver dis-

ease secondary to primary sclerosing cholangitis, chol-

angiocarcinoma is a feared and frequent complication.
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These patients should be excluded from consideration for

LT because of the high incidence of recurrence [20].

Liver transplantation in patients
with cirrhosis and renal failure

Renal failure prior to LT is a strong predictor of renal

failure, other complications, and death after LT [31–33].

Acute renal failure is common in patients with end-stage

liver disease, with an estimated prevalence of 30% [11].

Mortality in patients who are transplanted with acute

renal failure might be as high as 50% at 12 months [34].

It is important to determine the etiology of renal failure,

because patients with hepatorenal syndrome are likely to

recover renal function after LT [34]. However, other

etiologies of renal failure might not improve or might

even worsen after LT and therefore may require simul-

taneous liver–kidney (SLK) transplantation [34].

The decision to perform an LT or an SLK transplant in

this setting is not easy. If a single LT is performed and the

renal function does not improve or it worsens after the

procedure, the outcome is poor. On the other hand, if an

SLK transplant is performed in cases in which the renal

function might have recovered after a single LT, not only

the morbidity and mortality related to the transplant

increase, but also a kidney is unnecessarily removed

from the donors’ pool. The First International Liver

Transplantation Society Expert Panel Consensus Confer-

ence on Renal Insufficiency laid out criteria for qualifying

patients for SLK transplantation (Table 8.1) [34].

Hyponatremia is a frequent complication of end-stage

liver disease. Approximately one-third of the candidates

present some degree of hyponatremia at the time of LT.

These patients have an increased rate of infectious and

neurologic complications after LT. Rapid correction of

hyponatremia after LT is associated with neurologic

complications such as seizures and central pontine

myelinolysis [35–37] so it is highly recommended to

try to resolve this complication before LT is performed.

Liver transplantation in HIV-positive
patients

The improvement of antiretroviral therapy changed the

history of HIV disease, which is nowadays a controllable

chronic disease [38]. End-stage liver disease has evolved

as a significant cause of morbidity and mortality in HIV-

positive patients [39,40]. Most cases of cirrhosis in the

HIV-positive population are secondary to hepatitis C

virus (HCV) co-infection [40]. Chronic hepatitis B and

alcohol-related cirrhosis are also frequent in HIV-positive

patients [40].

Performing LT in HIV-positive patients is complex and

requires a multidisciplinary approach to select the ade-

quate candidate (Table 8.2). Interactions between anti-

retrovirals and immunosuppressors on one hand, and

severe HCV recurrence on the other hand, are the most

challenging issues. Survival after LT in HIV-positive/

HCV-negative patients is similar to the survival achieved

in the HIV-negative population [41]. LT in HIV- positive/

HCV-positive patients is associated with lower patient

and graft survival than HCV mono-infected patients.

Better refinement in recipient and donor selection will

probably improve the outcomes in these patients [41].

Conclusions

LT is the only curative treatment for patients with

decompensated cirrhosis. Excellent results are obtained

when the candidate is property selected and evaluated.

As contraindications for LT undergo frequent modifica-

tions, a case-by-case approach in consultation with the

transplant center is suggested in complex cases. Most

Table 8.2 Criteria for selection of HIV-positive patients for liver

transplantation.

• CD4 counts >200 cell/mL or >100 cell/mL in the presence of

portal hypertension

• Absence of viremia

• Absence of AIDS-defining illness after immune reconstitution

• Therapeutic options available if HIV disease reactivates

Table 8.1 Criteria for simultaneous liver–kidney transplantation.

• End-stage renal disease and dialysis

• No dialysis but a glomerular filtration rate <30mL/minute and

proteinuria >3g/day with a 24-hour urine protein: creatinine

ratio >3

• Acute kidney injury and a requirement for dialysis at least 2 times

per week for more than 6 weeks
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countries use theMELD allocating system. This strategy is

under constant revision and might be refined or replaced

in the near future. Mortality on the waiting list continues

to pose a large problem. Only improvement in pro-

curement and deceased donations might reverse this

situation.
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CHAPTER 9

Acute-on-chronic liver failure
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Introduction and definitions

Acute-on-chronic liver failure (ACLF) is a new clinical

entity defined as an acute deterioration of pre-existing

chronic liver disease, usually relating to a precipitating

event characterized by a marked systemic inflammatory

response, organ failure, and a high mortality rate [1,2].

Three types of ACLF have recently been described based

on whether there is underlying cirrhosis [3]:

• Type A ACLF occurs in patients with chronic liver

disease but no underlying cirrhosis (e.g., hepatitis B

reactivation).

• Type B ACLF occurs in patients with well-compensated

cirrhosis who rapidly deteriorate following a major

hepatic insult.

• Type C ACLF occurs in patients with decompensated

cirrhosis.

It is important to differentiate ACLF from chronic

decompensation due to progression of cirrhosis as

ACLF often results from an acute insult so there is an

element of reversibility. Early recognition and aggressive

treatment of the syndrome may reduce the high mortal-

ity rate associated with this condition. Figure 9.1 illus-

trates the difference in clinical course between ACLF and

decompensated liver disease [4].

Epidemiology

The results from the recently published CANONIC study

involving 1343 patients [1] carried out under the

umbrella of the Chronic Liver Failure-EASL consortium

has allowed the hepatology community to gain a better

understanding not only of the epidemiology, but also of

the diagnostic criteria and prognosis of ACLF. The syn-

drome is relatively common and is present in 23% of

patients on admission or develops in a further 11%

during hospitalization [1]. ACLF is associated with a

28-day mortality that is 15 times higher than patients

with no ACLF [1]. It was once thought that in patients

with ACLF who recovered from the acute insult, the

long-term outcome was comparable to that of the

patients with compensated cirrhosis. However, it is

now known that in the subgroup of ACLF patients

who develop organ failure and are discharged from

hospital, future development of organ failure is common

and nearly all the patients die within 3 years [5], sug-

gesting that the occurrence of organ failure truly alters

the natural history of the disease.

Pathophysiology

The pathophysiology of ACLF can be explained using the

PIRO concept, which was initially developed for use in

the sepsis setting [6]. Using this concept in ACLF, “P”

stands for predisposition, predisposing factors that make a

cirrhotic individual more likely to develop ACLF and

organ failure. “I” represents the acute insult or precipitating

event. “R” stands for the inflammatory/immune response,

which occurs as a consequence of the acute insult. “O”

signifies organ dysfunction, which is the final sequela of the

inflammatory response generated following the acute

insult [4].

Predisposition (P)

In a large prospective study of ACLF patients conducted

over 6 years [5], it was clearly highlighted that cirrhotic

patients who develop organ failure following an acute

insult were more likely to be of male gender, have a high

Child–Pugh or MELD score. The CANONIC study has

provided more robust data demonstrating that patients
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with ACLF at enrollment are younger and aremore likely

to have alcoholic cirrhosis as the underlying cause for

their cirrhosis but less likely to have hepatitis C virus-

related cirrhosis [1,7].

Precipitating events/acute insult (I)

As patients with ACLF have previously stable disease on a

background of either well-compensated or decompen-

sated disease, and thus have a variable functional mass at

the time of insult, the precipitants in ACLF are widely

variable [8]. From the CANONIC study data, in 57% of

patients, ACLF develops following an identifiable precip-

itating event. By extension, 43% of patients with ACLF

did not have an identifiable precipitating event. In

patients with an identifiable precipitant, bacterial infec-

tion was the most common cause and was observed in

33%of patients [1]. As well as bacterial infections such as

spontaneous bacterial peritonitis and urinary tract infec-

tions, viral infections are also recognized precipitants of

ACLF. For example, acute hepatitis A infection super-

imposed in a patient with chronic hepatitis B cirrhosis is

associated with a higher risk of ACLF and thus a high

mortality rate [9]. Cirrhotic patients who develop acute

hepatitis B and E infections also have a high risk of

developing ACLF and death [10,11]. Active alcoholism

was another identified precipitant in the CANONIC

study [1]. Table 9.1 summarizes precipitants of ACLF

that have been described in the literature to date:

Inflammatory response (R)

Following the initial insult, there is an altered host

response to injury resulting in an excessive systemic

inflammatory response. This induces tissue damage

and subsequent organ failure. In fact, the most striking

difference between patients that develop ACLF and those

that do not is that patients with ACLF demonstrate a

more severe degree of inflammation [1]. The mechanism

by which dysregulated inflammation occurs in ACLF

appears to be multifactorial.

In addition to the precipitating insult (which may

be infectious or non-infectious), there is abundant evi-

dence in the literature to suggest that cirrhotic patients

have increased bacterial translocation secondary to

increased intestinal permeability and changes in intesti-

nal microflora. Thus, patients with ACLF have increased

levels of circulating endotoxins and are essentially

exposed to two sources of insults. Indirect evidence of

bacterial translocation in cirrhotic patients is derived

from studies that have shown that up to 31% of non-

infected cirrhotic patients are positive for bacterial DNA

in serum and ascitic fluid. Furthermore, this group of

patients were more likely to die over a 12-month follow-

up period than patients whowere bacterial DNAnegative

with the most common cause of death being ACLF [12].

Figure 9.1 Representation of the clinical concept of acute-on-

chronic liver failure (ACLF). This figure describes the clinical

concept of ACLF to distinguish it from chronic decompensated

cirrhosis. The black line describes the course of a patient with

chronic decompensation of cirrhosis that during the evolution

of their liver disease will at some point develop organ

dysfunction. This is usually in association with advanced liver

disease where the only option for treatment is liver

transplantation and the chances of reversibility of liver disease

are very limited. This is in contradistinction to the patient with

ACLF (depicted by the solid gray line) who may often have a

good liver reserve and can deteriorate acutely over a short

period, usually in association with a precipitating illness that

results in organ failure and high risk of death. The patient may

also have advanced liver disease but be stable and deteriorate

acutely following a precipitating event, and progress to organ

failure. By contrast, this patient has the potential for

reversibility and recovery to the state the patient was in prior

to the acute event. Source: Jalan et al, 2012 [4]. Reproduced

with permission of Elsevier.

Table 9.1 Common precipitating events in acute-on-chronic

liver failure (ACLF). The precipitants may directly affect the liver

or may be a consequence of an extrahepatic insult.

Hepatic precipitants of

ACLF

Extrahepatic precipitants of

ACLF

Alcoholic hepatitis Infection

Acute viral hepatitis (A, B, E) Variceal hemorrhage

Drug-induced liver injury Surgery

Portal vein thrombosis Trauma

Ischemic hepatitis
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Despite the insults, ACLF patients are unable to gen-

erate an adequate immune response because of a dys-

functional innate immune system [4,13,14]. In patients

with ACLF, the Kupffer cells (resident macrophages of

the liver and main effectors of innate immune system)

are bypassed because of the presence of multiple intra-

and extrahepatic shunts leading to failure to effectively

clear endotoxins. In addition, the reduced protein syn-

thesis that occurs in cirrhosis results in defective in

complement production. This means that the opsoniza-

tion capacity of the Kupffer cells is reduced and thus

bacterial phagocytosis is impaired [14]. Another contri-

buting factor to an altered host response in ACLF is a

phenomenon known as “immune paralysis,” akin to that

seen in sepsis, and associated with a highmortality. It has

been demonstrated that in ACLF patients there is

reduced tumor necrosis factor α (TNF-α) production

following stimulation with lipopolysaccharide. There is

also a reduced expression of HLA-DR (an antigen-

presentingreceptorcomplex)onperipheralmonocytes[15].

The consequence of the immune dysfunction is that

the initiating insult overwhelms the host immune system

leading to an exaggerated release of pro-inflammatory

cytokines into the systemic circulation. This results

in systemic inflammatory response syndrome (SIRS)

[13,14,16]. SIRS is defined as the clinical expression of

an abnormal generalized inflammatory reaction in

organs distant from the initiating insult [16]. It is reported

that up to 42% of ACLF patients who develop organ

dysfunction have evidence of SIRS despite the absence of

infection in these patients [5]. In addition, in the

CANONIC study, the patients with ACLF had signifi-

cantly higher plasma levels of C-reactive protein than

patients without ACLF [1]. The presence of SIRS is

associated with more severe encephalopathy, an

increased incidence of bacterial infection, and renal fail-

ure [17]. SIRS also occurs more frequently in nonsurvi-

vors of ACLF than in survivors [5].

Innate immune dysfunction also results in macro-

circulatory dysfunction. It is known that patients with

ACLF have a hyperdynamic circulation and high cardiac

output. There is also peripheral vasodilatation and a low

systemic vascular resistance resulting in a reduced effec-

tive arterial volume and a decrease inmean arterial blood

pressure. The consequence of these circulatory changes is

end-organ hypoperfusion. This, in combination with a

SIRS response, may result in organ failure, multi-organ

failure, and ultimately death [13].

Organ dysfunction (O)

Organ failure has a central role in the clinical course of

ACLF occurring in one-third of hospitalized patients with

chronic liver disease [1]. In addition to the liver, the organs

commonly affected include the kidneys, brain, circulatory

system, and adrenal glands. In the CANONIC study, the

diagnosis of organ failure was defined as in Table 9.2.

Liver The hallmark of the liver manifestation of ACLF is

hyperbilirubinemia and coagulopathy. Hyperbilirubine-

mia arises as a result of reduced detoxification function

of the liver. In addition, the reduction in the liver’s syn-

thetic function leads to a decrease in the production of

coagulation factors and, as a consequence, coagulopathy

results. Hyperbilirubinemia and coagulation failure have

been identified as independent predictors of mortality in

Table 9.2 The EASL-CLIF consortium diagnostic criteria for

ACLF in patients with chronic liver disease following an acute

decompensation.

Organ

system

Variable Value

Liver Bilirubin (mg/dL) >12

Kidney Creatinine (mg/dL) �2 or renal

replacement

Brain Hepatic encephalopathy (HE)

grade

III–IV

Coagulation International normalized

ratio (INR)

>2.5

Circulation Vasopressor Any use of

vasopressors

Lungs PaO/FiO2

SpO2/FiO2

<200

<214

No-ACLF

• Patients with no organ failure

• Patients with single hepatic coagulation, circulation or respiratory

failure, serum creatinine <1.5mg/dL, and no HE

• Patients with cerebral failure and serum creatinine <1.5mg/dL

ACLF-1

• Patients with single kidney failure

• Patients with other single failure with: serum creatinine �1.5 and

<2mg/dL; HE grade I–II

ACLF-2

• Patients with two organ failures

ACLF-3

• Patients with three or more organ failures

Data from Moreau et al., 2013 [1]. Reproduced with permission of

Elsevier.
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ACLF [4,5,18,19]. Histopathologically, it appears that the

presence of cholestasis is associated with increased risk of

infectionandballoondegenerationmaybeassociatedwith

poorer outcome. The mechanism of cell death in this

syndrome remains unclear.

Kidneys Kidney function is almost universally altered in

patients with ACLF [20]. Renal failure defined using the

EASL-CLIF criteria is associated with a higher mortality

risk than any other organ failure [3]. The most common

causes of kidney failure are pre-renal azotemia, hepa-

torenal syndrome, and acute tubular necrosis [21]. SIRS

is present in approximately 40% of patients with func-

tional renal failure. In addition, the presence of SIRS in

patients with functional renal failure was associated with

an in-hospital mortality rate of 68% [22]. Further evi-

dence that SIRS has an important role in kidney failure

associated with ACLF is derived from studies that have

shown the use of anti-inflammatory agents such as

pentoxifylline improves renal function or significantly

decreases the risk of developing renal failure in patients

with alcoholic hepatitis [23,24].

Hepatorenal syndrome (HRS) is the development of

functional renal failure in patients with advanced liver

disease. Type 1 HRS, which occurs in an acute setting, is a

rapidly progressive decline in renal function associated

with a mortality rate of 80% at 2 weeks [25]. Our current

understanding is that HRS develops as a result of the

hemodynamic dysregulation associated with portal

hypertension. In this setting, splanchnic vasodilatation

leads to decreased effective arterial volume resulting in

severe renal vasoconstriction and hypoperfusion. Activa-

tion of the sympathetic nervous system through a hep-

atorenal reflex arc is also thought to have a role. In

addition, there is altered renal blood flow autoregulation

in patients with HRS. However, attempts to restore this

circulatory dysfunction with the use of splanchnic vaso-

constrictors (terlipressin) and volume expanders (albu-

min) only improves renal function in about 40–50% of

patients [26]. These observations indicate that other

pathophysiologic mechanisms may be responsible for

the development of HRS. Indeed, recent studies have

demonstrated histopathologic evidence of renal tubular

cell death associated with apoptosis, increased renal tubu-

lar expression of toll-like receptor 4 (TLR4), and increased

urinary markers of acute kidney injury such as nGAL and

more recently urinary TLR4 providing possible novel

biomarkers and approaches to therapy [27].

Brain Hepatic encephalopathy (HE) can occur either as

a precipitating factor or a consequence of ACLF. It is a

feature in up to 75% of patients with ACLF [28]. Brain

edema is central to the development of HE in ACLF.

Hyperammonemia occurs in ACLF because of a reduc-

tion in the liver’s detoxifying abilities. This high level of

ammonia then diffuses into the brain. Once in the brain,

it combines with glutamate to form glutamine. An

increase in brain glutamine levels results in astrocyte

swelling. Hyponatremia, another common finding in

ACLF patients, also exacerbates astrocyte swelling

because of differences in osmolality between the intra-

cellular and the extracellular compartments [29,30]. Sys-

temic inflammation also has a role in astrocyte swelling

and cerebral edema. Patients with evidence of infection

or SIRS are more likely to develop severe encephalop-

athy [31]. It is likely that a synergy exists between

hyperammonemia and inflammation. The high level of

ammonia may prime the brain to the deleterious effect of

superimposed inflammation, by induction of microglial

cells, which have a large repertoire for cytokine produc-

tion. This explains why measures that reduce the ammo-

nia levels or levels of endotoxemia reduce the occurrence

of HE [4,32–34]. Recently, it has been shown that HE

occurring in the context of ACLF is associated with an

extremely poor prognosis [35].

Adrenals Adrenal insufficiency occurs in 68% of

patients with cirrhosis and septic shock. Although the

mechanism responsible for this is not clear, it may be

related to reduction in adrenal blood flow, which occurs

as a consequence of circulatory changes in ALCF. In

addition, high levels of pro-inflammatory cytokines

seen in ACLF inhibit cortisol synthesis. Adrenal insuffi-

ciency may contribute to the development of multi-

organ failure in ACLF [36].

There is emerging evidence to suggest that extrahe-

patic organ failure may be more important in determin-

ing prognosis in ACLF [1,37]. Figure 9.2 summarizes our

current understanding of the pathophysiology of ACLF.

Management and prognosis

As ACLF is a potentially reversible condition, every effort

should be made to avoid further liver injury, identify any

treatable precipitating illness early, support affected

organs, and treat any complications until the liver
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recovers. The main aim of management is to prevent the

development of multi-organ failure, which is associated

with a high mortality rate.

Patients diagnosed with ACLF should be admitted to a

high dependency unit setting. General principles of man-

agement involve nutritional support, the use of intra-

venous antibiotics, ventilatory support, and inotropes.

Patients with renal insufficiency may require renal

replacement therapy. In those with variceal hemorrhage,

rapid control of the bleeding episode should be achieved

either by endoscopy or insertion of a transjugular intra-

hepatic stent shunt. Attention should also be paid to

nutritional support.

Liver support devices are intended to take over the

liver’s detoxification functions in patients with ACLF

until liver transplantation, recovery, or futility [4]. There

are two types of liver support devices available:

1 Non-biologic systems are the best-studied artificial liver

support devices. Themolecular adsorbent recirculating

systems (MARS) and fractionated separation and

adsorption system (Prometheus) are examples of non-

biologic artificial devices that are based on the principle

of albumin dialysis [38]. It is known that these devices

allow the elimination of albumin-bound and water-

soluble substances such as bilirubin, bile acids, and

ammonia, which accumulate in liver failure [39]. The

use of these devices can also encourage the elimination

of inflammatory molecules, reduce nitric oxide, and

improve systemic and hepatic hemodynamics [40]. A

recent prospective, multicenter randomized controlled

trial in ACLF patients using the MARS device failed to

show a survival benefit using the device. However,

MARS had an acceptable safety profile, significant

dialysis effect, and nonsignificantly improved severe

HE [41]. The HELIOS study is a multicenter random-

ized control trial that investigated the survival of ACLF

patients treated with Prometheus. The use of Prome-

theus did not increase the probability of survival [42].

It is likely that modifications to the current devices will

be necessary to improve their efficacy for use in ALCF

patients as the clearance efficiency for albumin bound

substances is still relatively low in all systems available

today [4,38]. Recently, several anti-endotoxin strate-

gies have been proposed as adjuvant therapy for

endotoxin activity. Polymyxin B-immobilized fiber

direct hemoperfusion (PMX-DHP) has been reported

to be safe and effective in septic patients [43,44] and

has demonstrated the ability to selectively remove

endotoxin from the bloodstream, favorably impacting

patient outcomes [45]. A retrospective study with

ACLF patients provides interesting insight about the

management of endotoxemia. PMX-DHP showed a

The PIRO concept of acute on chronic liver failure

Predisposition

Injury

Response

Organ

Severity of cirrhosis

Precipitating event
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Organ failure

Assessment
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∙  MELD
∙  Biomarkers

∙  Hepatic
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∙  [Therapies]
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∙  SOFA

∙  APACHE
∙  [Biomarkers]

Figure 9.2 The PIRO concept of acute-on-chronic liver failure (ACLF). In patients with ACLF, it is useful to think about the PIRO

concept in determining pathogenesis and prognosis. “Predisposition” is indicated by the severity of the underlying illness. “Injury” by

the nature and severity of the precipitating event. “Response” by host response to injury, which determines the severity of

inflammation and risk of infection. “Organs” by the extent of organ failure. Jalan et al., 2012 [4]. Reproduced with permission of

Elsevier.
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decrease of endotoxin levels, a more rapid recovery of

hemodynamic stability, and reversal of the inflamma-

tory state (TNF-α and IL-6) in the first 48 hours of

treatment. In addition, a 100% survival was observed

at 30-day follow-up [46].

2 Bioartificial systems use a bioreactor containing hepato-

cytes from human and animal sources coupled to a

blood purification device to improve detoxifica-

tion [38]. Examples of these devices are extracorporeal

liver assist device (ELAD), which uses immortalized

human hepatocyte cell lines, and HepatAssist, which

uses porcine hepatocytes. There is a paucity of data

regarding the use of these devices in ACLF patients.

Liver transplantation is the definitive treatment option

in patients who fail to respond to supportive care. How-

ever, there is currently no means of high-urgency listing

of these patients. Therefore, there is a high mortality in

ACLF patients that do manage to make in onto the

transplant list because this condition is associated with

a high short-term mortality and timing is crucial. Table

9.3 shows the 28-day and 90-day mortality in the

patients enrolled in the CANONIC study. In ACLF

patients who are transplanted, the survival rates are

similar to those in patients transplanted for other liver

condition [47].

Conclusions

In summary, ACLF is a distinct clinical entity that has to

be considered as a “syndrome.” There are now data on

the presentation and course of patients with this profile

of liver failure. A better understanding of the patho-

genesis of multi-organ failure in ACLF is crucial for

the development of specific therapeutic approaches

and further research in this area is required.
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Introduction

Hepatocellular carcinoma (HCC) accounts for 70–85%

of the total primary liver cancers worldwide [1]. HCC is

diagnosed in more than a half million people annually

and is a fatal disease, the second most frequent cause of

cancer-related deaths in males [2]. The global distribu-

tion of HCC prevalence represents a difference in etio-

logic factors of HCC among geographic areas. The

highest prevalence of HCC in Eastern Asia and sub-

Saharan Africa primarily comes from chronic hepatitis

B virus (HBV) infection in these areas. Hepatitis C virus

(HCV) infection is also a major cause of HCC develop-

ment in the United States, Japan, and central European

countries [3]. Depending on the region, there are other

risk factors including alcohol, obesity, and nonalcoholic

steatohepatitis (NASH), α-1 antitrypsin deficiency,

hemochromatosis, autoimmune hepatitis, and Wilson’s

disease [4]. Cirrhosis is recognized as the most impor-

tant risk factor of HCC, and the annual risk of HCC

development is 3–8% in HBV-associated cirrhosis and

1–7% in HCV-related cirrhosis [4,5]. In addition, the

probability of HCC development is directly correlated

with the stage of liver fibrosis in patients with chronic

liver disease [6].

Clinical features

The symptoms caused by HCC are variable, nonspecific,

and hard to differentiate from complications of cirrhosis

per se. Although fatigue and loss of appetite might be the

initial symptoms, patients with early stage HCC usually

do not present with any symptoms. Abdominal pain is

uncommon, but when present usually signifies a very

large tumor extending to the surface of liver capsule or

extrahepatic spread. Weight loss and unexplained fever

are alarming signs that should trigger a search for HCC in

cirrhotic patients. Deterioration of hepatic function in

cirrhotic patients, from compensated to decompensated

state, or aggravation of cirrhotic complications can be

accompanied by HCC development. HCC invasion to the

portal vein may decrease blood flow into the liver, which

in turn leads to jaundice, ascites, edema, hepatic ence-

phalopathy, or variceal hemorrhage. When HCC grows

and metastasizes to other organs, varied symptoms of

new onset can occur, such as bone pain (bony metasta-

sis), dyspnea (lung metastasis), and neurologic symp-

toms (brain or spinal metastasis).

On physical examination, a palpable mass with or

without tenderness on the right upper quadrant is often

a finding to suggest that HCC has already progressed to

an advanced stage. Jaundice is a bad prognostic sign, and

implies HCC invasion into the portal vein or bile duct, or

poor underlying liver function. Other signs including

muscle wasting, pitting edema, ascites, and palmar eryth-

ema are not specific to HCC because they can also be

observed as cirrhotic complications.

Surveillance of HCC

Screening is a one-time application of tests for detecting a

disease at an early stage. ForHCC, the term “surveillance,”

which is repeated application of screening, is more appro-

priate because patients with risk factors have life-long

probability of developing HCC [7]. As surveillance has

been found to significantly reduce HCC mortality by

detecting more cancers at an early stage, it is recom-

mended in high risk populations (i.e., cirrhotics with or

without chronic HBV or HCV infections) [8]. Surveillance

isusuallyperformedusingabdominalultrasound(US)and

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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serum alpha-fetoprotein (AFP) measurement at regular

intervals [9]. However, US is more sensitive and specific

than AFP elevation for early detection of HCC [10]. The

incorporation of serologic markers in surveillance pro-

gram to complement US is a matter of debate. Any tumor

marker including serum AFP is not recommended as a

surveillance test in Western countries because of its

inadequate sensitivity and specificity [10–13]. On the

contrary, data from clinical practice suggest that perform-

ance of AFPmight be better thanUS and that combination

of US and AFP could improve sensitivity to 90% with

minimal loss of specificity [14]. The interval for HCC

surveillance in cirrhotic patients has been set at 6–12

months, based on the estimated tumor growth rate. Six-

month interval seems to be superior to 12month in terms

of detection of early stage HCC, application of curative

treatment, and overall survival [15].

Diagnosis and staging

Unlike other solid tumors, the diagnosis of HCC is

largely made by noninvasive methods such as com-

puted tomography (CT) scan and magnetic resonance

imaging (MRI). Although liver biopsy for pathologic

confirmation has several limitations of false-targeting,

risk of bleeding complication, and tumor seeding, it is

currently the gold standard of HCC diagnosis [16].

However, the increasing accuracy and specificity of

imaging studies has largely eliminated the need for

routine liver biopsy (Figure 10.3).

HCC usually takes a multi-step carcinogenesis from

chronic inflammation to low or high grade dysplastic

nodule (DN) and to small HCC. DN, a pre-cancerous

lesion, is characterized by a distinctly nodular lesion

(1 cm in size) differing from the surrounding liver paren-

chyma regarding size, color and texture, and bulges on

the cut surface. The cellular atypia is at least moderate

in high grade DN, compared with mild in low grade DN,

but insufficient for HCC diagnosis. The differentiation

between high grade DN and well-differentiated HCC is

often difficult and identification of stromal invasion of

tumor cells supports the HCC diagnosis [17].

Dynamic contrast-enhanced CT scan is an essential

part of HCC diagnosis. Furthermore, the enhanced speed

and flexibility of multi-detector CT (MDCT) has enabled

higher spatial and temporal resolution of small lesions.

Following rapid intravenous infusion of contrast, images

are acquired at various time intervals corresponding to

the phase of contrast enhancement. HCC derives blood

flow predominantly from the hepatic artery and tends

to enhance during the arterial phase or 2–40 seconds

after contrast infusion. On the contrary, the surrounding

hepatic parenchyma obtains 75–80% of its blood flow

through the portal vein and is best demonstrated 50–90

seconds after contrast infusion during the portal phase.

This “arterial enhancement” and “venous washout’” are

a pattern typical of HCC on dynamic CT scan (Fig-

ure 10.1) [18]. MRI offers higher tissue contrast than

CT in the evaluation of HCC. Moreover, gadoxetic acid,

which behaves as an extracellular agent in the early

phase and as a hepatobiliary agent in delayed phase,

may allow for accurate diagnosis based on hemo-

dynamics and hepatocyte function (Figure 10.2). MR

scan using this contrast agent appears to have better

performance than multi-phase CT scan in the differenti-

ation of HCC from chronic liver disease, especially for a

lesion <1 cm [19,20].

Contrast-enhanced ultrasound (CEUS) is an imaging

technique that uses microbubble contrast agents that are

small (3–5 μm) enough to pass thorough the pulmonary

circulation. After a bolus injection, the contrast agents

show strong vascular enhancement and slowly diffuse

into the blood over about 5 minutes [21]. In particular,

Sonazoid, a new contrast agent, can be engulfed by

Kupffer cells and has a postvascular phase which begins

10 minutes after contrast injection and lasts for 60

minutes. Lack of Kupffer cells in HCC shows an enhance-

ment defect in postvascular phase while benign lesions

show sustained enhancement [22]. The advantages of

CEUS over dynamic CT or MRI are no deterioration of

renal function, real-time assessment of enhancement

pattern, and good tolerability [21].

Clinical criteria for noninvasive diagnosis of HCC has

been evolving with the increasing accuracy of dynamic

studies such as CT and MRI scans. In cirrhotic patients, a

nodule or mass >2 cm can be diagnosed as HCC if the

imaging finding is compatible with HCC (i.e., arterial

hypervascularity and portal/venous washout), in one of

multi-phase CT and MRI. A nodule between 1 and 2 cm

poses a diagnostic challenge even by biopsy [23–25]. It

remains controversial whether one or two dynamic imag-

ing modalities are necessary for the lesion sized 1–2 cm.

For a lesion less than 1 cm, repeated US follow-up with a

3–4 month interval is recommended to see any growth,

becausemost of the lesions are large regenerative nodules
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or dysplastic nodules. The diagnostic algorithm for HCC is

presented in Figure 10.3. The use of CEUS in HCC diag-

nosis has been excluded from updated American Associa-

tion for the Studyof LiverDiseases (AASLD) guidelines for

the reason that intrahepatic cholangiocarcinoma can be

misdiagnosed asHCC [26]. However, this issue needs to be

further studied.

It is important to assess the stage of HCC accurately and

consistently at the time of diagnosis for stratifying

patients to predict overall survival, facilitate treatment,

and enable comparison of research outcomes. Because of

the heterogeneity and complex clinicopathologic char-

acteristics of HCC aswell as cirrhotic backgroundwhich is

accompanied inmost HCCs, various staging systems have

been developed. The tumor–node–metastasis (TNM)

staging system proposed by the American Joint Commit-

tee on Cancer (AJCC) is the most widely applied in solid

cancers [27]. Although this staging was originally based

on pathologic information after surgical operation, vali-

dation in HCC patients who underwent nonsurgical

treatment has been tried according to advancement in

imaging techniques [28]. As the overall survival of HCC

patients is substantially affected by underlying liver func-

tion, several staging systems included Child–Pugh score

or class. The Cancer of Liver Italian Program (CLIP) score

combines tumor factors (tumor morphology, AFP, portal

vein thrombosis) and Child–Pugh score to generate a

simple scoring system [29]. Similarly, Japanese Inte-

grated Staging (JIS) combines Japanese TNM system

and Child–Pugh class to produce a score of 0–5 [30].

Figure 10.1 Four-phase, contrast-enhanced images of hepatocellular carcinoma from computed tomography (CT) scan. (a) Pre-

contrast phase; (b) a hypervascular, enhancing nodule is observed in the anterior, superior right lobe of liver in the arterial phase;

(c) the contrast has washed-out from the nodule in portal venous phase; (d) more wash-out is seen in delayed phase.

96 Chapter 10



The prognostic value of these staging systems has been

validated internally or externally [31,32]. However, it

appears that none can be recommended universally

because of the lack of validation in both Western and

Asia-Pacific populations. The Barcelona Clinic Liver Can-

cer (BCLC) staging system, proposed in 1999, is the only

one that is endorsed by AASLD and the European Asso-

ciation for the Study of the Liver (EASL) [33]. This is

unique in that it offers specific treatment recommenda-

tions for each stage. Four categories of A (early), B

(intermediate), C (advanced), and D (end-stage) are

based on the tumor stage (tumor size, number of tumors,

presence of portal vein invasion), liver function (Child–

Pugh class, bilirubin level, portal hypertension), per-

formance status indicated by European Cooperative

Oncology Group (ECOG) scale, and cancer-related symp-

toms (Figure 10.4). BCLC B and C stages have broad

ranges of tumors resulting in a wide range of survival,

which makes it challenging for this staging system to

provide a fine stratification of patients for clinical trial

design. Refinement of intermediate and advanced stages

combinedwith molecular classification like other cancers

such as breast cancer would be more helpful.

Treatment

Surgical treatment

Liver resection is the first option of curative treatment for

patients who have early stage HCC and well-preserved

Figure 10.2 Features of dynamic magnetic resonance imaging (MRI) of hepatocellular carcinoma. (a) An enhancing nodule-in-

nodule is noticed in arterial phase; (b) wash-out of contrast dye from the nodule in portal venous phase; (c) the nodule shows low

signal intensity compared with the neighboring parenchyma in delayed phase.

Hepatocellular carcinoma 97



liver function. Survival after resection has been increas-

ing with the improvement of operative techniques,

patient selection, and postoperative management. Ana-

tomic resection is the standard technique to achieve

complete removal of tumor in liver resection [34]. Pre-

operative measurement of liver function is important to

avoid postoperative liver failure. Child–Pugh classifica-

tion is a simple method to assess liver function, and

patients with Child–Pugh class B or C are poor candidates

for resection. However, this measure is insufficient to

stratify the operative risk of patients with Child–Pugh A.

The indocyanine green (ICG) clearance rate is commonly

used in Asian countries to complement preoperative

Child–Pugh classification. ICG-R15 up to 10–20% is

generally necessary for a safe major hepatectomy [35].

The best candidate for surgical resection suggested by

BCLC staging system is single HCC less than 2 cm in a

patient with performance status 0, Child–Pugh class A,

normal bilirubin level, and without portal hyper-

tension [33]. The prognosis of HCC patients who receive

a resection depends on underlying liver function and

tumor factors including tumor size, vascular invasion,

and presence of satellite nodules [36–38]. As recurrence

of HCC even after apparently curative resection is quite

common, careful monitoring is crucial.

Liver transplantation (LT) has the advantage that it

would eliminate the tumor and cure the underlying

liver disease. Early experiences of LT in HCC patients

found that tumor burden determined success of LT.

Patients with a solitary HCC of less than 5 cm or with

up to three nodules less than 3 cm (the Milan criteria)

have a 5-year survival of 70% after LT, with recurrence

rates of less than 10% [39]. This survival is equal to that

of most other indications for LT. The expansion of criteria

for HCC patients requires a careful consideration about

post-transplant outcomes in the context of absolute

donor organ shortage. The University of California San

Francisco (UCSF) criteria (one tumor �6.5 cm, three

nodules at most with the largest�4.5 cm, and total tumor

diameter �8 cm) is the only one which has been pro-

spectively validated to be comparable to Milan criteria in

terms of survival, even though the UCSF criteria were

developed according to post-transplant pathologic find-

ings [40]. Unlike deceased donor LT (DDLT) with organ

Figure 10.3 Diagnostic algorithm of hepatocellular carcinoma (HCC) (modified from AASLD and EASL guidelines). CT, computed

tomography; MRI, magnetic resonance imaging; US, ultrasonography. Adapted from AASLD guidelines (www.aasld.org/

practiceguidelines) and EASL guidelines (www.easl.eu/_clinical-practice-guideline).
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donations from brain dead or non-heart-beating donors,

living donor LT (LDLT) using the right or left lobe of a

healthy donor is widely applied for the treatment of HCC

in Asian countries including Korea and Japan, where

there is limited or no availability of deceased-donor

organs [41,42]. Post-transplant survival of patients seems

to be similar between DDLT and LDLT although donor

safety is one of the most important concerns in

LDLT [43]. The decision which to choose as a primary

modality between resection and LT needs to take several

aspects into consideration including donor availability,

tumor burden, liver function of recipient, and experience

of the surgical team. Overall long-term survival is not

different between LT and resection; however, HCC

recurrence rate is higher after resection [44]. Given

the limited availability of transplantable organs, resection

remains the main curative modality especially for HCC

patients with compensated liver function [45].

Local ablative therapy

Local ablative therapy (LAT) is a treatment modality for

HCC, adopting physical or chemical tumor destruction

by a needle inserted into the tumor. This technique is

regarded as a curative method together with resection

and LT, and includes percutaneous ethanol injection

(PEI) and radiofrequency ablation (RFA). In a random-

ized controlled trial, RFA was superior to PEI with

respect to overall survival, recurrence, and local tumor

progression in the treatment of three or fewer lesions,

each 3 cm or less in diameter [46]. In tumors �2 cm,

there seems to be no difference in survival between

RFA and PEI [47]. When performing RFA, there is a

technical difficulty if a nodule is close to large vessels or

bile duct, which act as heat sinks reducing thermal

power. In addition, more meticulous sedation or anal-

gesia is required to decrease procedure-related pain

than with PEI [48].

Figure 10.4 Barcelona Clinic Liver Cancer (BCLC) staging system. LT, liver transplantation; mo, month; OS, overall survival; PEI,

percutaneous ethanol injection; PST, performance status; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.

Adapted from AASLD guidelines ( www.aasld.org/ practiceguidelines) and EASL guid elines (www. easl.eu/_clinical -practice-

guideline).
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Transarterial chemoembolization

The basic concept of transarterial chemoembolization

(TACE) is that transarterial delivery of cytotoxic chemo-

therapeutic drugs combinedwith embolization of feeding

arteriesmight cause enhanced local anticancer and ische-

mic effects to tumor tissue, reducing systemic adverse

effects. The rationale for TACE is based on the predomi-

nant arterial blood supply to HCC in contrast with dual

(portal vein and hepatic artery) supplies to the other liver

tissue. In conventional TACE, administration of anti-

cancer drugs mixed with lipiodol (iodinized poppy

seed oil) is followed by occlusion of tumor feeding

arteries with embolic material like gelfoam particles.

This procedure requires advancement of a catheter

into the hepatic artery and navigating it into the segmen-

tal and subsegmental branches to a point of administra-

tion that maximizes tumor exposure, and minimizes

nontumor tissue damage [49]. Although TACE is the

most commonly used locoregional modality for HCC,

there is no standard protocol for this procedure and it

remains unknown which drug or combination among

doxurubicin, cisplatin, andmitomycin C exhibits the best

therapeutic effect. The typical candidates for TACE are

multiple tumors without vascular invasion or distant

metastasis in patients whose liver function is Child–

Pugh class A or B, which corresponds to BCLC stage

B. However, HCC of intermediate stage includes a broad

and heterogeneous population of patients who vary

widely in terms of tumor burden and liver function.

TACE was shown to provide a significant survival benefit

compared to supportive care by two independent sys-

tematic reviews [50,51]. The most common adverse

effect after TACE is fever which is a reflection of cytokine

release in response to tumor necrosis and systemic expo-

sure to chemotherapeutic drugs. Most patients under-

going TACE experience post-embolization syndrome

which is self-limited and consists of fever, nausea, vomit-

ing, and abdominal pain. More serious but less common

adverse effects of TACE include renal failure, bone mar-

row aplasia, liver abscess, systemic infection, bile duct

injury, cardiac toxicity due to doxorubicin, and hepatic

failure. Furthermore, repeated sessions of TACE may

result in hepatic arterial damage and deterioration of

liver function.

The limitations of conventional TACE of inconsistency

of techniques, size variation of gelfoam particles, and

nonstandardized treatment schedule require improve-

ment in catheter-based HCC management. Recently,

TACE using DC Bead (Biocompatibles UK Ltd.), which

is a novel drug delivery and embolic agent, may be

preferred for TACE. TACE with DC Bead results in

significantly higher rate of objective response with less

systemic toxicity than conventional TACE [52–56]. How-

ever, it remains to be further studied whether DC Bead

TACE could result in longer survival or decrease of

recurrence after treatment compared with conventional

TACE.

Systemic therapy

HCC displays a marked refractoriness to the currently

available cytotoxic chemotherapy. Furthermore, this is

usually aggravated because HCC readily develops drug

resistance during systemic treatment [57]. Among the

various underlying molecular mechanisms, multi-drug

resistance-1 (MDR-1) gene expressed in HCC tissue may

in part offer inherent resistance to cytotoxic agents [58].

Altered pharmacokinetics and metabolizing capability of

liver, and variable drug binding and distribution are

phenomena seen in HCC patients with cirrhosis, which

are also limiting factors for selecting and dosing appro-

priate drugs. The response rate is low, and the duration of

response is short. More importantly, survival benefit has

been rarely documented for systemic administration of

chemotherapeutic agents. Doxorubicin as a single agent

showed a small but significant overall survival gain

compared with supportive care. However, there was fatal

toxicity in 25% of patients [59]. Combination regimen

with cisplatin, interferon-α, doxorubicin, and 5-fluoro-

uracil (PIAF) produced a promising result of 26% of

response rate in a phase II study, but failed to show

superior survival compared with doxorubicin alone in a

phase III trial [60,61].

Among the complicated genetic and epigenetic alter-

ations related to HCC pathogenesis, several signaling

pathways have been implicated as key drivers for HCC

development. Overactivation of Raf/MEK/ERK signaling

pathway appears to be particularly important in this

regard (Figure 10.5) [62]. Oncogenic mutation of Ras

gene, overexpression of growth factors including platelet

derived growth factor (PDGF) and vascular endothelial

growth factor (VEGF), stimulation by HBV protein x

(HBx), or HCV core protein can induce overactivation

of Raf/MEK/ERK pathway, which in turn increases cell

proliferation and survival [63]. Apart from tumor cell

proliferation, angiogenesis is also involved in HCC inva-

sion and metastasis [64]. Established pro-angiogenic
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factors and their receptor signaling pathways in HCC

include VEGF, fibroblast growth factor (FGF)-2, PDGF,

and angiopoietin-2 [65].

Sorafenib is the first developed molecular targeted

agent that blocks Raf/MEK/ERK pathway by inhibiting

Raf serine/threonine kinase and also inhibiting the

upstream receptor tyrosine kinases that are important

in angiogenesis, such as VEGFR-2, VEGFR-3, PEGFR-β,

and kit. In a phase III, multicenter, randomized trial of

602 patients with advanced stage HCC, median overall

survival in the sorafenib group was 10.7 months versus

7.9 months in the placebo group (hazard ratio 0.69; 95%

confidence interval 0.55–0.87; P= 0.0001). Survival ben-

efit was preceded by a delay in time to progression: 5.5

months for sorafenib versus 2.8 months (P< 0.001) [66].

Based on these results, sorafenib was approved as the

first systemic drug for patients with advanced HCC not

amenable to other treatments including resection, abla-

tion, and LT. Diarrhea and hand–foot skin reaction

(HFSR) are consistently the most common adverse

events in patients treated with sorafenib [66]. HFSR

appears in the first 2–4 weeks of treatment as

hyperkeratotic lesions with superficial blistering and

callus formation usually affecting the flexural surfaces

of the digits. The lesions typically have a peripheral halo

of erythema and accompany symptoms of paresthesia,

burning pain, and decreased tolerance to contact with

hot objects [67]. Though the majority of HFSR cases are

grade I or II, and manageable in Western patients, the

incidence of HFSR was reported to be higher in Asian-

Pacific patients [68]. Other sorafenib-related adverse

effects include anorexia, alopecia, weight loss, dry

skin, abdominal pain, and hypertension. Because of its

adverse effects, relatively modest survival benefit (3

months in advanced HCC) and high cost, sorafenib is

not widely used. However, as the era of molecular target

therapy begins for HCC management, dozens of new

tyrosine kinase inhibitors or monoclonal antibodies for

HCC treatment are under clinical trials [69].

Other and emerging treatments

The heterogeneity of patient populations even in the

same stage makes it difficult to obtain consistent out-

comes after treatment. For example, post-TACE survival

Figure 10.5 Signal transduction related with development of hepatocellular carcinoma. See text for abbreviations.
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depends largely on tumor characteristics including tumor

number and size in BCLC-B stage [70]. Therefore, there

are several other treatment modalities that are used in

clinical practice and they need to be compared with the

current standard of care. With technical advancement,

data regarding the anticancer efficacy of external beam

radiation therapy have been accumulated in intermedi-

ate to advanced HCC [71,72]. Radioembolization with

yttrium-90 represents a novel form of catheter-based,

liver-directed radiotherapy. Although the precise indica-

tion for radioembolization is not established, a subset of

patients with intermediate stage with multiple (>5)

tumors, bilobar disease, and prior failure of TACE could

be candidates, along with those with advanced HCC [73].

Hepatic arterial infusional chemotherapy (HAIC) is a

kind of regional therapy to deliver chemotherapeutic

agents directly to the tumor through supplying vessels,

based on the first-pass effect of liver [74]. A randomized

trial to compare HAIC with sorafenib in advanced HCC

with portal vein invasion is ongoing. As recent studies

have revealed that microRNA, which is endogenous

∼22nt long single strand RNA, is closely related to

HCC cell survival and metastasis, microRNA-based

gene therapy is emerging as a novel and promising

strategy in the treatment of HCC [75].

Conclusions

Recent progress in molecular biology has enabled deeper

understanding of the pathogenesis of HCC and has

resulted in more attention to this cancer, which had

been called an “orphan disease.” It has alsomade possible

commencement of molecular targeted therapy. Appar-

ently, heterogeneous tumor and patient characteristics

make a multidisciplinary approach essential to the man-

agement of HCC. Also, clinical improvements in

unsolved issues including early detection of HCC,

more effective treatment of advanced HCC, and preven-

tion of recurrence are necessary.
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CHAPTER 11

Hepatic encephalopathy
Piero Amodio
Department of Medicine (DIMED), University of Padova, Padova, Italy

Introduction

Cirrhosis, far from being an isolated disorder of the liver,

has well known consequences on the whole body and,

notably, on brain functioning. The influence of liver

failure on the brain is clearly evidenced by mental

and/or behavioral changes that have been known since

Ancient Greek and Roman times. Hippocrates recognized

a “symptomatic delirium” related to “jaundice and sup-

pression of natural periodical evacuation” [1]. In the last

centuries, the issue of mental and behavioral alterations

in individuals with advanced liver disease was studied by

many authors [2,3].

The neurological or psychiatric alterations occurring in

severe liver failure were termed portosystemic encephal-

opathy (PSE) [4] and later included in the term hepatic

encephalopathy (HE) [5].

Definition

HE can be defined as brain dysfunction caused by liver

insufficiency and/or portosystemic shunting that pro-

duces a spectrum of neurologic and psychiatric abnor-

malities ranging from subclinical alterations to coma [6].

Consequently, the encephalopathies caused by isolated

defects of liver metabolism (e.g., urea cycle disorders,

Reye’s syndrome) or valproate hyperammonemia are

not implicated in the term HE.

Clinical manifestation

HE produces a wide and nonspecific spectrum of neuro-

logical and psychiatric abnormalities. In its mildest form,

HE is detectable only by psychometric or neurophysiologic

tools. Itmanifests clinicallywith personality changes, such

as apathy or irritability, and inappropriate behavior that

may be reported by patient’s relatives; also, obvious men-

tal changes and motor function are detectable on clinical

examination. Mental changes progressively include dis-

orientation to time and space, inappropriate behavior,

deliriumwith agitation or somnolence, stupor and,finally,

coma. Of motor changes, asterixis or “flapping tremor” is

the most typical and can be detected in the early middle

stages of HE, but not in coma. Actually, asterixis is not

tremor, but negative myoclonus consisting of loss of pos-

tural tone that is easily elicited by the hyperextension of

thewristswith separatedfingers. However, itmay involve

othermuscles. Rarely, transient focal neurologic signsmay

occur in severe HE [7].

In some patients, massive motor alterations occur. The

label of non-Wilsonian hepatocerebral or hepatolentic-

ular degeneration was given to persistent HE with prom-

inent extrapyramidal and/or pyramidal signs in which

postmortem brain examination proves the existence of

relevant pathologic changes with brain atrophy [8]. Rare

cases of paraplegia with progressive spasticity and weak-

ness of lower limbswith hyperreflexia and relativelymild

persistent or recurrent mental alterations that may or

may not reverse with liver transplantation [9,10] are

preferentially labelled as hepatic myelopathy [11].

Sleep disturbances were reported in subjects with

cirrhosis [4,12,13]; daily somnolence is the one that

has a proven relationship with HE [14]. Finally, it was

recently recognized that HE is associated with falls; if this

is caused by cognitive or motor abnormalities or by their

combination, or even by cirrhosis per se, is not yet

clear [15,16].

In brief, the manifestation of HE can be summarized

into the five patterns in Table 11.1. The exact grading of

the severity of mental alterations of HE is less relevant

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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than the pattern of HE presentation, because this latter is of

great importance both for HE recognition and for differ-

ential diagnosis. Staging of the severity of mental altera-

tion is simple and can be easily done according to West

Haven criteria (Table 11.2), possibly adopting operative

criteria [17].

Recently, the term “covert” HE was coined for

patients with grade 1 HE (barely discernible on clinical

examination) or minimal HE (i.e., only detectable by

specific tools) (Table 11.2) [18]. Other grading systems

can be used (CHESS scale [19], HESS scale [20], Glas-

gow Coma Scale, Mo-log [21]), but there is no clear

proof that they are better than the widely used West

Haven classification, once operative definitions of stag-

ing are used.

Proper assessment of HE takes into account not only

grading of the severity of mental alteration, but also the

underlying condition producing HE, the time course of

HE, and the existence of precipitating factors. There-

fore, proper assessment of HE is multi-axial [24]

(Table 11.3). Therefore, to properly HE in a single

patient, all the four items should be mentioned. If

possible, the information on treatment should be

added, because this can provide cues for diagnosis (a

mental disorder absolutely unresponsive to treatment

for HE may be something other than HE) and for

alternative or add-on treatment. For instance, a proper

report for a single patient with a bout of HE is “type C

episodic overt HE (grade 3) precipitated by paracentesis

in a subject on lactulose treatment.”

Epidemiology

The prevalence of HE is related to the severity of liver

dysfunction and/or the extent of portosystemic shunting.

The prevalence of overt HE is 10–14% in patients with

cirrhosis and 16–21% in those with decompensated cir-

rhosis [25,26]. The prevalence in noncirrhotic portal

hypertension is not defined. The prevalence of minimal

HEvaries according to: (i) the occurrenceof previous bouts

of overtHE [27,28]; and (ii) the tools used for its detection,

because it escapes obvious identification. A conservative

esteem is about 30% in inpatients with cirrhosis.

The incidence of overt HE was 9% at 5 years and 25%

at 10 years in a cohort of subjects with virus-related

hepatitis after the first diagnosis of cirrhosis [29].

Another study reported 25% cumulative incidence of

HE at 5 years after the diagnosis of compensated cirrhosis

of various etiologies [30]. Patients with decompensated

viral cirrhosis have 38% risk of overt HE within 2

years [31]. Subjects with a previous bout of overt HE

have a 40% cumulative risk of another bout of overt HE

at 1 year [32], and subjects with more than one bout of

overt HE in the previous 6 months have a 40% cumula-

tive risk of another bout within 6 months, despite

disaccharide treatment [33]. In individuals with minimal

HE detected by cognitive or EEG criteria, the incidence of

bouts of overt HE is 26–35 per 100 patient-years [34,35].

Subjects at higher risk for HE are those who under-

went transjugular intrahepatic portosystemic shunt

(TIPS) or surgical portosytemic shunt. The 1-year risk

Table 11.1 Clinical patterns of hepatic encephalopathy presentation.

Pattern Description

Coma The patient is eye closed, unresponsive even to pain stimulation

Abrupt confusional state Inhibited The patient is disoriented in time or/and space or/and identity and somnolent

Agitated The patient is disoriented in time or/and space or/and identity and agitated/

angry/restless

Almost continuous mental dysfunction with

interspersed recurrent confusional episodes

The pattern is dementia-like

Predominant motor disorder with mild/

moderate mental dysfunction/confusion

Extrapyramidal Parkinsonism, chorea, or athetosis

Pyramidal Spastic paraparesis with hyperyflexia

Minimal brain dysfunction The patient is oriented and his/her mental activity seems perfectly normal or

nearly normal; however, on psychometric testing cognitive alterations are

detectable (concerning attention, working memory, visuopractical ability,

inhibition). Other signs are the slowing of EEG activity and/or the reduction

of critical flicker frequency
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for HE after the procedure is estimated to be about

10–50% [36,37]. At any rate, the incidence of HE after

TIPS and after surgical portosystemic shunt [38] is greatly

influenced by selection criteria [39]. HE accounts for

approximately 100,000 hospitalizations each year in the

United States [40].

Diagnostic tools and differential
diagnosis

The diagnosis of HE is not always as simple as might be

expected and this depends, in part, on poor insight into

the concept of HE. This can lead to errors, ascribing

uncritically to HE any neuropsychiatric disorder occur-

ring in patients with liver disease, even without the

evidence of a causal link to liver failure or portosystemic

shunting. Consequently, brain disorders that only occa-

sionally coexist with liver disease can be mislabeled as

HE, preventing patients from receiving proper etiologic

treatment.

Basically, the diagnosis of HE is based on the clinical

findings; the differential diagnosis is based on the Bayes’

theorem, which states that the probability of a disease is

given by: (i) the a priori probability that the disease may

exist; and (ii) the likelihood of symptoms and/or signs.

Table 11.2 Grading of the severity mental alterations in hepatic encephalopathy.

ISHEN

criteria [18]

West Haven grading [22], updated concerning the conditions “MHE”

and “unaffected”

Operative criteriab

Unaffected

Covert Minimal Psychometric and/or EEG alterations without mental

changes on routine clinical examination

Grade 1 Trivial lack of awareness

Euphoria or anxiety

Shortened attention span

Impairment of addition or subtraction

Lack of consensus on definition, low inter-

rater reproducibility

Overta Grade 2 Lethargy or apathy

Disorientation for time

Obvious personality change

Inappropriate behavior

Disorientation for time

(� three incorrect items)

• Day of the week

• Day of the month

• The month

• The season

• The year

With or without other symptoms

Grade 3 Somnolence to semi-stupor

Responsive to stimuli

Confused

Gross disorientation

Bizarre behavior

Disorientation for placec

(� three incorrect items)

• State/country

• Region/county

• City

• Place

• Floor/ward

Plus Disorientation for time

With or without other symptoms

Grade 4 Coma, unable to test mental state • Unresponsive to pain stimuli

• Glasgow score <8

a The presence of asterixis (flapping tremor) is considered an independent marker of overt HE; note that it is absent in coma.
bOperative criteria were suggested to reduce misclassification caused by the colloquial and poorly defined terms used in West Haven

classification [17].
cAt variant from Folstein et al. [23], three items are required for disorientation in space, because hospitalized patients may reasonably ignore the floor.
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The probabilities of the occurrence of different diseases

should then be compared. Therefore, the first step

towards a diagnosis of HE is the detection of neurologic

or psychiatric findings compatible with HE. The second

step is the recognition that the patient has severe liver

insufficiency and/or portosystemic shunting, because

these conditions provide the a priori probability of HE.

The risk of HE is related to the severity of liver dys-

function, with the exception of the subgroup of individ-

uals with large portosystemic shunting, as these risk

factors are independent [41,42], so that patients with

huge shunting can experience HE even without liver

insufficiency. Hyperammonemia is a good marker of

portosystemic shunting, even with negligible liver dis-

ease [43], because ammonia has high first-pass liver

metabolism (about 70%) [44,45] and its plasma level

increases if portal liver perfusion is reduced due to

portosystemic shunting [46,47]. The value of hyperam-

monemia as a prerequisite for the occurrence of HE was

emphasized by Conn [48], but was later neglected or

even disputed [49], possibly due to confusion between

two concepts:

1 Hyperammonemia as an element involved in the

pathophysiology of HE.

2 Hyperammonemia as a marker of portosystemic

shunting and advanced liver disease.

In fact, even admitting that the pathophysiology of HE

is mutifactorial or uncertain, it is hardly conceivable that

a patient with low plasma ammonia may have encephal-

opathy caused by liver disease and/or portosystemic

shunting. In patients with low plasma ammonia, due

to the very low a priori probability of HE, intense scrutiny

for alternative causes of mental alteration is mandatory.

In addition, recently it was clearly proven that high

ammonia plasma level is a risk factor for the develop-

ment of HE [50].

Of note, ammonia determination needs some precau-

tion, because ammonia develops rapidly in blood main-

tained at room temperature. Therefore, blood samples

should be immediately put in ice, rapidly delivered to the

laboratory, and the determination should be performed

as soon as possible. The use of venous blood is simpler,

but arterial or capillary blood may be preferable.

The third step is the recognition of precipitating factors

for HE (e.g., bleeding, constipation, and infections) or a

history of previous bouts of HE, which further increase

the risk of HE. However, HE can occur without their

occurrence.

The fourth step is the exclusion of alternative causes or

the detection of concomitant causes of brain alteration,

depending on the clinical findings. However, the exclu-

sion of alternative causes does not require always formal

Table 11.3 The multi-axial classification of hepatic encephalopathy (HE).

Domain/

dimension

Name of the

domain

Subdivision Description

Underlying

condition

producing HE

Type A Caused by ALF

B Caused by PS without significant liver disease

C Caused by cirrhosis (both liver disease and PS shunting)

Severity of mental

alterations

Grade MHE Covert HE (see Table 11.2)

1

2 Overt HE (see Table 11.2)

3

4

Interval between

bouts of HE

Time course Episodic An occasional bout of HE

Recurrent Bout of HE occurring �6 months from the previous one(s)

Persistent Patient is always more or less symptomatic

Presence of

precipitating

factors

Precipitation

factors

Precipitated There is an obvious factor that produced the occurrence of the bout of HE. If this

the case it should be mentioned

Not precipitated Absence of a known factor to which to ascribe the occurrence of the bout of HE

ALF, acute liver failure; MHE minimal hepatic encephalopathy; PS, portosystemic shunting.
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investigation because it can be obtained by the history

and clinical manifestations together with probabilistic

reasoning. Finally, the response to treatment should be

considered to confirm the diagnosis or suggest the exis-

tence of alternative or concomitant neurologic disorders

(Figure 11.1).

On closer inspection, for the patient with coma or

confusion, thedifferential diagnosis betweenHEandother

disorders is reported in Table 11.4 For the patient with

almost continuous mild mental alterations interspersed

with relapses of confusion or even coma, the differential

diagnosis between relapsing and persistent HE and other

disorders is reported in Table 11.5. Finally, for the patient

with prominent motor disorder and mental/behavioral

alterations, the differential diagnosis between HE and

other disorders [51] is reported in Table 11.6.

Considering these alterative disorders that should be

taken into account in the differential diagnosis of HE, the

diagnostic procedures that are required for thediagnosis of

patients with suspected HE are reported in Table 11.7.

Particular problems are: (i) the association; and (ii) the

interaction between HE and other neurologic and meta-

bolic disorders that can produce encephalopathy per se,

but can also interact in the pathophysiologic pathways

producing HE. An example of the former is HE occurring

in an individual who is already suffering from vascular

dementia (stroke sequelae, Binswanger’s disease),

Alzheimer’s disease, or post-traumatic brain sequelae.

The clinical improvement – albeit incomplete – after treat-

ment for HE orients towards a diagnosis of HE associated

Figure 11.1 Flow chart for the diagnosis of hepatic encephalopathy (HE). ARD, ammonia reducing drugs (disaccharides/rifaximine

or other antibiotics).

Table 11.4 Differential diagnosis of HE for patients with acute

confusion or coma.

1 Diabetic ketoacidosis or hyperosmolar coma

2 Drug intoxication (Bz, opioids, neuroleptics, valproate) or

alcohol intoxication

3 Encephalitis/meningitis

4 Head trauma

5 Hypercalcemia

6 Hypercapnia

7 Hypoglycemia (for coma)

8 Malingering

9 Nonconvulsive epilepsy (for coma)

10 Sepsis*

11 Severe, acute hyponatremia*

12 Stroke (hemorragic/ischemic)

13 Wernike’s encephalopathy (thiamine deficiency) (for confusion)

For agitated confusion state, consider drug intoxication and acute

psychosis

* Sepsis, hyponatremia, and, to a lesser extent, thiamine deficiency are

also implicated into the pathophysiology of HE, so that the conditions

may overlap.
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with another brain disease. An example of the latter is

sepsis that can produce encephalopathy per se (septic

encephalopathy) [52], but also interacts with the mecha-

nisms producing HE and is therefore a cause of HE [53].

The same occurs for hyponatremia [54,55] and, possibly,

thiamine deficiency [56].

The existence of concurrent causes of brain dys-

function should be considered, diagnosed, and properly

treated, because mixed encephalopathies do exist and

Table 11.5 Differential diagnosis of HE for patients with highly

relapsing/persistent mental impairment.

1 Alcoholic dementia

2 Alzheimer’s disease and other neurodegenerative dementias

3 Brain masses (subdural hematoma, slow-growing tumors)

4 Drug related encephalopathies

5 Hypercalcemia

6 Hyponatremia

7 Hypothyroidism

8 Korsakoff dementia (thymine deficiency) and other

micronutrient deficiencies (e.g., B12)

9 Neurologic sequelae (trauma)

10 Obstructive sleep apnea syndrome

11 Renal failure (uremic encephalopathy/dialysis and disequilibrium

syndrome)

12 Vascular dementia

• Binswanger’s disease

• Hypoperfusion

• Large stroke or multiple strokes

• Stroke in strategic areas

Table 11.6 Differential diagnosis of HE for patients with

prominent motor disorder with mild/moderate mental decay.

1 Cerebrovascular disorders

2 Dementia with Parkinsonism

3 Normotensive hydrocephalus

4 Extrapyramidal syndromes

5 Demyelinating disorders

6 Vitamin B12 deficiency

7 Wilson’s disease

Table 11.7 Diagnostic procedure for patients with suspected HE.

Clinical history

Clinical examination for hepatic stigmata, asterixis, and exclusion of neurologic focal signs, rigor, evidence of trauma

Body temperature (fever, hypothermia), blood pressure, pulse frequency, chest and abdomen clinical examination

Blood sample for:

• Red blood cell, WBC, and platelet counts

• INR, bilirubin (ammonia can be measured for its high negative predictive value; i.e., patients with normal ammonia level have so low probability,

if any, of HE that alternative causes should be investigated. In addition, ammonia-reducing drugs are not a rational treatment for patients with

low plasma ammonia level)

• Reactive C protein

• Glucose

• Na

• Ca

• Toxicologic screening (e.g., benzodiazepines, barbituriates, opioids, cannabinols, alcohol), when needed

• Blood gas analysis (O2, CO2 and CO) and pH

� Vitamin B12 (in dementia-like syndromes)

� thyroid stimulating hormone (in dementia-like syndromes)

Urine examination for WBC (in confusion/coma)

Polymorphonuclear leukocyte count in ascites, if there is ascites (in confusion/coma)

Brain CT scan (in sudden coma, focal signs, or rigor)

EEG (if nonconvulsive epilepsy, herpes encephalitis, or malingering are suspected)

Brain MRI (in dementia-like syndromes) + spinal MRI with FLAIR sequences (in prominent motor manifestations)

Cerebrospinal fluid examination (if meningitis or encephalitis are suspected)

Motor EP, electromyography, somatosensory EP (in prominent motor manifestations)

Splanchnic US Doppler study and/or CT scan with portal system reconstruction (in highly recurrent HE, persistent HE, and in HE with relevant

motor component)

EP, evoked potential; INR, international normalized ratio; WBC, white blood cell.
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neglecting to treat one of them can have deleterious

consequences (e.g., coexisting thiamine deficiency).

The response to treatment to disaccharides and rifaximin

provide information on the role that HE can have in

patients with overlapping disorders (e.g., Alzheimer dis-

ease or vascular dementia and HE) (Figure 11.1).

Diagnosis of minimal and covert HE

HE can occur without clinical evidence (minimal HE,

MHE) or, at least, without clear disorientation (covert

HE, CHE). Brain alteration in these patients is proven by

neuropsychologic or neurophysiologic investigation.

Cognitive alterations mainly regard attention, working

memory, visuomotor abilities, speed in fine movements,

and executive function. In contrast, verbal abilities and

verbal memory, both short-term and long-term memory

are preserved or relatively preserved, at odds with the

amnestic mild cognitive impairment that frequently her-

alds Alzheimer’s disease. As memory and verbal alter-

ations are more easily noted by relatives and physicians,

than attention disturbance subjects with MHE can be

easily missed on routine clinical examination.

Paper and pencil tests that are suited for the detection

of MHE are the ones comprising the Portal-Hepatic

Psychometric Score (PHES; i.e., the Trial Making Test

A, TMT-A) – also called number connection test (NCT) –

the Trial Making Test B (TMT-B), the Digit Symbol test

(DST), the Serial Dotting Test (SDT), and the Line Trait

test (LTT) (Figure 11.2) [57,58]. Other tests exploring the

same areas, such as the Block Design Test or the Figure

Connection Test can be used; the latter can substitute

for TMT-B in individuals who do not know the alpha-

bet [59–61]. The use of more than one test is recom-

mended [24]. There is consensus that the PHES is the

preferable diagnostic tool based on paper and pencil

tests [62]. It can be simplified using only three tests

(i.e., DST, SDT, and LTT) [63]. Computerized tests

exploring working memory or inhibition and atten-

tion [17,64,65] have also proven to be useful. They

require some familiarity with computer usage.

The use of any neuropsychologic tests (paper and pencil

or computerized) for the diagnosis of MHE require that:

1 The tests are standardized and adjusted by local norms

for age and education; education adjustment is

required in populations having individuals with less

than 8–12 years of education.

2 Illiterate people are excluded from examination.

3 The patient cooperates with the evaluation (i.e., con-

fused and uncooperative individuals cannot be tested,

and malingering is possible).

4 Visual acuity, or hearing when needed, are adequate

(also with correction).

In addition, it should be noted that psychometric

information, as well as other functional data, is non-

specific. Therefore, other clinical conditions causing mild

cognitive impairment should be considered in differential

diagnosis (Table 11.8).

The study of critical flicker frequency (i.e., psycho-

physiologic measure of the threshold at which flickering

light is perceived as a flickering and not as a continuous

light) can be used to assess brain dysfunction because the

threshold reduces in HE. This measure is valid to detect

patients who correspond to grade 1 HE, according to

West Haven classification [66]. The influence of alcohol

misuse [66] and age [61] is not negligible on this tech-

nique which, like psychometric investigation, depends

on the patient’s cooperation and is an nonspecific marker

of brain dysfunction.

Electrophysiologic techniques – electroencephalogram

(EEG) and evoked potentials – provide functional assess-

ment of the nervous system and are used to detect and

monitor HE [67]. When compared with clinical exami-

nation, they provide more quantitative assessment of

brain functioning. The EEG is a technique independent

of the patient’s cooperation that is potentially amenable

for follow-up. The EEG is extremely sensitive tometabolic

function, electrolyte homeostasis, and the effects of neu-

rotoxic substances. Some 60 years ago, Parsons-Smith

Table 11.8 Differential diagnosis for minimal and covert HE.

1 Combined/overlapping conditions with or without HE

2 Drug-related encephalopathies

3 Hypercalcemia

4 Hyponatremia

5 Hypothyroidism

6 Low pre-morbid intellectual quotient, mental deficiency

7 Mild cognitive impairment related to Alzheimer’s disease and

other neurodegenerative or cerebrovascular dementias

8 Neurologic sequalae (trauma, alcohol, or drug abuse)

9 Obstructive apnea syndrome/respiratory failure

10 Subclinical renal encephalopathy

11 Vitamin B12 deficiency
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et al. [68] described slowing of the EEG rhythms in about

40% of individuals with cirrhosis without overt HE, thus

proving the existence of MHE, even if they did not

recognize the importance of their findings. Modern

EEG equipment records digitized EEG that is easily ana-

lyzable by quantitative techniques. In adults, an increase

in theta activity in parietal regions accounting for more

than 35% indicates brain patterns compatible with

MHE [69]. An index of higher HE affliction is the slowing

of Mean Dominant Frequency [54]. At any rate, even

without quantitative analysis, a slowing of eye-closed

main resting rhythm at 8 Hz or lower is an index of

encephalopathy [35], though nonspecific (Figure 11.3).

The presence of triphasic waves (Figure 11.4), which is

common – but nonspecific – in HE with confusion, is

extremely rare in MHE/CHE.

An electrophysiologic technique to detect MHE/CHE is

the prolongation of the latency of P300wave (a cognitive

potential evoked by the oddball paradigm). However,

(i) it requires age-related standardization; (ii) it is not

detectable in all individuals; and (iii) it requires consid-

erable expertise by the clinician to be properly recorded

and analyzed. Therefore, is not recommended for routine

clinical use [67].
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Figure 11.2 Pencil and paper psychometric tests useful for the detection of minimal hepatic encephalopathy (MHE). A, Serial

Dotting Test; B, Digit Symbol Test; C, Line Trait Test; D, TMT-A; and E, TMT-B (Italian forms, based on Italian alphabet).
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Figure 11.3 Eye closed EEG. On the left a normal tracing, on the right a tracing slowed down with interspersed theta activity (i.e.,

frequency <8 Hz) >35% in parietal derivation, suggesting MHE.

Figure 11.4 Severe (grade 3) HE in a subject with portosystemic shunt. Presence of triphasic waves (circles) and absence of block

reaction on eye opening (on the right of the vertical blue line).
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In patients without overt HE, brain imaging tech-

niques prove brain abnormalities that are related to

cognitive findings, therefore highlighting some aspects

of covert HE. Fludeoxyglucose positron emission

tomography (FDG-PET) detects reduction of glucose

oxidation mainly in prefrontal areas, cingulated gyrus,

premotor areas, and parietal areas – with some incon-

sistencies concerning basal ganglia – which is related to

cognitive dysfunction and impairment in movement

initiation [70–74].

1H-magnetic resonance spectroscopy shows an

increase in glutamine and/or glutamate signal intensity

and a decrease in myo-inositol and choline in cirrhotic

patients, independent of psychometric performance [75],

therefore showing that this biochemical marker is not

immediately related to brain function.

Imaging studies prove a relationship of psychometric

performance with brain atrophy on computed tomogra-

phy (CT) scanning [76], as well as white matter alter-

ations on magnetic resonance imaging (MRI) [77].

Functional MRI allows the brain localization and

characterization of abnormality in cortical activation

during cognitive tasks in patients with MHE [78] and

the measurement of resting state connectivity on MRI

reveals alterations related to HE [79]. At any rate, these

techniques are useful to highlight the pathophysiology of

HE, but currently are not recommended for routine

diagnostic purposes [80].

Etiology and pathogenesis

The pathophysiology of HE can be considered at the

organism level and at organ level (i.e., at brain level)

(Figure 11.5).

Organism level

It is clear that HE depends on liver insufficiency and/or

portosystemic shunt, as elegantly describedmore than 50

years ago by Sherlock et al. [4]. In fact, both conditions

produce HE in humans as well as in experimental mod-

els [81]. In addition, the disorder is elicited by substances

Figure 11.5 Sketch of the pathophysiology of HE. On the left, at organism level various organs concur to the occurrence of

hyperammonemia that produces a proportional increase in brain ammonia metabolism; in addition, other toxic substaces are

produced by gut dysbiosis, as well as cytokines. On the right, at organ level, in the brain peripheral cytokines and ammonia activate

microglia, which amplifies cytokine reaction. This, together with ammonia and other substances, swell astrocytes, cause oxidative

and nitrosative stress, and produce astrocyte–neuron dysfunction. Ammonia may also directly disturb neurotransmission.
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coming from the gut and is facilitated by the action of gut

bacteria. This has been proved since the 1930s, when it

was observed that the administration of ammonia salt in

patients with cirrhosis causes HE [82] and dogs with

portosystemic shunt develop HE under the influence

of ammoniagenic meat loads [83]. The beneficial action

of disaccharides and oral antibiotics, both acting on gut

bacteria, prove that the gut microbiota is implicated in

the pathophysiology of HE [32,33,84,85].

Among the substances coming from the gut, the most

important is ammonia, because the administration of

ammonia salts causes HE, although inconstantly, thus

suggesting interaction with other factors. Other gut-

derived substances may have some neurotoxic effect.

Among these, indole which can be converted into the

neurotoxic oxyphenole in the brain; mercaptans, which,

however, donot reachneurotoxic levels per se; short chain

fatty acids, whose role has never been proven; gut-derived

cytokines, and benzodiazepine-like substances [86–91].

In addition, profound metabolic changes occur in

individuals with cirrhosis and in those with portosyste-

mic shunt, causing changes in the profile of plasma

amino acids [92], in fuel homeostasis after overnight

fasting [93], in glucagon, insulin plasma levels and insu-

lin sensitivity [94,95], in renal production of ammonia

and ammonia utilization in muscle due to muscle wast-

ing, as well as in brain ammonia utilization [96–98].

Some of these changes, such as the reduction in branched

chain amino acids (BCAA) and the increase in aromatic

amino acids (AAA) with reduction of the plasma molar

ratio BCAA: AAA have been hypothesized to influence

brain catecolaminergic neurotransmission [99,100].

However, neither the BCAA: AAA ratio is related to

mental changes [101], nor catecholamine changes in

the brain of subjects with HE [102]. Other changes,

such as the sensitivity to fasting and the activation of

gluconeogenesis after an overnight fast, can explain the

reduction of fasting ammonia with glucose overnight

infusion [103] and the rational of giving a bedtime snack

of complex carbohydrates for the dietary management of

patients with HE [104].

Organ level

HE is associatedwith reduction in brain glucose oxidation

detectable by FDG-PET studies [74], with increase in

water brain content, intracellular in acute liver failure

and mainly extracellular and intracellular in cirrhosis,

with increase in glutamine and reduction of myo-

inositole and choline content in basal ganglia on spectral

MRI [105,106]. Cerebral oxygen uptake and blood flow

are reduced to two-thirds in cirrhotic patients with clini-

cally overt HE but not in cirrhotic patients with minimal

HE. Cerebral ammonia metabolism is enhanced because

of increased blood ammonia level, but the kinetics of

cerebral ammonia uptake and metabolism is not affected

by hyperammonemia. Low grade cerebral edema is

detectable not only in astrocytes but also in the white

matter in cirrhotic patients with HE.

Hyperintensity of globus pallidus, and to a lesser extent

of striatum and substatia nigra reticulata on T1-weighted

MRI, is frequent in patients with HE and is related to

brain manganese deposition, which, in turn, is caused by

reduction of manganese clearance due to portosystemic

shunting and liver failure [107]. Manganese is neuro-

toxic and may impair dopaminergic neurotransmission,

as well as causing astrocyte oxidative stress [108]. How-

ever, hyperintensity of globus pallidus and basal ganglia

is poorly related, if at all, to the cognitive symptoms of

HE. In addition, after liver transplantation the time-

course of globus pallidus hyperintensity is much longer

than that of the symptoms of HE, therefore showing that

the relationship of the two phenomena is poor at

best [109]. Some association between brain atrophy

and long long-lasting HE is likely [76,77].

Neurophysiologic studies have demonstrated that HE

causes reduction of the oscillatory properties of neural

networks [110,111] with movement of EEG alpha fre-

quencies from the posterior cortical areas to the anterior

ones (frontal cortex) in mild HE [112], and occurrence of

triphasic waves in severe HE [67].

At the cellular level, the most striking events in HE are:

(i) astrocyte changes (swelling in type A HE, and the

occurrence of type 2 Alzheimer astrocytosis in type B and

C HE); and (ii) microglia activation, at least in exper-

imental models. Therefore, HE is primarily a glia disorder

with secondary neuronal and/or neurotransmitter dys-

function [113,114]. Multiple pathways converge to alter

astrocyte function, causing oxidative and/or nitrosative

stress that ultimately amplify and maintain astrocyte

dysfunction, and explain the clinical observation that

the interaction of noxious events (e.g., hyperammone-

mia, hyponatremia, interleukins) correlate with the

occurrence of bouts of HE [115].

The increased brain metabolism of ammonia, which is

linearly related to hyperammonemia [96], can either

cause HE per se or sensitize the brain to other noxious
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agents. The actions of ammonia on the brain, which are

not yet completely elucidated, can be summarized as

follows:

1 Impairment of brain energy metabolism via inhibition

of the enzymes ketoglutarate dehydrogenase and pyr-

uvate dehydrogenase, with ensuing tricarboxylic acid

cycle dysfunction and increase in glycolytic activity

[116,117].

2 Increased glutamine synthesis in astrocytes, activation

of mitochondrial permeability transition, with ensuing

mitochondrial dysfunction, oxidative stress, and

osmotic swelling [118].

3 Interference with glutamatergic and GABAergic neu-

rotransmission; the latter directly [119] or indirectly

via promotion of the synthesis of inhibitory neuro-

steroids [120].

4 Interference of ammonium ions on inhibitory and

excitatory neurotransmission [121].

5 Activation of microglia and induction of neuroinflam-

mation [122].

Finally, evidence for alterations in serotoninergic, his-

taminergic, and dopaminergic neurotransmission does

exist [123,124].

Treatment

Treatment for HE has some mild differences, depending

on the pattern of HE. In patients with an acute episode of

HE (coma or confusion) the following treatments are

indicated.

1 Any effort should be done to recognize and treat the

precipitating event(s), if any, that have caused the epi-

sode of HE (Table 11.9). In the case of gastrointestinal

bleeding, in addition to treatments oriented to stop

bleeding and correct acute anemia, two other treat-

ments are recommended:

• Systemic antibiotics are indicated to increase survival

in patients with cirrhosis and gastrointestinal bleed-

ing [125]; in addition, it is reasonable that they reduce

the production of ammonia and enterotoxins by gut

microbiota, and thus might also prevent HE [126].

• Osmotic catharsis aiming at rapidly removing blood

from the gut. This was proven to reduce the occurrence

of HE, reducing post-bleeding hyperammonemia

[127,128]. In principle, osmotic catharsis with acidi-

fying agents given orally or by nasogastric tube (dis-

accharides, mannitol, sorbitol) traps ammonia into the

intestinal lumen and acts as a prebiotic, therefore this is

is preferred over saline cathartics. Care should be taken

to avoid hypernatremia which is a side effect of

injudicious osmotic catharsis [129].

2 Ammonia reducing drugs (ARD):

• Non-selective

(a) Disaccharides (lactulose or lactitole, 10–120 g/

day, so as to produce 2–3 bowel movements of soft

faeces)

(b) Nonabsorbable oral antibiotics (e.g., rifaximine,

neomicine, paramomicine, vancomicine). Also

metranidazole was used, but it is not recommended

for its collateral effects. Note that the utility of oral

nonabsorbable antibiotics in patients already on sys-

temic antibiotic treatment is unproven. In addition,

the rationale of using nonabsorbable oral antibiotics

in patients with constipation is poor at best.

• Selective

(a) L-ornithine-L-aspartate (LOLA)

(b) Non-ureic nitrogen scavengers (NUNS; sodium

benzoate, sodium phenylacetate, ornitine phenyl-

acetate, glycerol phenylbutyrate) are under study for

this indication.

Nonselective ARD act on microbiota, therefore

reduce the production of ammonia and other enter-

otoxins. The inhibition of ammonia production by

antibiotics is due to reduction of ammoniogenic bac-

teria activity. Reduced production of inflammatory

cytokines by the gut and laxative effect may have

additional role. Nonabsorbable disaccharides act as

prebiotics on gut microbioma, acidify the intestinal

Table 11.9 Principal precipitating factors for HE.

Infections Urinary infections

Spontaneous bacterial peritonitis

Respiratory infections

Cutaneous infections

Biliary infections

Others

Hypovolemia/dehydration Overdiuresis

Paracentesis

Thirst

Diarrhea

Hyperemesis

Gastrointestinal bleeding

Electrolyte imbalance Hyponatremia

Constipation
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lumen – so trapping ammonia – and produce osmotic

catharsis; thus, eventually reducing blood ammonia

level.

Disaccharides can be given orally or by enema.

Enemas have immediate cathartic effect, although

their pharmacologic action is limited to thedistal colon.

Therefore, in constipated patients, enemas, which rap-

idly remove stools – a major source of toxins causing

HE – quickly improve HE.

Selective ARD acts by: (i) increasing nitrogen/

ammonia detoxification either stimulating urea cycle

activity (e.g. LOLA); or (ii) causing the urinary excre-

tion of nitrogen via soluble nitrogen-containing mol-

ecules different from urea that are excreted by urine

(NUNS).

Adjuvant therapy with LOLA, which was proven

to reduce ammonia plasma level [130], might shorten

hospitalization due to episodes of overt HE [131].

3 Nutritional support is preferably given intravenously

in patients with risk of food aspiration or unable to

ingest a sufficient energy and/or nitrogen amount. The

utility of the administration of solutions enriched by

BCAA versus standard solutions has not been

proven [132]. BCAA were introduced into therapy:

(i) to correct plasma amino acid imbalance (lowBCAA:

AAA ratio) of patients with cirrhosis; (ii) in the hypoth-

esis that this imbalance might produce weak catechol-

aminergic neurotransmitters in the brain that could

reduce excitatory catecholaminergic tone and thus

causing HE. This assumption is false, because no rela-

tion exists between plasma amino acid imbalance and

brain function [101]. However, other mechanisms can

explain the action of BCAA: (i) plasma ammonia levels

decrease during glucose + BCAA-enriched solu-

tions [133]; and (ii) a direct effect on the brain is

plausible [134], possibly by supporting brain energy

production [135]. Therefore, the utilization of BCAA-

enriched solution to hydrate and nourish individuals

with severe overt HE in addition to standard treat-

ments [136] cannot be excluded by the absence of

proof of BCAA efficacy in a single meta-analysis [132]

based on small trials that were neither based on an

“add on treatment” design, nor oriented to measure

the velocity of HE recovery.

4 Flumazenil bolus infusion (1–2 mg) was found to

improve briefly mental state in about one-fifth of

patients with advanced HE [137]. The transience

and unpredictability of the effect discourages the use

of flumazenil in the treatment of HE, unless there is

suspicion of intoxication by benzodiazepines.

5 Patients with agitated delirium can be difficult to treat.

Benzodiazepines are contraindicated in these patients

because they interact with the mechanisms producing

HE. It is preferable to use neuroleptics, such as halo-

peridol or promazine (the latter is more seda-

tive) [138]. Severely agitated patients may require

ICU hospitalization and IV propofol sedation

[139,140]. Obviously, treatment of the precipitating

event, ARD treatment, and nutrition and hydration are

mandatory while the patient is sedated.

In patients with persistent HE, or highly recurrent HE,

the treatment is based on ARD and removal of concur-

rent disorders, if any. Theoretically, ARD acting by dif-

ferent mechanisms could be associated (e.g.,

disaccharides + rifaximine or other oral antibiotics). In

addition to ARD, other treatments that can be considered

on a “add-on” basis are as follow:

1 Reduction of huge portosystemic shunting (either

spontaneous or not, as in the case of TIPS) [43,141];

2 Dietetic treatment [104]:

• optimization of energy supply and introduction of

snacks and a bedtime snack;

• reduction of meat protein, which can be substituted

by vegetable protein (e.g. from pulses);

• increase of dietary fiber (for its prebiotic and laxative

effect);

• use of pre/probiotics;

• supplementation with oral BCAA; and

• liberal short courses of vitamin supplementation, if

micronutrient lack is suspected.

Other treatments that can be utilized in these patients

are as follow:

1 Acarbose can be used in the subgroup of patients with

HE and diabetes. This drug inhibits the intestinal

enzyme alpha-glucosidase that converts carbohydrates

into monosaccharides. Therefore, it produces an over-

all effect similar to that of nonabsorbable disaccharides,

by modifying the microbiota, acidifying intestinal

lumen, and producing a cathartic effect. It was proven

to be effective in improving cognition and lowering

blood ammonia in low grade HE [142].

2 Carnitine and acetylcarnitine supplementation might

reduce hyperammonemia and improve HE [143,144].

3 Zinc carnosine was shown to improve long-term cog-

nitive performance; however, without significant
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reduction of episodes of overt HE in follow-up [145].

Notably, a large trial on zinc sulfate did not demonstrate

reduction of episodes of overt HE in follow-up [146].

4 Theoretically, NUNSmight have a rational role in these

patients, but no evidence-based information exists.

The patients with severemotor alterations (i.e., hepatic

myelopathy or non-Wilsonian hepatocerebral degener-

ation) respond only partially to drug treatment, but may

recover completely after liver transplantation [9,10]. The

efficacy of dopaminergic drugs on motor symptoms in

these patients is uncertain. For the patient with minimal

or covert HE, there is evidence that they improve with

disaccharides [147] and rifaximin [148], as well as

LOLA [149], pre/probiotics [150], and acetylcarni-

tine [151]. However, because MHE has a less severe

clinical impact on patients and their caregivers than overt

HE [152], a reasonable approach aiming at minimizing

drug use and reducing costs is shown in Figure 11.6.

Prophylaxis

Primary prophylaxis for HE coincides with prevention of

cirrhosis decompensation. Therefore, depending on the

etiology of cirrhosis, of paramount importance is alcohol

abstinence and treatment of HBV, HCV, steatohepatitis,

and iron overload. In addition, prevention of gastro-

intestinal bleeding and spontaneous bacterial peritonitis,

and avoidance of malnutrition are recommended.

Secondary prophylaxis concerns those individuals

who had at least one bout of HE in the previous 6

months. The higher the number of episodes of HE in

the past, the higher the risk to develop HE in the future.

In addition, patients with recurrent HE have a high risk of

residual minimal HE in between the overt epi-

sodes [27,28,54] so in the patient with recurrent HE

the distinction between prophylaxis and treatment is

disputable.

After one episode of HE, disaccharides are indicated

and were found to about halve the recurrence of HE at 1

year (from 40% to 20%) [32]. In those patients who had

more than one episode of HE in the previous 6 months,

the use of rifaximine (550 mg bid), with or without

disaccharides, was found to further about halve the

risk of a new episode of HE within 6 months (from

40% to 20%) [33]. Finally, in a phase II trial, the

NUNS glycerol-phenylbutyrate reduced by about 40%

the recurrence of HE in patients who experienced recur-

rent HE; this effect was found to be higher in patients that

were not on rifaximine treatment [50].

Figure 11.6 Treatment strategy for MHE based on the minimization of drug use. BCAA, branched chain amino acids; CFF, Critical

Flicker Frequency; LOLA, L-ornithine-L-aspartate.
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There is no agreement on the rules for stopping HE

prophylaxis. It can reasonably be stopped if liver function

improves because of virus treatment, nutrition, or alco-

hol abstinence.
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Introduction

Malnutrition is a condition that results from an

unbalanced diet in which certain nutrients are lacking,

in excess (too high an intake), or in the wrong propor-

tions. There are several types of malnutrition including

undernutrition and obesity, depending on which nutri-

ents are under or overabundant in the diet (Table 12.1).

Because the major form of malnutrition in patients with

cirrhosis is undernutrition or protein–calorie mal-

nutrition, malnutrition in the current chapter only refers

to protein–calorie malnutrition. Malnutrition is a fre-

quent and integral component of acute and chronic

diseases. Patients with advanced liver disease commonly

have malnutrition but its assessment is confounded by

many of the usual indicators of nutritional status.

Although a clear consensus on the criteria of malnutrition

in cirrhosis is still lacking at present, malnutrition is

extremely common in cirrhotic patients worldwide.

The working definition of malnutrition in cirrhosis in

most studies is decreased lean body mass as well as

diminished skeletal muscle weight and reduced fat

mass. On one hand, malnutrition is the single reversible

prognostic marker in cirrhosis that accelerates deterio-

rating liver function and adversely affects clinical out-

come both before and after liver transplantation,

including increased morbidity and prolonged hospital

stay [1,2]. Mortality increases in direct proportion to

the extent of malnutrition, approaching 80% in patients

with severe malnutrition (i.e., less than 50% of normal

body weight) [3]. On the other hand, adequate nutrition

is a fundamental component of survival and quality of

life in cirrhotic patients, and correction of malnutri-

tion might improve the clinical outcome of these

patients. Therefore, nutritional assessment should be

routinely performed in cirrhotic patients, and aggressive

nutritional management might be useful in patients with

malnutrition. However, the mechanism leading to mal-

nutrition is not fully understood yet, and the logistic

challenges of identifying patients in need of nutritional

therapy and determining the type, duration, and quan-

tity of nutritional supplements remain problematic.

Etiologies of malnutrition in
cirrhosis

Malnutrition, characterized by protein and calorie defi-

ciency, is defined as a state of nutrition in which a

deficiency of energy, protein, and other nutrients causes

measurable adverse effects on tissue and body form and

function and on clinical outcome (Table 12.2). There are

three forms of malnutrition: kwashiorkor (protein mal-

nutrition predominant), marasmus (deficiency in calorie

intake), and marasmic kwashiorkor (both marked pro-

tein deficiency and calorie insufficiency signs are pres-

ent). Marasmic kwashiorkor is sometimes referred to as

the most severe form of malnutrition and is more com-

monly seen in the context of a wide variety of diseases

that lead to depletion of body fat, muscle wasting, and

multiple signs of micronutrient deficiencies.

As the liver is the most important metabolic organ that

regulates a complex array of physiologic and biochemical

processes including protein and energymetabolism, mal-

nutrition may commonly be secondary to chronic liver

disease, especially advanced cirrhosis in which protein

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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energy wasting may occur. Malnutrition in patients with

cirrhosis is multifactorial (Table 12.3), including reduced

food intake, maldigestion, and malabsorption. Many of

these factors can be treated successfully if the nutritional

status is recognized.

Decreased nutrient intake The majority of cirrhotic

patients have inadequate dietary intake which is attrib-

uted to several factors. Anorexia is a frequent symptom

in patients with cirrhosis, with an incidence as high as

90% [4]. Many patients with advanced liver disease have

an altered sense of taste, which might be related to

vitamin A and/or zinc deficiency [5]. Patients with cir-

rhosis often experience early satiety that is related to

mechanical compression from massive ascites [6].

Patients with chronic liver diseases experience abdomi-

nal pain, nausea, and bloating [7], and are found to have

altered gut motility [8], all of which lead to the develop-

ment of functional dyspepsia. The dietary restrictions

that are commonly recommended to these patients,

such as restriction of sodium, protein, and water, can

discourage adequate oral intake. In addition, weakness,

fatigue, and low-grade encephalopathy can contribute to

decreased oral intake. Other iatrogenic causes for protein

and caloric loss include multiple hospitalizations which

may lead to loss of regular meals for reasons of pending

examinations and procedures.

Malabsorption Cholestatic liver disease is one of the

reasons for impaired absorption, especially of fat-soluble

Table 12.1 Classification of malnutrition.

Form Interpretation

Undernutrition Underweight, protein–calorie

malnutrition

Kwashiorkor Selective protein malnutrition with

edema and fatty liver

Marasmus Deficiency in calorie intake with loss of

body fat and protein

Marasmic kwashiorkor Marked protein deficiency and marked

calorie insufficiency signs present

Obesity Overweight, central obesity

Table 12.3 Factors contributing to malnutrition in cirrhosis.

Outpatients with cirrhosis Inpatients with cirrhosis

Decreased diet intake Fasting status and accelerated starvation

• Anorexia, nausea/vomiting, abdominal pain, dysphagia • Frequently diagnostic testing

• Iatrogenic or restriction of prorein, fluid/salt • Gastrointestinal bleeding

• Poverty due to inadequate income • Altered neurologic status

Decreased assimilation of diet Use of either neomycin or lactulose for hepatic encephalopathy

• Impaired digestion of diet, e.g., pancreatic and bile salt deficiency Routine or prophylactic protein restriction

• Intestinal malabsorption of dietary constituents, e.g., portal

hypertension, enteropathy, gastrointestinal infections, bacterial

overgrowth, chronic alcoholism, chronic diarrhea,

use of either neomycin or lactulose

Stress or critical acute illness (hypermetabolism)

Abnormal metabolism of protein and energy • Acute sepsis

• Increased protein breakdown and reduced protein synthesis • Major surgery

• Accelerated lipolysis and reduced lipogenesis • Renal failure

• Increased resting energy expenditure • Acute or chronic inflammation

Effects of chronic alcoholism on protein and energy metabolism

Table 12.2 The usual indicators of protein–calorie malnutrition.

If the patients meet one or more of the following criteria, they should

be considered at risk for malnutrition:

Unintentional loss >10% of usual body weight in the preceding 3

months

Body weight <90% of ideal for height

• <80% of ideal constitutes mild malnutrition

• <70% of ideal represents severe malnutrition

BMI <18.5 kg/m2

BMI, body mass index (the weight in kilograms divided by the height in

square meters).
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vitamins such as A, D, E, and K, due to reduced intra-

luminal bile salt concentrations [9,10]. Chronic alcohol

drinking impairs gastrointestinal mucosal absorption of

nutrients, especially folate and vitamin B12. Further-

more, conditions such as small intestine bacterial over-

growth, coexistent small intestinal disease (i.e.,

inflammatory bowel disease and celiac sprue), pancreatic

insufficiency, mucosal congestion, and villus atrophy

contribute to the impaired absorption and utilization of

nutrients [8,11,12]. The presence of portal hypertension

has also been implicated as a cause of malabsorption and

gastrointestinal protein loss [13,14]. An additional factor

is the administration of medications that lead to mal-

absorption, such as neomycin, which has been used in

the treatment of hepatic encephalopathy [15].

Inadequate synthesis of protein Other important factors in

the loss of body protein are the inadequate synthesis of

various proteins by the affected liver. It has been

observed that among cirrhotic patients, an early switch

to gluconeogenesis from amino acids originating from

body proteins after an overnight fast is often the rule.

Deficiency in vitamins and trace minerals is often

observed in advanced cirrhosis. The most common iat-

rogenic interventions are the use of diuretics in order to

cope with ascites and fluid retention. Last but not least,

the occult or overt blood loss from esophageal and gastric

varices and the intestinal lumen due to ulcerations or

portal enteropathy are some of the main reasons for

protein loss [16].

Hypermetabolic state Another factor that might contrib-

ute to malnutrition, around which there has been con-

siderable debate, is increased energy expenditure. The

well-recognized hyperdynamic circulation in cirrhosis is

associated with a systematic vasodilatation and an

expanded intravascular blood volume leading to an

increased cardiac stroke volume. Therefore, greater use

of macro- and micro-nutrients is one of the most com-

mon causes of high energy demand and expenditure. In

fact, it has been suggested that up to 30% of patients with

cirrhosis are actually hypermetabolic [17–19].

Nutritional assessment in cirrhosis

Malnutrition is common in patients with cirrhosis and

increase the severity of disease [20,21]. Therefore, every

hospitalized patient should have an assessment of their

nutritional status. Severely malnourished patients have

poorer outcomes, regardless of the disease entity or

reason for hospitalization. The usual evaluation of mal-

nutrition includes the following.

1 The patient’s history and etiologies of malnutrition,

such as diet and weight change, socioeconomic condi-

tions, and symptoms unique to each clinical setting.

2 Physical findings of malnutrition: unintentional loss of

>10% of usual body weight in the past 3 months,

anthropometry of triceps skinfold andmid-armmuscle

circumference (decreased temporal and proximal

extremity muscle mass (muscle wasting), and

decreased skinfold thickness by “pinch test” (loss of

subcutaneous fat)), mouth and mucus membranes

(i.e., nasolabial seborrhea for deficiency of essential

fatty acids, and glossitis for deficiency of riboflavin,

niacin, vitamin B12, pyridoxine, folate), skin rashes,

ocular changes, and neurologic changes.

3 Laboratory assessment of malnutrition, such as serum

albumin and other visceral proteins, assess blood vita-

mins (A, E, 25(OH)D, B12, folic acid) and minerals

(zinc, magnesium, phosphorus), and immune function

(reduced total lymphocyte count and delayed hyper-

sensitivity skin reaction).

4 Specialized procedures for nutritional assessment (i.e.,

bioelectric impedance analysis, resting and total

energy expenditure, and urine nitrogen excretion

and nitrogen balance).

5 Integrated bedside assessment, such as subjective

global assessment (SGA) and prognostic nutritional

assessment.

In 2006, the European Society for Parenteral and

Enteral Nutrition (ESPEN) suggested a simple and prac-

tical method to assess nutritional status. The methods

that are universally used to evaluate nutritional status

and to detect the presence of malnutrition are SGA, and

some anthropometric parameters and laboratory

tests [22]. The algorithm for assessing the nutitional state

is seen in Figure 12.1.

Subjective global assessment SGA is recommended by

ESPEN as a practical bedside method that combines mul-

tiple elements of nutritional assessment to classify the

severity of malnutrition [22]. These components are

weight loss during the previous 6 months, changes in

dietary intake, gastrointestinal symptoms, functional

capacity, metabolic demands, signs of muscle wasting,
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and the presence of presacral or pedal edema. The SGA

is scored from 0 to 3 as well nourished (0), mild

malnutrition (1), moderate malnutrition (2), and severe

malnutrition (3). Of the various components, muscle

wasting is weighted the most [23,24], and the change of

body weight is the least reliable because it can be con-

founded by the fluid retention frequently seen in these

patients. As it calculates recent body weight loss or gain,

theSGA is considered reliable, and it is not affectedbyfluid

retention or the formation of ascites. The SGA has been

shown to have an interobserver reproducibility rate of

80% [25,26].

Anthropometric parameters Apart from the data that are

collected by the SGA questionnaire, the ESPEN guidelines

recommend the use of simple anthropometric parameters

in evaluating malnutrition which are also not affected by

the presence of ascites and peripheral edema. These

parameters consist of body mass index corrected for fluid

retention (BMIc), mid-arm muscle circumference

(MAMC) or mid-arm circumference (MAC), and triceps

skinfold thickness (TST). However, it is suggested that

they should be performed by experienced clinicians in

order to avoid intra- and interobserver variabilities. The

BMIc is calculated as estimated dry body weight/(height)2

(in kg/m2). The BMIc cutoff values are used to indicate

malnutrition, for example, 22, 23, and 25kg/m2 in

patients without, with mild, and with tense ascites,

respectively. Diagnosis of malnutrition is established on

values of MAMC and/or TST below the fifth percentile

in patients aged 18–74 years, or the tenth percentile in

patients aged over 74 years [27]. The assessment of

muscle function measuring hand-grip strength and res-

piratory-muscle strength has also been used in nutritional

evaluation; these are more useful when taken serially.

Laboratory tests The visceral proteins such as albumin,

pre-albumin, retinol-binding protein, and transferrin are

produced in the liver and correlate better with severity of

the underlying liver disease than with malnutrition sta-

tus [28]. As we know, the laboratory markers of mal-

nutrition are capricious. Hypoalbuminemia may result

Figure 12.1 Algorithm for assessing nutritional state in cirrhotic patients. BMI, body mass index; MAMC, mid-arm muscle

circumference; NRS, nutrition risk screening; SGA, subjective global assessment; TST, tricep skinfold thickness.
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from protein–calorie malnutrition but is equally likely to

result from fluid shifts in recumbent and overhydrated

patients; from losses in the urine, gastrointestinal tract, or

the third space; and from cytokine effects or inflamma-

tion that reduces hepatic albumin production. Similarly,

lymphopenia has causes other than malnutrition, partic-

ularly the corticotropin and corticosteroid response to

acute biologic stress. Serum creatinine confounded by

renal function may not be an accurate reflection of

muscle mass in patients with renal insufficiency.

Specialized procedures for nutritional assessment Body cell

mass is a useful estimation of nutritional status. The

assessment techniques include bioelectrical impedance

analysis (BIA) for determination of fat-free mass, dual-

energy X-ray absorptiometry (DEXA) for bone mineral

density and fat-free mass, in vivo neutron activation

analysis for assessment of total body nitrogen, and deu-

terium oxide dilution for determination of total body

water [29,30]. The BIA is amore readily available tool for

estimating body cell mass; it is reliable in many patient

populations. Furthermore, the BIA-derived phase angle

is also a useful evaluating tool in chronic liver dis-

eases [31]. However, the accuracy of BIA in patients

with cirrhosis can be affected by fluid retention [32] and

it does not accurately reflect changes in body composi-

tion associated with chronic liver disease. Although

abnormalities of nutritional parameters are highly prev-

alent among patients with end-stage liver disease, most

parameters of nutritional status do not correlate with

body cell mass. Quantification of body composition

changes in cirrhosis requires the use of direct methods

such as in vivo neutron activation analysis, DEXA, or

deuterium oxide dilution. However, these techniques are

cumbersome, expensive, and not routinely used in

clinical practice. In addition, MAMC and hand-grip

strength might be the most sensitive markers of body

cell mass depletion in patients with end-stage liver dis-

ease, so we prefer these simple and easy measurements.

Prevalence of malnutrition
in cirrhosis

On one hand, malnutrition is often underdiagnosed in

cirrhosis, as advanced liver disease – especially with

ascites and edema – can affect the results of many of

the traditional techniques currently used to evaluate

nutritional status. On the other hand, clinically obvious

malnutrition is uncommon in the pre-cirrhotic and early

stages of cirrhosis, and the prevalence of obesity and the

metabolic syndrome has increased sharply in these

patients in the past decades. Moreover, obesity is an

important risk factor for the progression of nonalcoholic

steatohepatitis (NASH) and risk for the development of

cirrhosis and hepatocellular carcinoma in patients with

alcoholic and viral liver diseases.

However, malnutrition is frequently seen in decom-

pensated cirrhosis or end-stage liver disease. The

reported prevalence in cirrhotic patients varies widely

(from 20% to 100%), mainly depending on the methods

used for nutritional assessment in studies and the sever-

ity of cirrhosis (Table 12.4) [33–38]. There is a direct

correlation between the severity of liver disease defined

by the Child–Turcotte–Pugh score and the prevalence of

malnutrition. Malnutrition commonly develops in all

forms of cirrhosis irrespective of the etiology of disease,

and there is no difference in the prevalence of mal-

nutrition between alcoholic and nonalcoholic cirrhosis

[39–42].

Table 12.4 Prevalence of malnutrition in cirrhotic patients in different countries.

Author Year Country No. Malnutrition (%) Malnutrition in

Child A

Malnutrition in

Child C

P-value

Huisman 2011 Netherlands 84 56 (67%) 57% 100% 0.047

Houissa 2010 Tunis 44 35 (79.5%) 66.6% 100% 0.003

Castellanos 2008 Spain 121 55 (45%) 21% 90% <0.001

Carvalho 2006 Brazil 300 226 (75.3%) 21% 58% <0.05

Guglielmi 2005 Italy 334 83 (25%) 16% 44% <0.05

Maio 2004 Portugal 117 74 (63%) 44% 68% >0.05
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Regarding the degree of muscle wasting, loss of fat

stores, and synthetic function, there are indeed disease-

specific patterns of malnutrition in different forms of

cirrhosis. Moderate or severe malnutrition occurs in

70–80% of patients with cirrhosis awaiting liver trans-

plantation according to different parameters [43]. It has

been demonstrated that patients with cirrhosis who are

malnourished have a higher rate of hepatic encephalop-

athy, infection, ascites, and variceal bleeding [24,44,45]

and it can severely compromise the results of liver

transplantation [46]. Therefore, physicians need to be

aware that malnutrition is common in cirrhosis, with

reversible prognostic significance.

Nutritional support in patients with
cirrhosis

Indications for nutritional support

As malnutrition is prevalent in advanced liver disease

and it has prognostic value, it is of great importance to

improve the nutritional status in cirrhotic patients. First,

patients who have recently lost >10% of their body

weight and those >30% below ideal body weight are

considered candidates for nutritional support. Second,

any hospitalized patients with predicated severe

inadequate nutrition for >7 days should be supported

from the time of admission. Finally, patients with a

variety of specific disease entities have quicker recoveries

and shorter hospital stays if nutritional needs are met.

Such patients include severely malnourished patients

about to undergo surgery, patients with acute or chronic

renal failure, alcoholic hepatitis or cirrhosis, and chronic

extrahepatic biliary obstruction.

Goals for nutritional support

Recent studies suggest that improvements in nutritional

status, infection rates, immune function, nitrogen bal-

ance, and perioperative morbidity are seen in cirrhotic

patients receiving nutritional therapy. Nutritional sup-

port is most effective when used for longer periods or in

certain subgroups such as in those with severe mal-

nutrition, chronic hepatic encephalopathy, or decom-

pensated liver disease. Regarding goals specific for

cirrhosis, nutritional therapy needs to correct pre-exist-

ing protein–calorie malnutrition by supplying the basic

requirements of nitrogen and calories, while simulta-

neously providing sufficient vitamins and minerals to

encourage hepatic regeneration and normalization of

liver function without precipitating hepatic encephalop-

athy and ascites (Table 12.5).

Route of nutritional support

When nutritional support is indicated, it should be initi-

ated by the enteral route unless specific contraindications

are present. Actually, most critically ill patients can

tolerate enteral feeding. In general, oral intake should

be encouraged when the gastrointestinal tract is func-

tional. If patients are unable to maintain adequate intake

orally, a nasogastric, nasoduodenal, or nasojejunal tube

should be inserted for 4–6 weeks of enteral feeding.

Parenteral nutrition is a less desirable option than enteral

nutrition and should be reserved for patients in whom

enteral feeding cannot be achieved. In fact, clinicians

frequently have limited options in selecting the route of

nutritional support.

Enteral nutrition The goals of nutritional therapy are to

improve nutritional status and correct nutrient deficien-

cies. This can be accomplished via oral, enteral, or par-

enteral methods, or a combination of these modalities.

Intervention in the early stages of malnutrition can

improve outcome. The presence of nonbleeding esoph-

ageal varices is not a contradiction to the use of enteral

feeding tubes in these patients. However, feeding tubes

should not be used if there is active esophageal variceal

bleeding. The placement of a gastrotomy tube in cirrhotic

patients with ascites is not recommended because of the

possible complications of peritonitis or ascitic fluid leak-

age. Enteral nutrition is preferred to parenteral nutrition

because of its low cost, decreased risk of infection, main-

tenance of gut mucosal integrity, and prevention of

Table 12.5 Nutritional supplement guidelines in cirrhosis.

Calories 35–40 kcal/kg/day

Protein 1.2–1.5 g/kg/day

Carbohydrate 50–60% of total calories

Fat 40–50% of total calories

Water 40–50mL/kg/day

Salt (sodium) 2–3 g/day

Calcium 1200–1500mg/day

Vitamin D 400–800 IU/day

Vitamin A 100000–200000 IU every 4 weeks

Vitamin K 10mg every 4 weeks
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bacterial translocation. In patients with cirrhosis, enteral

nutrition improves nutritional status and liver function,

reduces the rate of complications and even prolongs

survival [47–51]. The ESPEN guidelines show that

enteral supplements improved nutritional status and

immune function in outpatients with alcoholic cirrhosis.

Parenteral nutrition The parenteral route is used when-

ever the enteral or oral routes are not safe or possible or

when patients need to stay fasting for 72 hours or

more [52,53]. Peripheral parenteral nutrition may be

used to provide partial or total nutrition for up to 2

weeks, while central parenteral nutrition is good for

long-term therapy or in patients with fluid restriction.

However, central parenteral nutrition is plagued by

mechanical complications of catheter insertion in 4–6%

of cases. Infectious complications occur in about 5% of

patients receiving peripheral parenteral nutrition. More-

over, severe hyperglycemia and fluid, acid–base, and

electrolyte disturbances, as well as nutritional deficien-

cies, are more common with parenteral nutrition. How-

ever, recent clinical trials showed that patients with

parenteral nutrition had a decreased incidence of ascites

and infection [54].

Hepatobiliary complications are common in patients

on parenteral nutrition. Parenteral nutrition-associated

liver disease (PNALD) is a complex disease that is diag-

nosed by clinical presentation, biochemical markers of

liver injury, concurrent use of total parenteral nutrition,

and negative work-up for other causes of liver disease. As

liver biopsy is invasive, the diagnosis of PNALD is usually

made by a rise in serum conjugated bilirubin of 2mg/dL

or more, which may be accompanied by increasing

gamma-glutamyl transpeptidase, alkaline phosphatase,

and aminotransferases. The spectrum of PNALD can

range from parenteral nutrition-associated cholestasis,

parenteral nutrition-associated liver injury, to intestinal

failure-associated liver disease. PNALD is reported to

occur in 50–66% of children receiving long-term total

parenteral nutrition, with a higher incidence in pre-

mature neonates [55]. Although the incidence of PNALD

is much higher in children, PNALD also occurs in adult

patients but may present with cholestasis, hepatosteato-

sis, or cholelithiasis [55].

Parenteral nutrition-associated cholestasis usually

improves after cessation of parenteral nutrition [56].

PNALD may be prevented or reversed if enteral feeding

can be established. If enteral nutrition is impossible,

reducing thedurationofdailyparenteral nutritionorusing

cyclic infusions may be useful. The other preventive mea-

sures includemaintaining the calories at less than 25kcal/

kg/day and using lipid emulsions with long and medium-

chain triglycerides or omega-9 monounsaturated fatty

acids [56,57]. Moreover, metronidazole, ursodeoxycholic

acid, and S-adenosylmethionine can be used.

Parenteral nutrition is thus a less desirable option than

enteral nutrition and should be reserved for patients in

whom enteral feeding cannot be achieved [58]. The

ESPENguidelines indicate thatparenteralnutrition should

be considered in patients with higher grade hepatic ence-

phalopathy, particularly in hepatic encephalopathy IV

with malfunction of swallowing and cough reflexes,

and unprotected airways. After liver transplantation,

patients should receive early postoperative nutrition,

and then parenteral nutrition is the secondary option after

enteral nutrition.

Practical implementation

In general, nonstressed patients should be provided a

daily total energy of 30 kcal/kg ideal body weight, and

protein should constitute at least 4 kcal/kg/day or 1 g/kg/

day. Stressed patients may require increased protein up

to 1.5 g/kg/day to avoid catabolism of muscle protein.

The ESPEN guidelines recommend that cirrhotic patients

should achieve an energy intake of 35–40 kcal/kg/day

(147–168kJ/kg/day) and a protein intake of 1.2–1.5 g/

kg/day. In addition, during intermittent acute illness or

exacerbations of the underlying chronic liver disease, an

above-normal protein intake (1.5 g/kg/day) and kilocal-

orie intake (40 kcal/kg/day) might improve protein–cal-

orie malnutrition, and should be considered in the

treatment of these patients.

Protein supplementation A protein intake of 1.2–1.5 g/kg/

day is safe in patients with cirrhosis. For those with

compensated cirrhosis, this goal can be achieved with

a normal diet without any restrictions in carbohydrates,

proteins, or fat. In the case of decompensated cirrhosis,

supplementary meals are often recommended and pre-

scribed. It was previously believed that protein should be

restricted for patients with cirrhosis to avoid precipitation

of hepatic encephalopathy. Later studies, however,

showed that patients undergoing protein restriction

may develop muscle catabolism, leading to a rise in

ammonia and worsening of hepatic encephalopathy. A

randomized clinical trial has demonstrated that an intake
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of 1.2 g/kg/day protein prevents muscle catabolism and

does not precipitate hepatic encephalopathy [59].

According to the ESPEN guidelines, low-grade hepatic

encephalopathy (grades I and II) is not regarded as a

reason for diet or protein restriction, underscoring that

malnutrition is certainly considered a negative prognos-

tic factor. There is an exception, however, for those

patients with severe hepatic encephalopathy (grades III

and IV) who should have a restricted protein intake

(Figure 12.2).

Carbohydrates and fat In the prescribed diets there

should be no restriction on carbohydrate intake, even

in patients with diabetes mellitus or who belong to the

subgroup of patients with insulin resistance. In fact,

40–50% of all patients with end-stage liver disease

develop insulin-resistant diabetes mellitus. The exact

cause differs from patient to patient, with the most

prominent being chronic hyperinsulinemia, pancreatic

insufficiency due to alcohol toxicity, diminished glyco-

gen storage capacity of the liver, and impaired glucose

uptake from the skeletal muscles. Four to six meals daily

containing foods rich in carbohydrates are recom-

mended [60]. Carbohydrate intake should exclusively

be provided by glucose and cover 50–60% of nonprotein

energy requirements, with the other 40–50% of non-

protein energy requirements provided by lipid intake.

Most of the calories in parenteral nutritional formula-

tions are derived from dextrose and fat, and lipid

emulsions can be used to advantage to provide 20–

40% of total calories.

Vitamin and mineral requirements Nutritional therapy in

patientswith chronic liverdisease shouldnotonly focuson

treatment of protein energy malnutrition, but should also

aim to correct specific nutrient deficiencies. Patients with

advanced liver disease commonly develop micronutrient

deficiencies. One of the most common complications of

cirrhosis is osteoporosis. Prescription of 1200–1500mg

calcium and 400–800 IU vitamin D, especially in patients

with cholestasis, is advised. Biphosphonates are also rec-

ommended [61]. Lack of vitamin A results in nyctoty-

phlosis and dry cornea and so the use of 100000–

200000 IU every 4 weeks is advisable [62]. Parenteral

administration of 10mg vitamin K every 4 weeks is rec-

ommended as well. A diet low in sodium of <2–3 g/day

NaCl is generally advised in end-stage liver disease in

patients with ascites and fluid retention. Most commer-

cially available enteral feeding formulas also contain about

1 kcal/mLenergy and sufficient vitamins, electrolytes, and

trace minerals to guarantee adequate nutrition when

provided in 2–3L volumes each day. Themajority contain

less than 2 g sodium and are acceptable when salt intake

must be limited. Parenteral solutions routinely have

water-soluble and miscible vitamins as well as standard

additionsof traceminerals. Inaddition, adultsdaily require

about 30mL of water per kilogram of body weight, or

approximately 1mL/kcal of energy. However, patients

Liver cirrhosis

Decompensated

III~IVI~II

Energy:25–

35 kcal/kg/day

Energy:25–

35 kcal/kg/day

Energy:25–35 kcal/kg/day Energy:35–

40 kcal/kg/day

Protein:1.0–

1.2 g/kg/day

Protein:0.5–

1.5 g/kg/day

Protein:0.5–1.2 g/kg/day

BCAA enriched solutiom

Protein:1.5 g/kg/day

Yes

No

Compensated

HE Type? HE?

Malnutrition

Figure 12.2 Algorithm for the recommendations of European Society for Parenteral and Enteral Nutrition (ESPEN) in liver cirrhosis.

BCAA, branched chain amino acid; HE, hepatic encephalopathy.
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with ascites, edema, heart failure, or intrinsic kidney

diseasemayhave lowurine output and require lesswater.

Amino acids Both peripheral and central parenteral

nutrition solutions are formulated with amino acids

rather than proteins. Two liters of a 5% amino acid

solution is equivalent to about 80 g protein. Disease-

specific amino acid mixtures are commercially available

for parenteral nutrition, but their superiority over bal-

anced mixtures of essential and nonessential amino acids

is uncertain. Branched chain amino acids (BCAAs), such

as valine, leucine, and isoleucine, have a branched side

chains instead of an aromatic group in aromatic amino

acids, such as phenylalanine, histidine, and tryptophan.

BCAAs help protein synthesis and turnover in the

peripheral muscles with subsequent generation of

energy. This leads to reduced BCAA levels in patients

with cirrhosis [62]. An initial randomized clinical trial of

37 cirrhotic patients showed that BCAA supplementation

compared with conventional protein supplementation

(80 g/day protein intake in both groups) was superior

in improving hepatic encephalopathy without any effect

on the serum ammonia levels [63]. A much larger study

646 of patients showed benefit of BCAA granule supple-

mentation (12 g/day for 2 years) in 314 patients to reduce

the composite primary endpoint of death or transplanta-

tion compared with standard protein intake in 308

patients, due to reduced progression to liver failure.

Also, BCAA supplementation resulted in improved qual-

ity of life. There was no difference, however, in the

occurrence of esophageal variceal rupture, liver cancer,

and death. The use of a more palatable form of BCAAs as

granules instead of powder in the previous study resulted

in improved patient compliance, with 86% of patients

taking the full amount of recommended doses through-

out the study [64].

However, other studies have failed to show a clinical

benefit of BCAA supplementation. Kanematsu et al. [65]

reported that there was no significant difference in rate of

occurrence of hepatic encephalopathy between BCAA

and control groups during a 14-day follow-up. Further-

more, in patients with severe decompensated cirrhosis,

the timing of oral BCAA administration is an important

issue because BCAA granules take time to take effect. The

available basic research and clinical trials about BCAA in

cirrhosis were carried out mainly in Japanese subjects

and more research is needed to explore the novel effects

of BCAA in the prognosis of cirrhosis. Because oral BCAA

granules are unavailable in China, we usually use an

intravenous amino acid solution enriched with more

BCAA to treat patients with hepatic encephalopathy.

In other parts of the world, the high cost and

unpalatability may limit the potential applicability of

this treatment [66]. In summary, the use of BCAA

supplementation in decompensated cirrhosis remains a

controversial issue [67], and it is clear that further trials

are needed before this strategy can be routinely recom-

mended to treat hepatic encephalopathy.

Specific patient populations

for nutritional support

Alcoholic liver disease Alcoholic liver disease (ALD) is the

most prevalent form of liver disease in North America

and Europe, and is an emerging problem in developing

countries including China. It encompasses a spectrum of

liver injury, ranging from simple hepatic steatosis

through alcoholic steatohepatitis to frank cirrhosis and

hepatocellular carcinoma. The presence of significant

malnutrition is a common finding in alcoholics, as are

deficiencies in a number of vitamins and trace minerals,

including vitamins A, D, thiamine, folate, pyridoxine,

and zinc. The reasons for malnutrition in alcoholism

include the finding that alcohol has profound effects

on protein and energy metabolism, and direct effects

on small bowel mucosal function and absorption. Mal-

nutrition due to impaired caloric intake and increased

catabolism is very common in patients with ALD [68–

71], is associated with an increased rate of major com-

plications of severe alcoholic hepatitis and cirrhosis, and

indicates a poor prognosis. Therefore, the presence and

extent of malnutrition and micronutrient deficiencies

have an important role in determining the outcome of

patients with ALD, and nutrition status should be care-

fully evaluated. In 2010, the ALD practice guideline by

the American Association for the Study of Liver Disease

(AASLD) and the American College of Gastroenterology

(ACG) recommended that all patients with alcoholic

hepatitis or advanced ALD should be assessed for nutri-

tional deficiencies, as well as vitamin and mineral

deficiencies.

Current clinical management of patients with ALD

focuses on alcohol abstinence, aggressive nutritional

therapy rich in calories and proteins, and early treatment

of alcohol abuse or dependence, and liver-related com-

plications. Long-term aggressive nutritional therapy by

132 Chapter 12



the enteral or oral route in patients with alcoholic cir-

rhosis is supported by several studies that have shown

improved nutritional status [72,73]. However, a recent

meta-analysis showed that nutritional supplementation

provided nomortality benefit in patients with ALD,while

patients with hepatic encephalopathy should be encour-

aged to have nutritional supplementation [74].

Considering the potential risk of Wernicke’s encephal-

opathy, supplementation with B-complex vitamins is

recommended. Independent from hepatic encephalop-

athy, a daily protein intake of 1.2–1.5 g/kg of bodyweight

and 35–40 kcal/kg for energy should be ensured. Lipid-

soluble vitamin deficiency should be compensated. The

AASLD/ACG ALD guideline [75] recommends that

patients with alcoholic cirrhosis should receive feedings

at frequent intervals, including a nighttime snack and

morning feeding, to improve their nitrogen balance. As

the recommended protein–caloric intake is often difficult

to achieve orally in a significant proportion of patients

with severe alcoholic hepatitis, those with severe disease

should thus be treated aggressively with enteral nutri-

tional therapy. Many recommendations [52], based on

the results of the study by Cabre et al. [76], suggest that

enteral nutritional support might increase survival in

patients with severe alcoholic hepatitis. However, dou-

ble-blinded randomized controlled and larger multi-cen-

ter clinical trials are still needed to guide clinical practice.

Hepatic encephalopathy More than 25% of cirrhotic

patients will eventually develop some grade of hepatic

encephalopathy [77]. Hepatic encephalopathy is a wide

spectrum of neuropsychiatric abnormalities occurring in

patients with significant liver dysfunction due to an as yet

uncertain mechanism. Nutritional factors have a major

role both in the pathogenesis and the management of

hepatic encephalopathy. The neuropsychiatric altera-

tions may range from mild behavior changes to deep

coma. Various measures are used to treat hepatic ence-

phalopathy [78,79]. First, identify and correct the pre-

cipitating factors including electrolyte abnormalities,

constipation, and so on. Second, initiate empiric therapy

including gut cleaning with enemas, use of non-

absorbable disaccharide and/or a nonabsorbable antibi-

otic. Third, institute a low or zero protein diet only for

immediate management of overt encephalopathy, and a

vegetable-based protein diet and BCAA-enriched oral

diet are recommended for long-term treatment [80].

However, information regarding improvement in hepatic

encephalopathy after BCAA supplementation is still con-

troversial [77,81]. A recent systematic review by Gluud

et al. [81] show that oral BCAA supplements improve

manifestations of hepatic encephalopathy but have no

effect on survival. Actually, more than 95% of cirrhotic

patients can tolerate diets containing asmuch as 1.5 g/kg/

day of mixed proteins. For those few patients with

protein intolerance, BCAAmight be better than standard

amino acid supplements.

Liver transplantation Malnutrition is a common problem

for patients waiting for orthotopic liver transplantation,

and poses a major risk factor for postoperative morbidity

and mortality [82–84]. Recipients’ malnutrition is asso-

ciated with increased operative blood loss, length of stay

in the intensive care unit, mortality, and total hospital

charges after liver transplantation [84,85]. Whether the

presence of a compromised nutritional status has a role as

an independent risk factor for the outcome of liver

transplantation is still a matter of debate, although,

interestingly, current opinion is that malnutrition should

not be considered as a contraindication to liver trans-

plantation [58]. Results from Singal et al. [43] support

the feasibility of liver transplantation for patients with

alcoholic cirrhosis with obesity or malnutrition. How-

ever, there is no uniform approach among transplant

centers regarding the management of nutrition in trans-

plant patients [86]. Particular attention should be

focused on these patients, by evaluating their nutritional

status and by planning possible nutritional corrections.

Recently, the Council of the British Transplant Society

issued guidelines for the management of NASH before

and after liver transplantation. According to the guide-

lines [3,87], the criteria for listing of patients for liver

transplantation for those with NASH cirrhosis, either due

to end-stage liver disease or presence of hepatocellular

carcinoma, should be in line with standard national

criteria; there are no data to support an absolute cutoff

for BMI and liver transplantation. BMI should be cor-

rected for the presence of ascites and peripheral edema.

Weight loss should not be recommended in patients with

decompensated end-stage liver disease because of the

risk of protein–calorie malnutrition. All potential NASH

transplant recipients, including those with an elevated

BMI, should be assessed by a dietitian and supplemental

feeding considered if protein–calorie malnutrition is

present. Dietary assessment of patients being assessed

for liver transplantation should include use of hand-grip
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strength, anthropometry, and/or SGA to assess the

patient’s nutritional status and allow supplementation

if required. Dietary assessment of patients should be

repeated on an annual basis while they remain on the

waiting list for liver transplantation.

Conclusions

As malnutrition is prevalent in advanced liver disease

and it has prognostic value, it is of great importance to

assess the nutritional status of cirrhotic patients. Mal-

nutrition in cirrhosis can be defined as the loss of both

visceral and skeletal muscle protein stores and fat mass.

However, it is sometimes difficult to evaluate the nutri-

tional status in these patients as many have ascites and

edema. In addition, a number of aspects of nutritional

assessment are controversial. Further studies are needed

to explore the effects of malnutrition on liver disease, and

clinicians need to realize that malnutrition is ubiquitous

in all kinds of cirrhosis. The treatment of malnutrition

may improve the clinical outcome as it has prognostic

significance.
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Variceal bleeding

Acute variceal bleeding is a notorious complication of

portal hypertension with a high morbidity and mortal-

ity. When the portal pressure (measured by the hepatic

venous pressure gradient, HVPG) is �10mmHg, porto-

systemic collaterals and varices begin to form. These

varices subsequently grow in size and the wall becomes

thinner with increasing wall tension according to Lap-

lace’s law. Finally, the wall ruptures resulting in a

variceal bleed [1]. Acute variceal bleeding occurs in

25–40% of patients with cirrhosis [2] and mortality

rates vary from 10% to 50% per episode [3–5]. Up to

one-third of survivors will experience rebleeding

within 6 weeks [6] and up to 62% at 2 years [1].

Variceal hemorrhage generally occurs in patients diag-

nosed with end-stage chronic liver disease but it can be

the first presentation of an unknown underlying liver

cirrhosis. Rarely, it is a consequence of noncirrhotic

portal hypertension or portal vein thrombosis. The

typical clinical presentation is a patient with liver cir-

rhosis presenting with hematemesis, coffee-ground

emesis, melena, or rectorrhagia. Severity of bleeding

and prognosis are associated with several factors.

Patients with high portal pressures (HVPG �20mmHg)

have worse outcomes. Advanced liver failure is a bad

prognostic factor. In Child–Pugh A patients, mortality is

close to zero, in Child–Pugh B it is 10%, and in Child–

Pugh C patients almost one in three will die. Patients

with massive bleeding presenting with hemorrhagic

shock and patients with several comorbidities such as

hepatocellular carcinoma, portal vein thrombosis, acute

alcoholic hepatitis, sepsis, and organ failure have a

worse outcome [1].

Diagnosis and management

Initial evaluation

Endoscopy is the gold standard for diagnosing upper

variceal bleeding and should be performed within 12

hours [7,8]. Before endoscopy can be performed, a

clinical approach is essential to establish a tentative

diagnosis. The following questions should be answered

during this initial evaluation [7].

1 Rule out an aorto-enteric fistula. Suspicion should be

raised in patients with a history of aortic aneurysm

with or without past surgery [9].

2 Are there anamnestic or clinical signs suggestive of

portal hypertension and cirrhosis? You should actively

look for stigmata of portal hypertension such as ascites,

spider nevi, palmar erythema, and so on. The family

should be questioned about chronic alcohol abuse and

risk factors for hepatitis B or C virus infection. If the

answer is yes, vasoactive medication must immedi-

ately be started [1,7,8].

3 Are there signs of impaired vital functions (Airway,

Breathing, Circultation, altered consciousness, and so

on)? If the answer is positive, the patient should

immediately be transferred to a monitored environ-

ment and examined by an emergency physician or

intensive care specialist [10].

4 Is the patient taking anticoagulant or antiplatelet

therapy?
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General management

The first goals in the management of acute variceal

bleeding are to control the bleeding, prevent early

rebleeding, and treat concomitant complications, thus

allowing the patient to survive the 5-day acute bleeding

period [1]. Acute variceal bleeding should be managed by

a multidisciplinary team involving experienced medical

intensive care staff, well-trained nurses, clinical hepatol-

ogists, endoscopists, interventional radiologists, and sur-

geons [10]. An algorithm is proposed in Figure 13.1.

Clinical suspicion of variceal bleeding 

Start vasoactive drug

(terlipressin or somatostatin) 

Start AB, cautious volume restitution

Airway protection

Endoscopy

Esophageal variceal

bleeding 

Endoscopic band ligation

Control bleeding Yes 

Continue vasoactive

drug for 5 days; start beta-

blockers   

No 

Evaluate severity 

Mild Severe 

Repeat endoscopic therapy 

Control bleeding Yes No 

Covered TIPS

within 72 hours  

Balloon tam-

ponade

If Child B with active

bleeding at endoscopy

or Child C <14   

Figure 13.1 Algorithm for esophageal variceal bleeding based on the Baveno V guidelines. AB, antibiotic; EBL, endoscopic band

ligation; TIPS, transjugular intrahepatic portosystemic shunt.
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The management of a patient with acute variceal

bleeding includes resuscitation, vasoactive medication,

and endoscopy.

Resuscitation

Resuscitation is guided by the classic mnemonic ABC

(Airway, Breathing, Circulation). Any doubt about

airway safety should lead to prompt endotracheal

intubation [11].

Fluid resuscitation should be initiated as soon as pos-

sible in patients with signs of shock (tachycardia >100/

minute, systolic blood pressure <100mmHg, or

increased lactate levels) with a target of mean arterial

pressure (MAP) >65mmHg [12]. Albumin 5% is the

preferred volume expander. After reaching hemo-

dynamic stability, volume replacement at 30mL/kg/24

hours can be performed in the absence of cardiac or renal

contraindications. Transfusion of packed red blood cells

above 8 g/dL is not appropriate, unless the patient has a

history of coronary or cerebrovascular disease [13,14], as

blood transfusion can induce a rebound increase in portal

pressure, cause rebleeding or sustained bleeding [15].

Vasoactive medication

Vasoactive drugs (terlipressin and somatostatin) aim to

cause splanchnic vasoconstriction, thereby decreasing

portal pressure and reducing or even stopping bleeding

from varices. Bleeding is stopped in 75–80% of patients

and the risk of rebleeding is reduced. Therefore, vaso-

active medication should be started as early as possible

when a variceal bleeding is presumed [16]. Vasoactive

medication should be continued for 5 days according to

the most recent Baveno V guidelines [8].

Different vasoactive drugs are locally available around

the world. The first choice should be terlipressin because

it is the only drug that has been proved to bring about a

reduction in mortality in acute variceal bleeding [17,18].

Somatostatin and its analogs are second choice consid-

ering that they have not demonstrated a reduction in

mortality [19]. However, a recent meta-analysis claimed

to show no difference in efficacy among octreotide,

somatostatin, terlipressin, vasopressin, and vapreo-

tide [20] including in mortality, but there were some

methodologic issues. Vasoactive drugs should always be

used in combination with endoscopic treatment.

Terlipressin is a long-acting triglyl lysine derivative

of vasopressin. It is started as an intravenous (IV)

bolus (<50kg= 1mg; 50–70kg= 1.5mg; >70kg= 2mg)

followed by an IV bolus of 1–2mg every 4hours for

48hours and then 1mg every 4hours until day 5. Terli-

pressin improves the rates of bleeding and survival [21].

Fewer side effects seem to appear when it is given in

a continuous IV infusion (6mg/24hours) as proposed

in hepatorenal syndrome [22]. It is contraindicated in

patients with coronary insufficiency, peripheral vascular

disease, pregnancy, heart rhythmdisease, severe bronchial

asthma, uncontrolled arterial hypertension, or epilepsy.

If terlipressin cannot be used, somatostatin is a good

alternative. Somatostatin treatment starts with a contin-

uous IV infusion of 6mg over 24hours followed imme-

diately by a bolus of 250 μg within 5 minutes. The bolus

can be repeated up to three times during the first hour if

bleeding is uncontrolled. The dosage can be increased to

12mg over 24hours in cases of active bleeding. There

are no important side effects or contraindications [1,19].

Minor complications are seen inup to 30%of patients and

include nausea, vomiting, and hyperglycemia [19,23].

Somatostatin is also used in children; however, large

clinical trials are not available. It is started with a contin-

uous IV infusion of 3.5 μg/kg/hour immediately followed

by a bolus of 3.5 μg/kg IV over 5 minutes [24].

A second alternative is octreotide. This somatostatin

analog has a longer half-life than somatostatin [25].

The safety profile is similar to that of somatostatin.

However, clinical trials are limited and could not dem-

onstrate a reduction in mortality [26]. This may be

because of the rapid development of tachyphylaxis [25].

Octreotide only showed a reduction in rebleeding after

sclerotherapy [27].

There is no evidence for the use of proton pump

inhibitors [8] or antifibrinolytics [28] in these patients.

Antibiotics

The use of prophylactic antibiotics is mandatory in

patients with variceal bleeding, as they decrease infec-

tious complications and reduce mortality [29–31].

Patients with variceal bleeding need an active search

for infections, including blood, ascites, and urine cul-

ture. Empiric antibiotic regimens should be based on

local resistance patterns. Proposed first line antibiotics

are amoxicillin-clavulanic acid, quinolones, or third

line cephalosporins. In patients with advanced cirrho-

sis, a third line cephalosporin may be advised (e.g.,

ceftriaxone 1 g/day), especially in inpatients with high

quinolone resistance or those chronically taking nor-

floxacin for prevention of spontaneous bacterial
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peritonitis [32]. The duration should be limited to 7

days according to the American Association for the

Study of Liver Diseases (AASLD) guidelines [30].

Coagulation disorders

Many cirrhotic patients present with coagulation dis-

orders, low platelet counts, and intake of antiplatelet or

antivitamin K drugs. However, we should remind that

prothrombin time/international normalized ratio is not

a reliable indicator of the coagulation status in these

patients [8]. For this, the use of coagulation factors,

fresh frozen plasma, and platelets is not encouraged, as

these could increase portal pressure and maintain the

bleeding. However, when the platelet count is lower

than 30 000/μL, platelet transfusion can be advised in

cases of persistent bleeding. Withdrawal of antiplatelet

drugs and antivitamin K medication can cause throm-

botic events and should only be stopped after consul-

tation with a cardiologist [7].

Endoscopy

Endoscopy should be performed as soon as possible but

within 12 hours [8,16,33]. Hemodynamically unstable

andhigh risk patients should be transferred to an intensive

care unit to perform endoscopy in a safe environment.

Prophylactic endotracheal intubation should be per-

formed in patients with active hematemesis, hemo-

dynamic instability in spite of adequate volume loading,

absence of cooperation, orGlasgowComaScale (GCS)<8.

Stomach cleansing can be performed by administrating

250mg erythromycin IV over 5 minutes, 20 minutes

before endoscopy [34–36]. This may help to improve

the endoscopic view and hence lead to a better thera-

peutic performance.

Endoscopic diagnostic criteria for variceal bleeding are

active bleeding from a varix, presence of a white nipple

(fibrin clot) on a varix, or the presence of varices without

other potential source of bleeding and fresh blood in the

stomach [1,11,37]. Endoscopic therapy should be per-

formed during the same procedure by a skilled endoscopist.

Esophageal varices

Endoscopic band ligation (EBL) is preferred for esoph-

ageal varices as it is superior for bleeding control and

rebleeding compared to sclerotherapy and has fewer

adverse events. However, sclerotherapy can be a valu-

able alternative if EBL is not available or cannot be

performed for technical reasons [1].

Gastric varices

Gastric varices are responsible for 5–10%of variceal bleeds,

but are more severe and have a higher mortality [38].

Gastric varices can be divided into four types according

to the Sarin classification (Figure 13.2) [38]. This classi-

fication is based upon their relation with esophageal

varices and location. Gastroesophageal varices (GOV)

are associated with esophageal varices along the lesser

curvature (GOV1) or along the fundus (GOV2). Isolated

gastric varices (IGV) appear in the fundus (IGV1) or on

other sites in the stomach or the first part of the duode-

num (IGV2). If these appear after endoscopic obliteration

of esophageal varices, they are classified as secondary

gastric varices. Gastric varices are more frequent in

individuals with portal hypertension resulting from

extrahepatic portal vein thrombosis. Gastric varices

located in the fundus have a higher bleeding incidence.

Other risk factors for a first hemorrhage are advancing

Child–Pugh stage, presence of red spots, and increasing

size of the varices [39].

The therapeutic approach remains empirical, as large

randomized controlled trials (RCTs) are not available.

Acute bleeding from gastric varices is challenging.

Based on the extrapolation of data from esophageal

varices, the use of vasoactive drugs is recommended [40].

GOV1 are the most common type of gastric varices

(74%) [38] and can endoscopically be treated like “con-

ventional” esophageal varices with EBL. The other

types of gastric varices require a patient-tailored app-

roach but most of them will need injection of glue agents

such as N-butyl-2-cyanoacrylate (Histoacryl) or isobu-

tyl-2-cyanoacrylate (Bucrylate). This procedure can be

technically demanding during active bleeding. It should

be performed by a skilled and experienced endoscopist.

Major complications can occur because obturation can

extend beyond the varices and pulmonary and cerebro-

vascular embolization has been reported [40]. A small

series reports successful treatment of gastric varices by

thrombin injection [41]; however, these findings have

not been confirmed in larger trials.

Rescue treatment in esophageal and gastric

variceal bleeding

Failure to control bleeding was defined by the Baveno V

guidelines as a fresh hematemesis�2 hours after the start

of a drug treatment, or therapeutic endoscopy; a 3 g/dL

drop in hemoglobin if no transfusion is administered; or

death. This should lead to a change of treatment options.
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Balloon tamponade

Balloon tamponade is indicated for uncontrolled bleeding

as a bridge to a definitive therapy within 24 hours. Two

types are available: a Linton tamponade (Figure 13.3) can

treat esophageal and gastric varices, whereas a Seng-

staken–Blakemore tamponade (containing two balloons)

will only compress esophageal and cardiac varices (Fig-

ure 13.4). The Linton type is easier to use in daily practice.

It is effective in bleeding control but rebleeding after

balloon deflation is very common. Complications can be

serious and include aspiration pneumonia, laceration of

the esophagus, malposition in the airway, and can be

lethal [8,11,42]. Presence of the balloon for more than

24 hours can cause necrosis of the esophageal or the

stomach wall [40].

A covered removable esophageal stent has been devel-

oped for esophageal varices but has not yet been vali-

dated in large trials [43].

Transjugular intrahepatic portosystemic stent

shunt

Transjugular intrahepatic portosystemic shunt (TIPS) is an

intrahepatic stent that is placedviaa transjugular approach

creating a portosystemic venous shunt. It was first

described in 1987 for the use of variceal bleeding [44].

However, the complication rate was high with mortality

rates approaching 50%. Nowadays, polytetrafluoroethy-

lene (PTFE) covered TIPS are available. These are very

effective in controlling variceal bleeding and have a low

rate of obliteration. The goal of TIPS placement in variceal

bleeding is to reduce hepatic venous pressure gradient

below 12mmHg or obtain a reduction of more than

20% from baseline [45]. TIPS placement is preferred

over surgical shunts. Although shunts are extremely effec-

tive in controlling variceal bleeding, they have higher

morbidity andmortality rates. TIPS placementmay induce

encephalopathy and deterioration of liver function.

Figure 13.2 Classification of gastric varices according to Sarin et al., 1992 [38]. GOV, gastroesophageal varices; IGV, isolated gastric

varices. Reproduced with permission of John Wiley & Sons.
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Two recent studies [46,47] have shown that high risk

patients for rebleeding have a survival benefit when early

PTFE-covered TIPS is placed (within 72hours of admis-

sion) compared with a combination of vasoactive drugs

and endoscopic therapy (1 year survival of 86% vs. 60%,

respectively). These data were confirmed in a post-RCT

surveillance study [48]. Moreover, TIPS had a higher

bleeding control rate and less early rebleeding. Based on

these studies, the Baveno V consensus meeting states

that early, covered TIPS placement should be considered

in high risk patients. High risk patients are defined as

Child B cirrhotic patients with active bleeding at the

moment of endoscopy or Child C patients with less

than 14 points after optimal medical and endoscopic

treatment.

Surgical shunt

Surgical splenorenal, portacaval, and Rex shunts are

highly effective in controlling variceal bleeding. However,

they should be reserved for patientswithwell-preserved

liver function in which bleeding control is not achiev-

ed with vasoactive drugs and endoscopic therapy, and

without complications from the bleeding or the endos-

copy. It should be performed by a well-trained and

experienced surgeon. According to the Baveno V con-

sensus statement, decompressive surgery should be

considered for patients with portal vein thrombosis

and failure of endoscopic therapy. In patients who

are not eligible for TIPS or shunt operation, for example

those with extensive portal vein thrombosis with exten-

sion in the splenic and superior mesenteric veins, a

Sugiura procedure can be used. A Sugiura procedure

consists of an esogastric devascularization, a splenec-

tomy, and an esophageal transection [49].

Rebleeding

In cases of rebleeding, a second-look endoscopy is

allowed for esophageal varices, but not for gastric varices.

Figure 13.3 Linton balloon tamponade. A Linton balloon is made of a pear-formed balloon placed over a tube with three lumens. At

the proximal side of the tube, three ports are visible: one for inflation of the gastric balloon, one for the esophageal port, and one for

the gastric port. Inflate the balloon to check for leaks. Deflate the balloon. Lubricate the tube. Insert the tube, in a ventilated patient,

through the nasal (or oral) passage and advance it until it reaches the stomach. Inflate the balloon with 200mL of air. Withdraw the

balloon gently until resistance is felt. This indicates that the gastric balloon is positioned against the cardioesophageal juncture and

held by the diaphragm. Now, correct position must be confirmed by a chest X-ray (including the subdiaphragmatic region). If the

balloon is in a correct position (under the diaphragm), inflate the Linton balloon to 500mL. Record the amount of air inflated in the

patient’s file. The insufflation port should be clamped to avoid uncontrolled air loss. Finally, attach a rope to the tube and adjust a

serum bag of 200mL on this rope. Place this over a pulley system to ensure traction on the rope and ascertain the correct position of

the balloon against the gastroesophageal junction by another chest X-ray. The gastric balloon should not be maintained for more

than 24 hours.
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In case of failure or severe bleeding, again TIPS should be

considered before a further deterioration of the patient’s

condition. Increasing the dose of vasoactive medication

to maximal levels can be tried, but is not based on hard

evidence. Again, balloon tamponnade can be used as a

bridge to TIPS or shunt surgery. Esophageal covered

stents and Sengstaken–Blakemore cannot be used in

gastric varices.

Antibiotic prophylaxis

Antibiotic prophylaxis should be started at admission for

5–7 days. In cases of a confirmed infection, the duration

and the choice of antibiotics should be tailored to the

individual patient. Patients who have spontaneous

bacterial peritonitis should be given a secondary pro-

phylaxis with oral norfloxacine 400mg/day life-long,

until transplantation, or until complete resolution of

ascites [50].

Secondary prophylaxis

Risk of rebleeding after a first episode of variceal bleeding

ranges between 30% and 40% during the first 6 weeks;

40% will occur during the first 5 days [6,51]. Secondary

prophylaxis is mandatory. The preferred option is a com-

binationof beta-blockadewithEBL [8].Nonselectivebeta-

blockers (e.g., propranolol) should be given in the maxi-

mum tolerated dose, aiming for a heart rate of 50–60beats

perminute [8,33]. The aimof EBL is eradication of varices,

Figure 13.4 Sengstaken–Blakemore tamponade. A Sengstaken–Blakemore balloon contains two balloons (one esophageal balloon

and one gastric balloon) placed over a tube with four lumens: one lumen for every balloon, and two lumens that aspirate the gastric

and esophageal contents at the proximal end. Inflate the balloons to check for leaks. Deflate the balloon. Lubricate the tube. Insert

the tube in a ventilated patient through the nasal (or oral) passage and advance it until the stomach. Inflate the gastric balloon with

50mL of air. Withdraw the balloon gently until resistance is felt. This indicates that the gastric balloon is positioned against the

cardioesophageal juncture and hold by the diaphragm. The correct position now must be confirmed by a chest X-ray including the

subdiaphragmatic region. If the balloon is in the correct position, inflate the esophageal balloon to 150mL of air maximum and the

gastric balloon to 250mL of air maximum. A manometer can be used to check the air pressure in the esophageal ballon, which

should not exceed 40mmHg [87]. Record the amount of air inflated in the patient’s file. All insufflation ports should be clamped to

avoid uncontrolled air loss. Finally, attach a rope to the tube and adjust a serum bag of 200mL to this rope. Place this over a pulley

system to ensure traction on the rope and ascertain the correct position of the balloons in the esophagus and against the

gastroesophageal junction by another chest X-ray. The gastric balloon should not be maintained for more than 24 hours. The

esophageal balloon may be deflated every 8 hours for 30–60 minutes to prevent esophageal mucosal necrosis. Evidence-based

guidelines are lacking.
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so it should be repeated every 2–3 weeks until this goal is

reached, usually after 2–4 sessions. Repeat endoscopy is

advocated after 1–3 months and then 1–2 times per

year [11,30].

The Baveno V guidelines (2010) for specific patient

groups are summarized in Table 13.1.

A relatively new tool for rescue after a first bleeding or

for secondary prophylaxis of gastric variceal bleeding in

patients with splenorenal shunts is balloon retrograde

transvenous obliteration of varices (BRTO). During this

procedure a catheter is placed under fluoroscopic guid-

ance in the splenorenal shunt (Figure 13.5). The shunt is

blocked with a balloon and glue is injected in the varices

in order to achieve obliteration [52,53].

Primary prophylaxis

Preprimary prophylaxis aims to prevent the formation

of varices. According to the most recent Baveno V

guidelines [8], all cirrhotic patients should be screened

for varices at the moment of diagnosis. The first step

is to treat underlying liver disease to reduce portal

hypertension and its complications. Beta-blockers are

not indicated to prevent the formation of varices.

These patients should undergo gastroscopy every 2–3

years [54].

Esophageal varices

The goal of primary prevention is to prevent bleeding in

patients diagnosed with varices. In patients with small

varices with red wale marks or Child C cirrhosis, non-

selective beta-blockers should be started. In patients with

small varices without red spots, red whale marks, or

advanced cirrhosis, the role of nonselective beta-blockers

is not totally clear yet.

In patientswithmediumor large variceswith a high risk

of bleeding (Child B or C and/or red signs), nonselective

beta-blockers or EBL can be recommended. For patients

with medium or large varices without these risk factors

(Child A and no red signs), nonselective beta-blockers are

preferred and EBL should be only considered in those

patients with intolerance, noncompliance, or with contra-

indications to beta-blockers (AASLD guidelines) [30].

According to the Baveno V guidelines, patients with

medium or large varices should be treated by either

nonselective beta-blockers or endoscopic band ligation,

according to local resources and expertise, patient char-

acteristics, and contraindications [8]. Carvedilol is a

promising drug but requires further exploration in this

setting. Shunt therapy, endoscopic sclerotherapy, and

isosorbide mononitrate are not indicated for primary

prevention.

Table 13.1 Summary of Baveno V guidelines regarding secondary prophylaxis for variceal bleeding [8].

Patient Recommendation

Patient with cirrhosis • Nonselective beta-blocker + EBL

• Hemodynamic response to drug therapy provides information

about rebleeding risk and survival

• In nonresponders, addition of isosorbide mononitrate can

improve efficacy

Patients with cirrhosis who are unable or unwilling to be treated with EBL Nonselective beta-blocker+ isosorbide mononitrate

Patients with cirrhosis who have contraindications or intolerance to beta-

blockers

EBL

Patients who fail endoscopic and pharmacologic treatment for the

prevention of rebleeding

TIPS with PTFE-covered stents

Surgical shunt in Child–Pugh A and B patients if TIPS is unavailable

Transplantation in Child–Pugh C patients

TIPS can be used as a bridge to transplantation

Patients who have bled from IGV1 or GOV2 Tissue adhesive (N-butyl-cyanoacrylate) or TIPS

Patients who have bled from GOV1 Tissue adhesive, nonselective beta-blocker, or EBL

Patients who have bled from portal hypertensive gastropathy Nonselective beta-blocker

Patients in whom beta-blockers are contraindicated or fail and who cannot

be managed by non-shunt therapy

TIPS or surgical shunt

EBL, endoscopic band ligation; GOV, gastroesophageal varices; IGV, isolated gastric varices; PTFE, polytetrafluoroethylene; TIPS, transjugular

intrahepatic portosystemic stent shunt.

Source: de Franachis & Baveno, 2010 [8]. Reproduced with permission of Elsevier.
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Gastric varices

For primary prophylaxis of gastric varices, Baveno V

guidelines [8] propose the use of nonselective beta-

blockers. However, a recent RCT comparing cyano-

acrylate injection with beta-blockers with no primary

preventive measures in high risk patients (GOV2 and

IGV1 with size of gastric varix >20mm, MELD score

�17, and presence of portal hypertensive gastropathy)

demonstrated a survival benefit in the cyanoacrylate

group [55]. This should be validated in larger trials to

elucidate the clinical significance of these interesting

findings and might support the eradication of gastric

varices in these high risk patients [40].

Portal hypertensive gastropathy

Endoscopic findings

Portal hypertensive gastropathy (PHG) is characterized

by typical mucosal lesions mimicking a snakeskin mosaic

pattern easily identified during endoscopy. This is caused

by a dilatation of the mucosal capillaries and submucosal

veins in the stomach [56,57]. According to the Baveno

III consensus, mucosal injury can be classified into mild

and severe. Mild lesions show a mosaic-like pattern

(Figure 13.6), whereas severe lesions show red mark-

ings (Figure 13.7) [54].

Pathogenesis

The pathogenesis of PHG has not totally been eluci-

dated. It is related to high portal pressure and can be

seen in patients with liver cirrhosis and those with

noncirrhotic portal hypertension. Independent risk

factors are Child–Pugh C cirrhosis, large variceal size,

and HVPG >12mmHg [58].

Epidemiology

PHG has a prevalence of 20–80% according to patient

characteristics and is more frequent in patients with

severe liver disease [59,60] and in patients with cirrhosis

who had a previous endoscopic treatment for vari-

ces [38,57]. This is because of redistribution of the blood

Figure 13.5 Schematic overview of balloon-occluded retrograde transvenous obliteration of gastric varices (BRTO). A balloon

catheter is inserted from the right femoral (or right internal jugular) vein and wedged into the left adrenal vein. When the balloon is

occluded, a venogram should be performed. Collaterals are first occluded with glue according to their importance. When gastric

varices are well opacified, glue is injected slowly with fluoroscopic monitoring until complete filling of the varix. Clot formation is

tested by a final venogram. 1, Portal vein; 2, pericardiophrenic vein; 3, inferior phrenic vein; 4, inferior vena cava; 5, gastric varix; 6,

short gastric vein; 7, coronary vein; 8, gastrorenal shunt; 9, posterior gastric vein; 10, spleen; 11, splenic vein; 12, adrenal vein; 13,

balloon catheter; 14, renal vein. (Based on Hirota et al., 1999 [53]).
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flow into the gastric mucosa previously drained through

the esophageal varices.

Portal hypertensive gastropathy and

hemorrhage

PHG accounts for less than 3% of acute bleedings but

can be responsible for chronic blood loss in cirrhotic

patients [57]. PHG is predominantly observed in the

fundus of the stomach, but patients with diffuse PHG

bleed much more than those with isolated PHG in the

antrum or fundus [57].

Acute bleeding from portal hypertensive

gastropathy

Acute bleeding from PHG is defined as the presence of

melena or hematemesis associated with an actively bleed-

ing mucosal lesion endoscopy [58]. Bleeding from PHT

related jejunopathy should be considered and assessed by

capsule endoscopy [61,62]. Treatment of acute bleeding

from PHG is based on decreasing gastric blood flow with

vasoactive agents such as terlipressin, somatostatin, or

nonselective beta-blockers [63]. Secondary prophylaxis

after a first bleeding episode from PHG with nonselective

beta-blockade is indicated [33]. In uncontrolled bleeding,

covered TIPS placement can be considered to achieve a

reduction of PHG [45]. For selected patients, shunt sur-

gery [64]or liver transplantation is the right option [40]. In

patients with uncontrolled bleeding who are not eligible

for TIPSor transplantation, endoscopic therapywith argon

plasma coagulation might become an alternative; how-

ever, this has not been validated in large RCTs [65].

The use of hemospray (a hemostatic powder that can

cover the mucosa) licensed for endoscopic hemostasis

may be of benefit in acute PHG bleeding. However, larger

studies should be set up [66].

Chronic bleeding from portal hypertensive

gastropathy

Chronic bleeding from PGH is defined by a decrease of

2 g/dL or more in hemoglobin in the absence of non-

steroidal anti-inflammatory drug (NSAID) use in the

previous 6 months. These patients should be offered

iron replacement therapy [40,67]. If the patient becomes

transfusion dependent, TIPS or shunt surgery must be

considered [64]. In treatment refractory patients with

advanced liver disease, a liver transplantation can be the

only option [40]. Primary prophylaxis for asymptomatic

patients with PHG without concomitant varices and

without past or present bleeding is not advocated [67].

Gastric antral vascular ectasia

Gastric antral vascular ectasia (GAVE) is a distinct

clinical entity and should not be confused with PHG.

Figure 13.6 Mild portal hypertensive gastropathy. Note the

snakeskin mosaic pattern.

Figure 13.7 Severe portal hypertensive gastropathy. Note the

snakeskin mosaic pattern with dark spots.
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In contrast to PHG, GAVE is present in cirrhotic

patients, but can also be seen in patients with non-

hepatic chronic diseases such as diabetes, heart failure,

atrophic gastritis, chronic renal failure, autoimmune

connective tissue disorders, and after bone marrow

transplantation [68–73]. However, liver insufficiency

seems to have an important role as GAVE is more

frequently seen in patients with severe liver disease

and resolves after liver transplantation [74].

Diagnosis is established by endoscopy. Patients with

GAVE present with flat red spots without a background

mosaic pattern. These red spots can merge into red

lines, which converge to the pylorus, creating a typical

“watermelon stomach” image (Figure 13.8). These

lesions are only observed in the stomach [67]. Differ-

entiating GAVE from PHG, which are two distinct

conditions, can be hard.

Histopathologic differentiation can also be challenging,

as both GAVE and PHG show mucosal capillary dilata-

tion. The standard microscopic characteristics of both

include capillary ectasia, regenerative mucosal changes,

and increased lamina propria smooth muscle, with the

presence of fibrin thrombi being a cardinal attribute for

GAVE [75]. Furthermore, GAVE appears to be charac-

terized by more extensive ectasia, thrombi, and spindle

cell proliferation. Fibrohyalinosis is an important lesion

for differentiating GAVE from severe PHG [76].

Patients with GAVE often are asymptomatic and

diagnosis can be an accidental finding during routine

endoscopy. Some patients will present with a chronic

iron deficiency anemia. Only those patients require

treatment. The mainstay of treatment is endoscopy.

Different thermoablative techniques have been studied.

Argon plasma coagulation (APC) is the most studied

and has the best results. APC is based on thermal

coagulation by applying a high frequency electric cur-

rent that is passed through with argon gas without

direct contact with the mucosa. Multiple sessions are

needed to achieve a reduction of mucosal lesions in

GAVE and hence a reduction of bleeding, most often

with a 2–6 week interval [67].

An alternative to APC is the neodymium:yttrium-alu-

minium-garnet (Nd:YAG) laser which can be applied to a

large surface area in a single session. It has proven

effective in reducing rebleeding and the need for trans-

fusion in GAVE [68,71,77]. A major drawback is the

higher risk for perforation.

Another, less well documented, method is cryotherapy.

Compressed nitrous oxide is rapidly expanded in the

stomach resulting in a local rapid decrease of the tempera-

ture with a freezing of the gastric mucosa [78,79]. How-

ever, this technique needs further validation.

Some pharmacologic therapies have shown a benefi-

cial effect when endoscopy fails, such as estrogen–

progesterone [80], corticosteroid [81], tranexamic

acid [82], thalidomide [83], octreotide [84], and a sero-

tonin antagonist [85]. Most of them are small series or

anecdotal case reports. In refractory patients, surgical

treatment with antrectomy can be considered [86].

Contrary to the case for PHG, TIPS or shunt surgery

are not effective for GAVE.

Conclusions

Acute variceal bleeding is a major complication of portal

hypertension with highmortality rates and a high risk for

rebleeding. These patients require a proper multidiscipli-

nary approach by experienced clinical emergency care

doctors, intensive care medicine specialists, clinical hep-

atologists, interventional radiologistst, and hepatobiliary

surgeons. The mainstay of therapy is vasoactive therapy

(terlipressin or somatostatin), to be started as early as

possible and endoscopy (EBL for esophageal varices, glue

injection for independent gastric varices) to be performed

Figure 13.8 Gastric antral vascular ectasia (GAVE). Note the

typical watermelon-like pattern.
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as soon as possible and certainly within 12 hours. In

Child B patients with severe active bleeding at endoscopy

or Child C <14 patients, and in patients with therapy

refractory bleeding TIPS is a valuable new strategy.

Balloon tamponade can be a bridging therapy in patients

with uncontrolled bleeding.

PHG is a rare cause of acute bleeding but can be a

source of chronic intestinal blood loss. Therapy is based

upon the use of vasoactivemedication (e.g., somatostatin

or terlipressin) to reduce gastric blood flow. APC of focal

bleeding lesions can be a valuable alternative.

GAVE, not to be confused with PHG, is a cause of

chronic blood loss and iron deficiency anemia. In symp-

tomatic patients, the mainstay of treatment is APC.
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Cirrhosis is the twelfth leading cause of mortality in the

United States, accounting for nearly 32 000 deaths in

2010 [1]. Ascites is the most common complication of

cirrhosis resulting in poor quality of life, high risk of

development of other complications, increasedmorbidity

and mortality associated with surgical interventions, and

poor long-term outcome [2–6]. Cirrhotic patients with

first onset ascites have survival rates of 85% at 1 year and

56% at 5 years without liver transplantation [3].

The practical management of ascites involves a proper

evaluation of the patient with a thorough history and

physical examination. In addition, complete laboratory,

ascitic fluid, radiologic, endoscopic, and, in some cases,

histologic tests should be performed. One of the most

important steps in the initial assessment of patients with

ascites is referral of appropriate candidates for liver

transplantation as this offers a definitive cure of cirrhosis

and its complications.

Taking proper care of patients with ascites can be

challenging because they are prone to complications

such as spontaneous bacterial peritonitis (SBP), hyper-

volemic hyponatremia, hepatic hydrothorax, hepatore-

nal syndrome (HRS) and hepatocellular carcinoma,

bleeding from esophageal or gastric varices, and hepatic

encephalopathy. While the initial management of

uncomplicated ascites with low sodium diet and diuretic

treatment is straightforward in the majority of patients,

there is a group of patients that fails to respond to

diuretics and become a real therapeutic challenge. This

chapter focuses on the practical aspects of the evaluation

and treatment of patients with ascites and cirrhosis.

Pathophysiology of ascites

The major factor contributing to ascites formation is

splanchnic vasodilatation resulting in a decreased effec-

tive arterial blood volume [7]. Increased hepatic resist-

ance to portal flow due to cirrhosis causes a progressive

increase in portal pressure with collateral vein formation

and shunting of blood to the systemic circulation. As

portal hypertension develops, splanchnic arterial vaso-

dilatation occurs due to the enhanced local production of

nitric oxide and other vasodilators including carbon

monoxide and endogenous cannabinoids as a conse-

quence of endothelial stretching and bacterial trans-

location [8–10]. Evidence indicates that bacterial

translocation to mesenteric lymph nodes with increased

production of bacterial products and subsequent stimu-

lation of cytokine synthesis has a major role in the

pathogenesis of arterial vasodilatation and the associated

circulatory abnormalities that occur in cirrhosis [10,11].

In the early stages of cirrhosis, splanchnic arterial vaso-

dilation is moderate and has no major effect on effective

arterial blood volume, which is maintained within nor-

mal limits due to an increase in plasma volume and

cardiac output [7]. In advanced stages, splanchnic arterial

vasodilatation is so intense that effective arterial blood
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volume becomes markedly reduced and arterial pressure

falls. A reduction in cardiac output occurs in the late

stages of cirrhosis and also contributes to the impairment

in effective arterial blood volume [12–14]. As a conse-

quence of the impairment in effective arterial blood

volume, there is homeostatic activation of vaso-

constrictor and antinatriuretic factors to maintain arterial

pressure, resulting in renal sodium and fluid retention.

The combination of portal hypertension and splanchnic

arterial vasodilation alters intestinal capillary pressure

and permeability, which facilitates the accumulation of

the retained fluid in the abdominal cavity. With disease

progression, there is a marked impairment in renal

solute-free water excretion and renal vasoconstriction,

leading to hypervolemic hyponatremia and hepatorenal

syndrome, respectively. The pathophysiologic rationale

for the treatment of patients with cirrhosis and ascites

is described in Figure 14.1.

Patients’ history

Patients with cirrhosis presenting with ascites must

always be questioned about precipitating events such

as excessive salt intake, alcohol consumption, infections,

medications such as nonsteroidal anti-inflammatory

drugs or steroids, and noncompliance with diuretic ther-

apy if they previously had ascites. Worsening liver dis-

ease, portal vein thrombosis, parenchymal renal failure

(i.e., glomerular diseases), and development of hepato-

cellular carcinoma (most often associated with tumor

invasion of the portal vein) may also precipitate the

development of ascites. More commonly, ascites devel-

ops insidiously over the course of weeks.

The main symptoms are an increase in abdominal

girth often accompanied by lower extremity edema [15].

In patients with a large amount of ascites, respiratory

function and physical activity may be impaired. Dysp-

nea may occur as a consequence of increasing abdomi-

nal distention and/or accompanying pleural effusions.

Patients with SBP can present with fever, chills, abdom-

inal pain, encephalopathy, renal failure, and rebound

abdominal tenderness. However, patients with SBP

may be asymptomatic and the diagnosis relies on the

examination of peritoneal fluid.

Other common manifestations of patients with asci-

tes include colicky abdominal pain, anorexia, malaise,

weakness, malnutrition, and/or jaundice. Increased

DIURETICS Increased tubular sodium reabsorption 

CIRRHOSIS 

Reduced effective arterial blood volume 

Portal hypertension

Stimulation of antinatriuretic/vasoconstrictor systems 

Sodium and fluid retention 

ASCITES 

Vasodilator factors (NO,endocannabinoids, CO) 

Abnormal distribution of blood volume 

Splanchnic arterial vasodilatation

Positive sodium balance 

TIPS 

PARACENTESIS 

Figure 14.1 Pathogenesis of ascites formation in cirrhosis and current therapeutic options for ascites and dilutional hyponatremia.

Portal hypertension is the main factor responsible for the development of splanchnic vasodilation and a decrease in effective arterial

blood volume (NO, nitric oxide; CO, carbon moxide). The transjugular intrahepatic portosystemic shunt (TIPS) by reducing portal

pressure is an effective treatment of ascites, particularly in patients with refractory ascites. The compensatory homeostatic response

occurs secondary to a reduced effective arterial blood volume and leads to the activation of antinatriuretic factors (mainly the

angiotensin–aldosterone system) with subsequent sodium retention. The use of diuretics (spironolactone) that promote natriuresis

are the preferred therapy for patients with sodium retention and fluid accumulation. Patients with large-volume ascites should be

treated with therapeutic paracentesis and albumin administration followed by diuretics as tolerated.
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intrabdominal pressure favors the formation of abdom-

inal hernias in patients with cirrhosis and long-standing

ascites [15]. Umbilical hernias increase in size if ascites

is not treated and sometimes cause significant compli-

cations such as strangulation and rupture due to previ-

ous ulcer formation on the surface. Rupture may be

complicated with infection of the ascitic fluid and

delayed wound healing. Inguinal hernias can also be

problematic in patients with ascites. The best treatment

is prevention of ascites because surgical treatment is

usually not recommended in those with advanced cir-

rhosis. Muscle cramps are a common clinical feature in

patients with cirrhosis and ascites. The prevalence of

muscle cramps (>3 episodes per week) in cirrhotic

patients is approximately 50–60% and is related to

the duration of cirrhosis and severity of impairment

in circulatory function and presence of ascites. Muscle

cramps commonly occur in the lower extremities and

can significantly impair the patients’ quality of life.

Painful gynecomastia may occur in patients with cir-

rhosis and ascites. The exact mechanisms are unknown;

however, it is postulated that estrogen excess in cir-

rhotic patients and the estrogenic effects of the spiro-

nolactone are possible causes [15].

Physical examination

Most patients are malnourished and have signs of

muscle wasting and atrophy. Other common findings

are palmar erythema, spider nevi, jaundice, loss of body

hair, white nails (Terry nails), splenomegaly, inguinal

and umbilical hernias, and lower extremity edema [15].

The physical examination is not completely reliable for

detecting fluid in abdominal cavity. Patients must have

approximately 1500mL of fluid to be detected reliably

by examination [16]. The abdomen is distended with

bulging flanks; dullness to percussion in these areas

indicates ascites. When free fluid is present in the

abdominal cavity, it moves to the flanks and the intes-

tines float upward when the patient is supine. The air–

fluid level is higher than that normally found on the

lateral aspect of the abdomen, if the patient is turned on

his/her side the dullness will shift and percussion over

the uppermost part becomes tympanic, because that

area is occupied by intestines as fluid shifts to the other

side. This maneuver is called shifting dullness and is

very sensitive for detecting ascites [16]. Mild or

moderate pleural effusions are also common in patients

with ascites. Large pleural effusions, usually greater

than 500mL, in cirrhotic patients without cardio-

pulmonary disease are uncommon and are known as

hepatic hydrothorax. The current quantitative classifi-

cation of ascites divides patients into three groups. In

grade 1 ascites, fluid is detected only by ultrasound, in

grade 2, ascites is moderate with symmetrical distention

of the abdomen, and in grade 3, ascites is large or tense

with marked abdominal distention [17,18].

Patient evaluation

The evaluation of patients with ascites should include

standard hematology, electrolyte, renal (serum creati-

nine and blood urea nitrogen, and urinary sodium),

coagulation (prothrombin time, PT, or international nor-

malized ratio, INR), and liver tests (aminotransferases,

bilirubin, albumin, total protein, alkaline phosphatase,

gamma-glutamyl transferase) [17–19]. An abdominal

ultrasonography to rule out hepatocellular carcinoma

and evaluate the patency of the portal venous system

should be performed in all patients. In addition, an upper

gastrointestinal endoscopy to assess the presence and

characteristics of esophageal and gastric varices is recom-

mended. In patients with renal failure (serum creatinine

>1.5mg/dL), urine sediment, and 24-hour urine protein

should be assessed and the kidneys examined by ultra-

sonography. Evaluation of circulatory function should

include measurement of arterial pressure and heart rate.

A diagnostic paracentesis (30mL of fluid) is required in

all patients presenting with their first episode of ascites,

and all patients with any evidence of clinical deteriora-

tion such as fever, abdominal pain, gastrointestinal

bleeding, hepatic encephalopathy, hypotension, or renal

failure. The ascitic fluid in cirrhotics is mostly transparent

and yellow–amber in color. Tests on the ascitic fluid

should include cell count, albumin, total protein and

cultures in blood culture bottles (10mL of fluid injected

at the bedside) [17–20]. The cell count is themost helpful

test in determining bacterial infection. In patients with-

out infection of the ascitic fluid, the ascitic fluid white

blood cell count is <100/mm3 with a predominance of

mononuclear cells (>75%) and a low number of neu-

trophils. An increased number of white blood cells with

predominance of neutrophils indicates peritoneal infec-

tion [18,21]. The diagnosis of SBP is made when the fluid
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sample has>250/mm3 neutrophils and there are no signs

of peritonitis due to perforation or inflammation of intra-

abdominal organs. The difference between serum

albumin concentration and ascites albumin concentra-

tion (serum–ascites albumin gradient) in patients with

cirrhosis and ascites is usually >11 g/L, values <11 g/L

suggest a cause of ascites other than cirrhosis [22]. A low

total protein concentration in ascitic fluid (<15 g/L) is

associated with an increased risk of SBP and in selected

patients may indicate a need for antibiotic prophylaxis

with oral quinolones to reduce the risk of SBP and HRS.

Finally, cultures of ascitic fluid of patients with ascitic

fluid infection in blood culture bottles increase the prob-

ability of isolating an organism to approximately 50% of

cases if the fluid is inoculated into the bottles at the

bedside [21,23].

Management of patients with
ascites

General measures

A low sodium diet of approximately 80–120mmol/day

(i.e., no added salt and no preprocessed meals) facili-

tates the elimination of ascites and delays the reaccu-

mulation of fluid [18]. However, a reduction in sodium

intake alone only achieves a negative sodium balance

and complete elimination of ascites in only 10% of

patients unless diuretics are given. Fluid restriction is

not necessary unless patients have hypervolemic hypo-

natremia (defined as serum sodium <130mEq/L

together with ascites and/or edema). An evaluation

by a nutritionist is of utmost importance for appropriate

education regarding an appropriate caloric and salt

intake. Improvement of the nutritional status is essen-

tial because patients with advanced liver disease have

decreased intake and absorption of nutrients, increased

energy expenditure, and altered fuel metabolism with

an accelerated starvation metabolism [24,25]. Nutri-

tional therapy in cirrhotic patients can improve nutri-

tional status, reduce infection rates, and decrease

perioperative morbidity [24]. The goal is for nutritional

supplementation to correct the underlying protein

energy malnutrition. In advanced cases of malnutrition,

supplemental enteral nutrition in cirrhotic patients with

ascites may improve liver function and hepatic ence-

phalopathy [24–27].

Specific measures

Patients with grade 1 ascites do not require any specific

treatment but they should be cautioned about avoiding

foods with large amounts of salt. Patients with grade 2

ascites are usually treated with sodium restriction and

diuretics. Patients with grade 3 ascites are managed

with large-volume paracentesis along with diuretics.

Patients with refractory ascites do not respond to high

doses of diuretics or develop side effects that preclude

their use. The discussion of the management of ascites

may therefore be divided in three parts: moderate-

volume ascites (grade 2 ascites), large-volume ascites

(grade 3), and refractory ascites. A summary of recom-

mendations for the management of ascites is included

in Table 14.1.

Moderate-volume ascites

Patients with moderate ascites usually accumulate fluid

slowly, such that they typically do not develop large-

volume ascites unless their sodium intake is very high or

they do not seek medical attention for long periods of

time. Renal solute-free water excretion and glomerular

filtration rates are normal inmost cases; therefore, serum

sodium and creatinine concentration are usually within

Table 14.1 Management practice points in patients with ascites

and cirrhosis.

A Treatment strategy for patients with cirrhosis and moderate-

volume (grade 2) ascites

Start with a low-sodium diet (90mmol/day) and spironolactone

(50–100mg/day) to reach goal of weight loss: 300–500mg/day. If

needed, doses to be increased every 7 days up to 400mg/day

spironolactone. Furosemide can be added at a starting dose of

20–40mg/day and subsequently increased to 160 mg/day if

needed

B Treatment strategy for patients with cirrhosis and large-volume

(grade 3) ascites

Total paracentesis plus intravenous albumin (8 g/L of ascites

removed) followed by a low-sodium diet (90mmol/day) and

diuretics if patient tolerated them beforehand

C Treatment strategy for refractory ascites

Total paracentesis plus intravenous albumin can be performed as

needed. Consider use of TIPS in patients with very frequent

recurrent ascites, very rapid recurrence of ascites, and preserved

liver function (bilirubin <3mg/dL, platelet count >75 000, serum

sodium level >130mEq/L, Child–Pugh score <13, model for end-

stage liver disease (MELD) score <18), aged <70 years, without

hepatic encephalopathy, central or large hepatocellular carcinoma

or cardiopulmonary disease
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normal limits. These patients typically can bemanaged as

outpatients and do not require admission unless they

have other complications of cirrhosis. A negative sodium

balance with loss of ascites is obtained in most cases with

low doses of diuretics. Diuretics eliminate the excess

extracellular fluid presenting as ascites and edema by

increasing renal sodium excretion together with fluid

excretion. The diuretics most frequently used in patients

with cirrhosis and ascites are aldosterone antagonists,

mainly spironolactone and potassium canrenoate, drugs

that selectively antagonize the sodium-retaining effects

of aldosterone in the renal collecting tubules, and loop

diuretics, especially furosemide, that inhibit the Na+-K+
–

2Cl� cotransporter in the loop of Henle. Diuretic therapy

is effective in the elimination of ascites in 80–90% of

patients with ascites, a percentage that increases up to

95% if only patients without renal failure are

considered [18].

Diuretics are indicated for all patients with grade 2

ascites. Patients with their first episode of ascites usually

respond with spironolactone 50–100mg/day [18,19,28–

30]. Patients with recurrent episodes of ascites should

receive the combination of spironolactone 100mg/day

with furosemide 40mg/day. If there is no response,

compliance with diet and medications should be con-

firmed and diuretics may then be increased every 7 days

by doubling doses (1 : 1 ratio) to a maximal dose of

spironolactone (400mg/day) and a maximal dose of

furosemide (160mg/day).

The goal of treatment is to produce an average weight

loss of 500 g/day in patients without peripheral edema

and 800–1000 g/day in those with peripheral edema

until ascites has decreased markedly and afterwards

diuretic dosage can be reduced. This is in order to avoid

overdiuresis and side effects. In patients who do not

respond, compliance with low sodium diet and diuretics

should always be assessed. In these cases, measurement

of urine sodium, which provides an accurate assessment

of the response to diuretics, may help in deciding

whether there is a need to increase dosage.

Diuretics should be used judiciously in patients with

cirrhosis as they can precipitate disturbances in fluid and

electrolyte balance including hyponatremia, dehydra-

tion, renal impairment, hyperkalemia, or hypokalemia.

Patients should be closely followed and serum and urine

eletrolytes need to be measured within the first 2 weeks

after starting or modifying dosage. Diuretics should be

stopped or their dosage reduced if any of the

abovementioned effects appear. Moreover, patients

should be instructed to monitor their weight and reduce

the diuretic dosage and seek medical advice if there is an

excessive decrease in body weight. An excessive weight

loss over several days may be associated with dehydra-

tion and renal failure. Hepatic encephalopathy may

occur, particularly in those patients with advanced liver

disease. Whether diuretics are responsible for episodes of

hepatic encephalopathy in a particular patient is very

difficult to establish. So, as a rule of thumb, if there is a

chronologic relationship between the use diuretics and

an episode of hepatic encephalopathy in at least two

distinct time points, then diuretics should be considered

the trigger of encephalopathy and treatment discontin-

ued. Spironolactone may cause tender gynecomastia in

some patients and in most instances the dosage needs to

be reduced or the medication needs to be stopped.

Alternative treatments to spironolactone in those

patients who require discontinuation are amiloride

and eplerenone [31,32]. However, both drugs have

less natriuretic potency than that of spironolactone

and their use may be associated with recurrence of

ascites [31,32]. Tamoxifen (20mg orally, two times

daily) may be useful in reducing pain in some cases;

however, information is very limited [33]. Muscle

cramps, which also may appear with diuretic therapy,

may require a reduction in diuretic dosage. Isolated

reports indicate that quinidine (quinidine sulfate

400mg/day) [34,35] and intravenous albumin adminis-

tration (25 g/week) [36] reduce the frequency and inten-

sity of muscle cramps in cirrhotic patients with ascites

treated with diuretics. An algorithm explaining the treat-

ment of grade 2 ascites is depicted in Figure 14.2.

Large-volume ascites

Patients with large-volume ascites can be treated as

outpatients unless they have associated complications.

The majority of these patients have intense sodium

retention (urine sodium frequently <10mEq/L), so

that ascites accumulates rapidly even under sodium

restriction. Serum creatinine levels are normal or only

moderately increased indicating normal or moderately

reduced glomerular filtration rate. Patients should be

treated with large-volume paracentesis followed by diu-

retics. Complete removal of ascites with one session of

large-volume paracentesis with intravenous albumin (8 g

per liter tapped) is a faster and more effective measure in

controlling tense ascites and associated with a lower
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number of complications than conventional diuretic

therapy [37–39]. Current guidelines establish paracent-

esis followed by diuretics as the method of choice to treat

large-volume ascites [17,18]. Large-volume paracentesis

without plasma expanders is associated with a derange-

ment in circulatory function characterized by reduction

of effective arterial blood volume with subsequent acti-

vation of vasoconstrictor and antinatriuretic fac-

tors [39,40]. Circulatory dysfunction after large-

volume paracentesis is associated with a high ascites

recurrence rate, development of renal failure and/or

hyponatremia in 20% of cases, and shortened sur-

vival [39–41]. This disorder can be effectively prevented

with the administration of plasma expanders [37–44].

When less than 5 L of ascites is removed, artificial plasma

expanders, saline, and albumin are equally effec-

tive [41,43]. However, if more than 5 L is removed,

albumin is recommended [37–44]. As ascites will

invariably recur after paracentesis, patients need to be

started or continued on diuretics in order to prevent a

positive sodium balance and recurrence of ascites [45].

Although the use of albumin after paracentesis is con-

troversial due to the lack of data proving a survival

benefit and high cost in some countries, a recent

meta-analysis of 17 trials with a total of 1225 patients

showed that albumin reduced morbidity and mortality

among patients with tense ascites undergoing large-

volume paracentesis, as compared with alternative

treatments [44]. Therefore, the protective effect of albu-

min on the circulatory system compared with other

expanders favors its use in this setting. An algorithm

explaining the treatment of grade 3 ascites in depicted in

Figure 14.3.

Complications related to paracentesis, such as bleed-

ing, infection, or intestinal perforation, are exceedingly

rare if paracentesis is performed under sterile conditions

and with an appropriate technique and needle. The

recommended location for performing paracentesis is

the left lower quadrant, two finger breadths cephalad

and two finger breadths medial to the anterior superior

iliac spine. In this area, the skin is thin and there is a

larger pool of fluid than the midline [20,46]. The risk of

bleeding in cirrhotic patients when performing a para-

centesis is extremely low; the frequency of severe hem-

orrhage after a tap is approximately 0.20% and a lethal

outcome occurs is less than 0.01% of cases [47]. In some

cases, severe hemorrhage due to a paracentesis may

occur due to trauma of the inferior hypogastric artery.

Thus, when performing paracentesis, the area of the

inferior hypogastric arteries (midway between the pubis

and anterior superior iliac spines) should be avoided.

Most clinical trials in patients with cirrhosis and ascites

have excluded patients with an elevated PT greater than

21 seconds or INR greater than 1.6 or platelet count

below 50 000/μL. Therefore, the risk of bleeding compli-

cations in patients with more severe coagulopathy is

Low sodium diet 

Diuretics* 

Spironolactone Spironolactone + 

Furosemide 

Patients with first episode Patients with recurrent 

episodes and/or edema 

Continue low sodium diet 

Reduce diuretic therapy as needed 

Initial

management

Goal Weight loss : 0.5 kg/day  Weight loss : 1 kg/day  

Maintenance

therapy

Grade 2 Ascites

Figure 14.2 Treatment strategy for patients with cirrhosis and grade 2 ascites. *Recommended diuretics are described in Table 14.1.
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unknown and deserves investigation. Nonetheless, con-

sensus meetings, guidelines, and expert opinion consider

that the abnormal coagulation profile of the cirrhotic

patient (mild prolonged PT and low platelets with a value

>50 000/μL) is not an absolute contraindication for

paracentesis and the routine administration of platelets

or fresh frozen plasma as prophylaxis for bleeding is not

recommended [48]. In patients with severe throm-

bocytopenia with a platelet count <30 000/μL, transfu-

sion of platelets should be considered prior to the

procedure [48]. Patients with suspected disseminated

intravascular coagulopathy should not undergo a

paracentesis.

Refractory ascites

This condition occurs in nearly 10% of patients with

cirrhosis and ascites [49,50]. The difference from non-

refractory ascites patients is that in the latter patients,

sodium excretion may be increased with the use of

diuretics, whereas in patients with refractory ascites,

sodium excretion cannot be increased with diuretics

either because patients do not respond to high doses

of diuretics (spironolactone 400mg/day plus furosemide

160mg/day) or they develop side effects with lower

doses that preclude their use (Table 14.2). In general,

these patients have features of advanced liver disease, a

high recurrence rate of ascites after large-volume para-

centesis, an increased risk of HRS, and a poor prognosis.

Patients can be treatedwith either repeated large-volume

Grade 3 Ascites

LARGE-VOLUME  
PARACENTESIS 

< 5 liters > 5 liters 

Synthetic plasma expanders 

(8 g/L of ascites tapped) 
Albumin 

(8 g/L of ascites tapped) 

Low sodium diet (80–120 mmol/day)
Diuretic therapy 

Initial

management

Maintenance 

therapy 

Figure 14.3 Treatment strategy for patients with cirrhosis and grade 3 ascites.

Table 14.2 Definition and diagnostic criteria for refractory ascites

in cirrhosis.

Diuretic-resistant ascites: ascites that cannot be mobilized or the early

recurrence of which cannot be prevented because of a lack of

response to sodium restriction and diuretic treatment

Diuretic-intractable ascites: ascites that cannot be mobilized or the

early recurrence of which cannot be prevented because of the

development of diuretic-induced complications that preclude the use

of an effective diuretic dosage

Requisites:

1 Treatment duration: patients must be on intensive diuretic therapy

(spironolactone 400mg/day and furosemide 160mg/day) for at

least 1 week and on a salt-restricted diet of less than 90mmol/day

2 Lack of response: mean weight loss of <0.8 kg over 4 days and

urinary sodium output less than the sodium intake

3 Early ascites recurrence: reappearance of grade 2 or 3 ascites

within 4 weeks of initial mobilization

4 Diuretic-induced complications: diuretic-induced hepatic

encephalopathy is the development of encephalopathy in the

absence of any other precipitating factor. Diuretic-induced renal

impairment is an increase of serum creatinine by >100% to a

value >2mg/dL in patients with ascites responding to treatment.

Diuretic-induced hyponatremia is defined as a decrease of serum

sodium by >10mEq/L to a serum sodium of <125mEq/L. Diuretic

induced hypo- or hyperkalemia is defined as a change in serum

potassium to <3 or >6mEq/L despite appropriate measures

Adapted fromMoore et al., 2003 [17]. Reproduced with permission of

John Wiley & Sons.
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paracentesis with plasma expansion or transjugular

intrahepatic portosystemic shunts (TIPS). Repeated

large-volume paracentesis plus albumin is the recom-

mended initial therapy for refractory ascites [18].

Patients generally require paracentesis every 2–4 weeks,

which can be done in the outpatient setting. This

approach is therefore easy to perform and relatively

inexpensive. The main drawback is early recurrence of

ascites because paracentesis does not modify the mecha-

nisms responsible for ascites formation.

In contrast to paracentesis, TIPS, a nonsurgical

method of portal decompression that consists of the

insertion of an intrahepatic stent between one hepatic

vein and the portal vein using a transjugular approach,

is effective in preventing ascites recurrence because by

reducing portal pressure ascites disappears in most

patients [51–56]. Uncovered TIPS are very effective

in relieving ascites, but frequently complicated by ste-

nosis of the prosthesis (18–78%) [51–56]. Polytetra-

fluoroethylene-covered prostheses seem to improve

TIPS patency and decrease the number of clinical relap-

ses and reinterventions without increasing the risk of

encephalopathy [57,58]. Randomized clinical trials

comparing uncovered TIPS with repeated paracentesis

demonstrate that TIPS controls ascites effectively and

is associated with a lower rate of ascites recurrence

[51–55]. Hepatic encephalopathy may occur in approx-

imately 30–50% of patients. Two studies showed a

survival benefit with TIPS [52,55], but two other studies

demonstrated no difference in survival [53,54]. Three

meta-analyses of these randomized controlled studies

conclude that TIPS is better at controlling ascites but

does not improve survival compared with paracente-

sis [59–61]. Another meta-analysis that reviewed indi-

vidual patient data of three trials [52,54,55] indicates

that TIPS significantly improves transplant-free survival

of cirrhotic patients with refractory ascites [62].

Although meta-analysis using individual data is in the-

ory a more reliable tool than standard meta-analysis, it

cannot overcome deficiencies of individual studies, such

as inclusion of patients who did not all have refractory

ascites in two of the studies, use of large-volume para-

centesis without albumin in one study, and use of TIPS

as rescue therapy in a large proportion of patients

treated with large-volume paracentesis in another

study. Thus, given these results and the higher fre-

quency of hepatic encephalopathy as well as the higher

cost of TIPS than large-volume paracentesis plus

albumin, in the context of a lack of survival benefit,

this leaves TIPS as a second line strategy in the man-

agement of refractory ascites. TIPS placement certainly

should be considered an option for patients with locu-

lated ascites, those with very rapid recurrence of ascites

and preserved liver function (bilirubin <3mg/dL, plate-

let count >75 000, serum sodium level >130meq/L,

Child–Pugh score <13, model for end-stage liver disease

(MELD) score <18), aged <70 years, without hepatic

encephalopathy, central or large hepatocellular carci-

noma or cardiopulmonary disease [18,50,56,63,64]. An

algorithm explaining the treatment of refractory ascites

is depicted in Figure 14.4.

Evaluation for liver transplantation

Patients with cirrhosis developing their first episode of

ascites have a relatively good mid-term prognosis (prob-

ability of survival of 85% at 1 year) [3]. This prognosis is

somewhat similar to the outcome of liver transplant

recipients (probability of survival of 87% at 1 year)

(www.unos.org). Several factors associated with poor

prognosis have been described in patients with cirrhosis

and ascites. These factors, which are usually not present

at the time of development of the first episode of ascites,

may occur later in the course of the disease. These

include low serum sodium concentration, low arterial

pressure, high serum creatinine, intense sodium reten-

tion (urine sodium <10mEq/day), and high Child–Pugh

scores [65,66]. Thus, patients with cirrhosis and the first

episode of ascites without associated poor prognostic

factors may not necessarily benefit from liver transplan-

tation, particularly if they have a MELD score <15 (A.

Cárdenas, P. Ginès, unpublished data). Nevertheless,

whenever some of the abovementioned factors are pres-

ent, patients should be promptly referred for evaluation

for liver transplantation [67].

Other therapies

New treatments for ascites are being evaluated based on

two approaches. The first stems from what is known

regarding the underlying pathophysiologic abnormalities

that cause sodium and water retention. In this approach

the use of new agents (V2 vasopressin receptor antago-

nists, known as vaptans) that act on the kidney and

promote solute-free water diuresis can be combined

with diuretics in order to improve mobilization of ascites

and edema. Animal and human studies suggest that

these drugs, apart from causing solute-free water
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excretion, enhance sodium excretion [68,69]. The sec-

ond approach relates to the use of vasoconstrictor drugs

that are able to improve the underlying hemodynamic

derangements that lead to ascites formation in cirrhosis,

thereby reducing the activity of antinatriuretic factors.

These drugs may theoretically improve the action of

diuretics in order to maximize ascites mobilization.

The use of specific antagonists of the vasopressin

receptor (V2 receptor antagonists) on the distal tubule

of the kidney by means of counteracting AVP and

increasing the excretion of solute-free water has

been evaluated for the management of ascites in cir-

rhosis. These drugs are not yet approved for patients

with cirrhosis and ascites; however, an intravenous

V1–V2 receptor antagonist (conivaptan) and a V2

receptor antagonist (tolvaptan) are approved by the

Food and Drug Administration and the European Med-

ication Agency for the treatment of hypervolemic and

euvolemic hyponatremia. Other V2 receptor antago-

nists such as satavaptan have been evaluated for the

treatment of ascites in association with diuretics with

the rationale that by increasing diuresis the vaptan

would help manage ascites and prevent its recurrence.

Although results of phase 2 studies were promis-

ing [70], phase 3 long-term treatment studies in three

different populations of patients with cirrhosis and

ascites demonstrated a lack of efficacy in both ascites

management and prevention of its recurrence [71].

Furthermore, use of satavaptan was associated with

an increased mortality and the drug was withdrawn

from development. The reason for this increased mor-

tality could not be elucidated. A small study in 18

patients with cirrhosis and ascites without hyponatre-

mia showed that the administration of tolvaptan dose-

dependently decreased body weight and improved asci-

tes and edema; however, the results of this observation

need to be further studied in large cohorts of patients

before considering this agent a treatment for patients

with ascites [72].

Other potential therapies for patients with ascites

stem from data on the use of vasoconstrictors (mido-

drine and terlipressin) with plasma expansion in

patients with cirrhosis and HRS. These agents improve

renal function, urinary sodium excretion, and serum

sodium levels and decrease the levels of vasoctive/

antinatriuretic systems in patients with advanced cir-

rhosis and HRS. Therefore, the use of an oral vaso-

constrictor is an attractive approach in the treatment of

patients with ascites without HRS who do not respond

to diuretics.

In a study of 39 patients with cirrhosis, oral midodrine

(an α1-adrenergic agonist) 10mg, three times daily, was

given to 11 patients without ascites and 12 with ascites

and compared with placebo in eight patients without

Refractory ascites

Low sodium diet 

Large-volume paracentesis plus albumin

(8 g/L of ascites removed) 
Initial

management

Ongoing large-volume paracentesis

with albumin as needed 
Alternative therapy when:  

Very frequent recurrence 

Loculated ascites 

Preserved liver function 

Continue large-volume 

paracentesis 
Consider TIPS* 

Maintenance 
therapy 

Recommended therapy  

Figure 14.4 Treatment strategy for patients with refractory ascites. Consider TIPS for those with very rapid recurrence of ascites and

preserved liver function (bilirubin <3mg/dL, platelet count >75000, serum sodium level >130meq/L, Child–Pugh score <13, model

for end-stage liver disease (MELD) score <18), aged <70, without hepatic encephalopathy, central hepatocellular carcinoma, or

cardiopulmonary disease.
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ascites and eight patients with ascites for 7 days [73]. In

the midodrine group there was a moderate increase in

urine sodium excretion in patients with ascites (urinary

sodium from 30± 15 to 49± 16meq/L) as well as glo-

merular filtration rate (from 80± 23 to 92± 27mL/min)

and urine volume (from 0.98± 0.26 to 1.15± 0.34 L) and

significant decreases in plasma renin activity and aldos-

terone. Nonetheless, in this study neither body weight

nor abdominal girth as measures of an effect on ascites

were recorded.

A more recent study also demonstrated that oral

midodrine (7.5mg every 8 hours) plus standard medi-

cal therapy (sodium restriction plus diuretics) was sig-

nificantly superior to standard medical therapy alone in

the control of ascites (P= 0.013) at 3 months [74]. The

mortality rate in the standard medical therapy group

was significantly higher than the midodrine group

(P <0.046). There was no significant difference in the

frequency of complications at the end of follow-up.

Clonidine, a centrally acting α2-agonist and sympatho-

litic agent, was evaluated as an adjunct treatment in

patients with cirrhosis and ascites. In a randomized

study, oral clonidine (0.075mg, two times daily) led

to a more rapid mobilization of ascites with fewer

complications than placebo in patients with cirrhosis,

ascites, and a plasma norepinephrine level of >300 pg/

mL [75]. This medication was also evaluated in a

randomized study of clonidine plus diuretics versus

diuretics alone which showed that the highest efficacy

was obtained in patients who had high serum levels of

norepinephine and the presence of two specific genetic

polymorphisms that predicted clonidine response in

cirrhotic patients [76]. Although the results are inter-

esting, the study was not a double-blind placebo-con-

trolled trial, the medication was administered for only 3

months, and in practice genetic polymorphisms cannot

be easily performed to ensure adequate response. More

studies from other centers confirming the efficacy and

safety of clonidine need to be carried out before con-

sidering this drug a therapeutic agent for patients with

refractory ascites.

Intravenous terlipressin has also been evaluated as a

potential therapy for patients with nonrefractory and

refractory ascites. There is very limited information;

however, available data indicate that it improves glomer-

ular filtration rate and natriuresis in both types of ascites,

but a clinical effect on weight or abdominal girth was not

recorded [77]. The use of these drugs in cirrhosis and

ascites is limited to a small number of reports; therefore,

more controlled studies are needed to evaluate their

efficacy and safety in treating patients with ascites.
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General considerations

In cirrhosis, bacterial infection is defined as a pathologic

process caused by invasion of normally sterile tissue,

fluid, or cavity by pathogenic or potentially pathogenic

bacteria. Bacterial infection is present at admission or

develops during hospitalization in about 30% of patients

with cirrhosis [1].

Infections may be classified as follow:

1 Community-acquired if the diagnosis is made at the

admission or during the first 48 hours after

hospitalization;

2 Healthcare-associated in the same conditions but with

a history of previous contact with a healthcare envi-

ronment (hospitalization or short-term admission for

at least 2 days in the previous 90–180 days, residence

in a nursing home or a long-term care facility, or

chronic hemodialysis); and

3 Nosocomial infection if the diagnosis is made after 48

hours of hospitalization (Table 15.1) [2].

Approximatively one-third of bacterial infections are

community-acquired, one-third healthcare-associated,

and one-third nosocomial. Spontaneous bacterial perito-

nitis (SPB) and urinary tract infections (UTI) are themost

frequent infections observed, followed by pneumonia,

skin and soft tissue infections (SSTI), spontaneous bac-

teremia and catheter-related infections [3]. Clinical risk

factors associated with occurrence of bacterial infections

in cirrhosis are high Child–Pugh score, variceal bleeding,

low ascitic protein levels, and prior episode of SBP [4–7].

Infection induces a systemic inflammatory host

response with three stages of severity: sepsis, severe

sepsis (when an acute organ failure occurs), and septic

shock (when hypotension does not respond to adequate

fluid resuscitation). Patients with cirrhosis have

increased risk to develop bacterial infection, sepsis, sep-

sis-induced organ failure, and death [8]. A recent pro-

spective European study defined the acute-on-chronic

liver failure syndrome characterized by organ failures

(defined by an adapted Sequential Organ Failure Assess-

ment (SOFA) score, the Chronic Liver Failure (CLIF)-

SOFA score; Table 15.2), requirement of intensive care

management and high 28-day mortality (between 23%

and 74%) [9]. The mortality of infected patients with

cirrhosis reaches 38% [10]. Cirrhotic patients are two

times more likely to die from sepsis than individuals

without cirrhosis [11]. In-hospital mortality of cirrhotic

patients with severe sepsis without shock or with septic

shock is 41% and 71%, respectively [12].

The diagnostic approach

The early diagnosis of bacterial infections and the prompt

initiation of adequate antibiotherapy are critical in the

management of cirrhotic patients. The diagnosis of bacte-

rial infection incirrhosis is verydifficult for several reasons.

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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First, in the early phase of infection, cirrhotic patients

may be totally asymptomatic. Second, the classic param-

eters assessing the inflammatory host response to infec-

tion (systemic inflammatory response syndrome (SIRS))

are not specific for the diagnosis of infection in cirrhosis.

SIRS is defined as the presence of at least two of four

clinical criteria: body temperature �38 °C or �36 °C, heart

rate �90 beats/min, respiratory rate �20 breaths/min or

hyperventilation with a PaCO2 �32mmHg, white blood

cell count �12000/mm3, �4000/mm3, or with >10%

immature neutrophils [13]. Decompensated cirrhosis

may be associated with some degree of encephalopathy-

related tachypnea, tachycardia, or hypersplenism-related

leukopenia. SIRS has a low sensitivity for the diagnosis of

infection (57–70% of infected patients with decompen-

sated cirrhosis) and is not specific (10–30% of patients

without infection) [14,15]. On the other hand, the pres-

ence of SIRS in decompensated cirrhotic patients is a

marker of poor prognosis. Thus, SIRS is associated with

higher in-hospital mortality (31% vs. 4%). Moreover,

common early markers of infection used in the general

population, such as C-reactive protein (CRP) and procal-

citonin, are not sufficient to distinguish infected cirrhotic

patients. Indeed, CRP >2 mg/dL has only a sensitivity of

78% and specificity of 68% and procalcitonin >3ng/mL

has a sensitivity and specificity of 73%. This poor diagnos-

tic accuracy could be explained by the decreased produc-

tion of acute-phase proteins by the liver, especially CRP.

Particularly, low CRP values should be interpreted with

caution inpatientswith severe liver insufficiency.Infection

should be suspected in any decompensated cirrhotic

patient, when a hospitalized patient deteriorates (worsen-

ing of liver function, hepatic encephalopathy, shock, renal

failure, or gastrointestinal bleeding), or when there are

Table 15.1 Types of bacterial infection.

Type Definition

Community-

acquired infection

Diagnosis at the admission or during the first

48 hours after hospitalization

Nosocomial

infection

Diagnosis after 48 hours of hospitalization

Healthcare

associated infection

Diagnosis at the admission or during the first

48 hours after hospitalization with an history

of previous contact with a healthcare

environment (hospitalization or short-term

admission for at least 2 days in the previous

90 (�180) days, residence in a nursing home

or a long-term care facility, or chronic

hemodialysis)

Table 15.2 Definition of organ failures in patients with cirrhosis (in gray). Organ/systems whose functions are assessed by the Chronic

Liver Failure (CLIF) Sequential Assessment of Organ Failure (SOFA) score.

Organ/system 0 1 2 3 4

Lungs

(PaO2/FiO2)

or SpO2/FiO2

>400

>512

�400

>357–�512

�300

>214–�357

�200

>89–�214

�100

�89

Coagulation

INR <1.1 1.1–1.25 1.26–1.5 1.51–2.5 >2.5

or platelets �20× 103/μL

Liver

Bilirubin, mg/dL <1.2 1.2–1.9 2–5.9 6–11.9 >12

Circulation

MAP (mmHg) �70 <70 Dopamine �5 or

dobutamine or

terlipressin

Dopamine >5,

epinephrine �0.1, or

norepinephrine �0.1

Dopamine >15,

epinephrine >0.1, or

norepinephrine >0.1

Cerebral

HE grade No HE 1 2 3 4

Kidney

Creatinine (mg/dL) <1.2 1.2–1.9 2–3.4 3.5–4.9 �5

Adrenergic agents were administred for at least 1 hour (doses are expressed as μg/kg per minute).

FiO2 denotes fraction of inspired oxygen.

HE, hepatic encephalopathy; MAP, mean arterial pressure.
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signs of systemic inflammation (hyper- or hypothermia,

chills, alteredblood cell count, tachycardia, and/or tachyp-

nea). Therefore, a complete check-up, including uri-

nary sediment and culture, diagnostic paracentesis and

ascitic fluid culture, blood culture, and chest X-ray,

must be made in order not to delay diagnosis and

the administration of empiric antibiotics (for the thera-

peutic strategy see Figure 15.1). The choice of empiric

antibiotics based on the site is proposed in Table 15.3.

When the bacteria has been identified, we must poten-

tially shift to a more specific antibiotic to avoid the

occurrence of antibiotic resistance.

• Decompensation of cirrhosis (encephalopathy, new or increased ascites,

   variceal hemorrhage, new onset of jaundice)

Occurrence of a new organ failure (acute-on-chronic liver failure)•

Any sign of systemic inflammation (hyper-or hypothermia, chills, altered

blood cell count, recent increase of CRP, tachycardia, and/or tachypnea) 

•

Suspicion of bacterial infection

Systematic screening

Blood cultures

Urinalysis and urine culture

Chest radiograph

Physical exam for skin infection

Diagnostic paracentesis

Ascitic neutrophil count ≥ 250/mm3

Polymicrobial

or≥2 of the following findings: 

LDHLDH > serumAscitic•

A

Positive

• Ascitic glucose < 50 mg/dL

• Ascitic protein >1 g/dL

Suspicion of secondary peritonitis Suspicion of SBP 

Antibiotics (Table 15.3)

+

IV albumin (?) oNseY

Confirmation by abdominal CT

Broad spectrum antibiotics

+

Prompt surgery

Antibiotics (Table 15.3)

+

IV albumin 1.5 g/kg day 0

and 1g/kg day 3

At day 2, second paracentesis

Reduction of ascitic neutrophil

count > 25% 

Shift to broader antibiotics

(Table 15.3)

Maintain antibiotic for

5–7 days 

No Yes

Figure 15.1 Therapeutic strategy for suspected bacterial infection. CRP, C-reactive protein; CT, computed tomography; LDH, lactic

dehydrogenase; SBP, spontaneous bacterial peritonitis.
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Spontaneous bacterial peritonitis

SBP is defined as an ascitic fluid infection without an

evident abdominal source. It is the most frequent infec-

tion in cirrhotic patients (20–25%of all infections) [3]. In

outpatients without symptoms the prevalence is low

(<3%) [16,17] but it increases to 8–36% in hospitalized

patients. The mortality for the first episode ranges from

10% to 25% [18]. Importantly, the 1-year mortality rate

after the first SBP episode is reported to be at least 30%,

suggesting that the deterioration of liver function

accelerates [19].

Diagnosis

Patients with SBP may have one of the following: local

symptoms and/or signs of peritonitis (abdominal pain,

abdominal tenderness, Blumberg sign, vomiting, diarrhea,

ileus). SBP may be asymptomatic, particularly in outpa-

tients. The diagnosis of SBP is based on ascitic neutrophil

count �250/mm3 [20]. Ascitic fluid neutrophil count is

obtained by centrifugation of the ascitic fluid and then

stained with Giemsa and differential cell counts are made

with an optical microscope. For faster and cheaper results,

reagent strips have been assessed, but a high rate of false

negative results (around 50%) prevents their use [21].

Ascitic fluid lactoferrin measurement seems to be an

alternative to asciticfluidneutrophil count in thediagnosis

of SBP. Indeed, a cutoff value of 242ng/mL had a sensi-

tivity and specificity in the diagnosis of SBP of 95% and

97%, respectively, inone study [22]. These resultsmust be

replicated before themethod can be recommended for use

in clinical practice. Pleural ascites could be also a site of

infection. This infection is then called spontaneous bacte-

rial empyema (SBE) and the diagnostic criteria are the

same as in SBP.

Microbiology

Ascitic fluid cultures (10mL into aerobic and anaerobic

blood cultures), direct ascitic microscopic examination

(rapid assessment for polymicrobial infection in the case

Table 15.3 Empiric antibiotic therapy for common bacterial infections in cirrhosis.

Sites Types Antibiotics

SBP, SBE, and

spontaneous

bacteremia

Community-acquired Cefotaxime (2 g/6 h or 2 g/12 h IV)

Ceftriaxone (1 g/24 h IV)

Amoxicillin/clavulanic acid (1–0.2 g/8 h then 0.5–0.125 g/8 h PO)

Nosocomial Piperacillin/tazobactam (4 g/6 h IV)

Meropenem (1 g/8 h IV)a

UTI Community-acquired Ciprofloxacin (500mg/12 h PO) or cotrimoxazole (160–800mg/12 h PO) if

uncomplicated UTI

Cefotaxime (2 g/6 h or 2 g/12 h IV) or Amoxicillin/clavulanic acid (1–0.2 g/8 h IV) if sepsis

Nosocomial Nitrofurantoin (50mg/6 h PO) if uncomplicated UTI

Piperacillin/tazobactam (4 g/6 h IV) or Meropenem (1 g/8 h IV)a if sepsis

Pneumoniab Community-acquired Amoxicillin/clavulanic acid (1–0.2 g/8 h IV) or ceftriaxone (1 g/24 h IV) and macrolide or

levofloxacin (500mg/24 h PO)

Or moxifloxacin (400 mg/24 h PO)

Nosocomial Piperacillin/tazobactam (4 g/6 h IV) or Meropenem (1 g/8 h IV)a+ vancomycine (15mg/kg/

12 h IV) or teicoplanin (first dose 18mg/kg followed by 6mg/kg/24 h IV) in patients with

risk factors for MRSA

SSTI Community-acquired/

nosocomial

Amoxicillin/clavulanic acid (1–0.2 g/8 h IV) or Ceftazidim (2 g/8 h IV) in patients with risk

factors of Pseudomonas spp. or meropenem (1 g/8 h IV)a

+ Oxacillin (2 g/6 h IV); or vancomycine (15mg/kg/12 h IV) or teicoplanin (first dose 18mg/

kg followed by 6mg/kg/24 h IV) in patients with risk factors for MRSA

a In nosocomial infections in geographic areas with high prevalence of ESBL-producing bacteria.
b Liver disease is considered as severe comorbidity for community-acquired pneumonia in guidelines.

ESBL, extended-spectrum β-lactamase; MRSA, methycillin-resistant Staphylococcus aureus; SBE, spontaneous bacterial empyema; SBP, spontaneous

bacterial peritonitis; SSTI, skin and soft tissue infections; UTI, urinary tract infection.
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of secondary peritonitis), and blood cultures (50%of SBP

are associated with bacteremia) should also be obtained

when SBP is suspected. The ascitic fluid culture is positive

in 40% of cases. The most common pathogens are Gram-

negative bacteria (GNB) (mainly Escherichia coli, Klebsiella

pneumoniae, Enterobacter spp.) and Gram-positive cocci

(GPC) (mainly Streptococcus spp. and Enterococci). In Spain,

20%of GNB are resistant to quinolones and 70%of these

are also resistant to trimethoprim-sulfamethoxazole [1].

Long-term norfloxacin administration (see prevention

section) increases the rate of quinolone resistance to 60%

and the proportion of GPC. The rate of cephalosporin-

resistant GNB is low in community-acquired SBP regard-

less of long-term norfloxacin prophylaxis. On the other

hand, in Spain, extended-spectrum β-lactamase (ESBL)-

producing Enterobacteriacae are isolated in 30% of noso-

comial SBP and methicillin-resistant Staphylococcus aureus

in 10% of healthcare-associated SBP [3].

Some patients have bacterascites in which cultures

are positive but there is an ascitic neutrophil count of

<250/mm3. When this bacterascites is monomicrobial,

it usually represents the colonization phase of ascitic

fluid infection. It may progress to SBP or, in the major-

ity of cases (62–86%), resolve spontaneously [23,24].

Bacterascites with microorganisms similar to those of

the skin flora are probably due to contaminants. If

symptoms are present, a second paracentesis is

recommended.

Antibiotics

For community-acquired SBP, third-generation cepha-

losporins (cefotaxime, ceftriaxone) are the gold standard

for empirical antibiotic treatment (Table 15.2) [25].

Amoxicillin-clavulanic acid and ciprofloxacin show sim-

ilar results [26,27]. However, quinolones are not yet

recommended in patients receiving long-term norflox-

acin prophylaxis and in geographic areas with a high

prevalence of quinolone-resistant bacteria. For nosoco-

mial and healthcare-associated SBP, there are no clear

recommendations at this time and the choice of empirical

antibiotics depends on the local epidemiologic patterns of

resistance. Where ESBL-producing Enterobacteriaceae are

frequent, carbapenems or tigecycline could be good

choice for the treatment of nosocomial SBP. Another

strategy is a step-by-step protocol consisting of a first line

antibiotic (e.g., piperacillin-tazobactam) followed by an

assessment of response (defined by a reduction in the

ascitic neutrophil count of >25% at day 2 of antibiotic

therapy) and, in the case of nonresponders, to a shift to a

broader antibiotic (e.g., carbapenems).

Special case: secondary peritonitis

Secondary peritonitis is infrequent (5–10% of all

peritonitis) but is associated with a higher mortality

rate (66%) [28]. Secondary peritonitis is suggested

when at least two of the following parameters are

present in ascites: glucose levels <50mg/dL, protein

concentration >10 g/dL, lactic dehydrogenase (LDH)

concentration>normal serum levels, but these crite-

ria only have a sensitivity of 67%. In the case of gut

perforation, ascitic amylase or bilirubin levels could be

high. In the case of secondary peritonitis, the ascitic

culture is frequently positive and polymicrobial.

Abdominal computed tomography (CT) imaging with-

out contrast is diagnostic in 90%. Prompt treatment

with broad-spectrum antibiotics with anti-anaerobic

activity (amoxicillin/clavulanic acid, piperacillin/tazo-

bactam or ceftazidime/metronidazole) and an early

decision for surgery are key in the management of

secondary peritonitis.

Other infections

Pneumonia

Deterioration of consciousness secondary to hepatic

encephalopathy and basal atelectasia due to tense ascites

contributes to the high frequency of lung infections in

cirrhotic patients. When we consider cirrhotic patients

with severe sepsis, lung infections are the most frequent

infectious foci, suggesting that pneumonia is a severe

infection in cirrhosis [29]. Indeed, community-acquired

pneumonia (CAP) in cirrhotic patients is more frequently

associated with septic shock and higher 1-month mor-

tality rates than those in the noncirrhotic population

(14% vs. 7%) [30]. The mortality of cirrhotic patients

with community-acquired pneumococcal pneumonia

requiring hospitalization increases to 34% (sixfold higher

than in the general population) despite adequate anti-

biotic therapy [31]. Acute respiratory distress syndrome

(ARDS) is a more severe form of lung infection defined

by the association of severe hypoxemia, bilateral lung

infiltration, and the absence of signs of left heart failure.

The mortality of ARDS in the general population is 65%

and in cirrhosis is independently associated with mortal-

ity, with a very high odds ratio of 27 [32].
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Diagnosis

In the case of pneumonia, patients may have cough,

pleuritic chest pain, dyspnea, sputum production but

may be asymptomatic. Pulmonary auscultation may

show audible rales or consolidation. A chest radiograph

may show lobar consolidation, interstitial infiltrates, and/

or cavitation. If there is high clinical suspicion of pneu-

monia with a negative chest radiograph, CT scan should

be performed. Pneumococcal and legionella urinary anti-

gen tests should be performed.

Microbiology

Only 28% of CAP are culture positive, with 75% GPC

and 25% GNB [1]. The proportion of GNB and poly-

microbial cultures (GNB+GPC) increases in nosocomial

infections. Isolated microorganisms, in order of fre-

quency, are Streptococcus pneumonia, Staphylococcus aureus,

Pseudomonas aeruginosa, and Escherichia coli. P. aeruginosa

and ESBL producing Enterobacteriacae are isolated in

nosocomial and healthcare-associated pneumonia [3].

Cirrhosis seems also to be a predisposing condition of

atypical infections such as Legionella spp [33].

Antibiotics

The recommendations for the empiric treatment for CAP

do not differ from those of the general population. As

detailed previously, cirrhosis is considered as a major

comorbidity in the case of CAP. Some experts suggest the

combination of antibiotics against typical and atypical

bacteria [34]. The possibilities are a respiratory quinolone

(moxifloxacin, levofloxacin) or the combination of a

β-lactam (amoxicillin-clavulanate or a third generation

cephalosporin) plus a macrolide. For nosocomial and

healthcare-associated pneumonia, the use of empiric

antibiotics should follow local guidelines.

Urinary tract infection

UTIs are frequent in cirrhotic patients and, as in the

general population, more frequent in women and in

those with a urinary catheter. UTIs are frequently asymp-

tomatic in cirrhotic patients. The in-hospital mortality

rate of UTIs is around 10% which increases to 18% in

those with multiresistant bacteria [3].

Diagnosis

UTI may be asymptomatic in cirrhotic patients or associ-

ated with dysuria, frequency, urgency, or suprapubic

pain. Patients with pyelonephritis frequently describe

flank pain. If UTI is suspected, urinalysis and urine

culture must be performed. The diagnosis is based on

�10 urinary leukocytes/mm3 or positive urinary leuko-

cyte esterase. If cirrhotic patients have persistent symp-

toms of uncomplicated UTI after 48 hours of appropriate

antibiotic therapy or symptoms of pyelonephritis, renal

ultrasound or abdominal CT should be performed to

detect stones, papillary necrosis, obstruction, and/or

abscess.

Microbiology

In cirrhotic patients, 80% of UTIs are culture-positive

with the large majority being GNB (76%) in community-

acquired UTIs. The proportion of GPC increases in noso-

comial infections. Escherichia coli is the most frequently

isolated microorganism followed by Enterococcus faecalis,

Klebsiella pneumonia, and Enterococcus faecium.

Antibiotics

Third-generation cephalosporins, amoxicillin-clavu-

lanic acid, quinolones, or trimethoprim-sulfameth-

oxazole are the first choice for community-acquired

UTIs. For uncomplicated UTIs, an oral antibiotic may be

used. Quinolones and trimethoprim-sulfamethoxazole

are not recommended in patients receiving long-term

norfloxacin prophylaxis and in geographic areas with a

high prevalence of quinolone-resistant bacteria. In nos-

ocomial infections, nitrofurantoin could be a good

option in uncomplicated UTI. In some regions, because

of the high prevalence of ESBL-producing bacteria,

carbapenems should be used. In the case of severe

sepsis or septic shock secondary to UTI, a glycopeptide

must be added to anti-GNB antibiotic to cover Enter-

ococcus faecium.

Skin and soft tissue infection

SSTIs, in particular those of the lower limb or abdominal

wall, are observed in 2–11% of cirrhotic patients with

peripheral edema and/or ascites [35,36]. In a Spanish

cohort, the mortality rate from SSTIs is 4% [37]. This rate

could increase to 56% with GNB-related SSTIs [38].

Diagnosis

The most common symptoms of cellulitis are pain, ten-

derness, swelling, warmth, and redness in a distinct area

of the skin. For SSTI, ultrasound of the region is an useful

tool for excluding occult abscesses, to guidemicrobiologic

sampling and/or surgical drainage, and for making
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the differential diagnosis from deep venous thrombosis.

CT scan should be performed if necrotizing fascitis is

suspected.

Microbiology

Skin cultures are positive in 50% of cases. GPC are

isolated more frequently than GNB, but up to one-third

of cultures yield GNB. Classically, the most isolated GPC

are Staphylococcus aureus, Streptococcus pyogenes, and Enter-

ococcus faecalis. GNB are represented by E. coli, Pseudomo-

nas aeruginosa, and Enterobacter cloacae.

Antibiotics

Amoxicillin-clavulanic acid or ceftriaxone and oxacil-

lin, which covers Staphylococcus, are the first choice for

community-acquired cellulitis. These antibiotics are

ineffective for Pseudomonas spp. Ceftazidime and oxa-

cillin or piperacillin-tazobactam could be a better choice

for those with a high risk of Pseudomonas spp.

Prevention of organ failure

Use of albumin

Spontaneous bacterial peritonitis

In patients with cirrhosis, an open-label unblinded ran-

domized clinical trial (RCT) in patients with SBP (without

shock) treated with cefotaxime showed that the intra-

venous administration of a 20% albumin solution

reduced the incidence of renal failure and decreased

mortality rates from 29% to 10% [39]. In this trial,

albumin was given at an arbitrary dose of 1.5 g/kg body

weight at the time of diagnosis, followed by 1 g/kg body

weight on day 3. This effect was not observed in patients

with low risk of mortality (total bilirubin <4 mg/dL and

creatinine <1 mg/dL) [40]. A recent small unblinded

RCT suggested that a 20% albumin solution improved

systemic hemodynamics better than a 6% hydroxye-

thylstarch solution in SBP [41].

Infections other than SBP

The data are less clear. Only a small RCT showed no

survival difference between patients treated with IV

albumin at the classic dose but suggested a survival

benefit in the multivariate per protocol analysis [42].

Albumin seemed to improve renal function but larger

studies are needed before recommending the use of

albumin in non-SBP infections in cirrhotic patients.

Use of nonselective beta-blockers

Based on a case–control study, nonselective beta-block-

ers (NSSBs) increased the risk of renal dysfunction and

death in cirrhotic patients with SBP, suggesting that these

patients should not receive NSBBs [43]. At this time,

because of the lack of prospective data, we cannot

recommend stopping NSSBs systematically in the case

of SBP.

Management of organ failure,
severe sepsis, and septic shock

In the general population with septic shock, each hour of

delay before administration of antibiotics decreases the

survival rate by 7.6% [44]. The choice of an adequate

empiric antimicrobial treatment improves the outcome

of patients and misuse doubles the mortality rate [45].

The same results are observed in cirrhotic patients with

septic shock [46].

Hemodynamic therapy

Early hemodynamic therapy

In the general population, during the first 6 hours of

severe sepsis and septic shock it may be beneficial to

maintain mean arterial pressure �65 mmHg, central

venous pressure at 8–12mmHg, central venous oxygen

saturation �70%, and urinary output �5mL/kg/h [47].

These goals are achieved using fluids, vasopressors,

inotropes, and blood transfusion. Patients with cirrhosis

and septic shock have a lower baseline arterial pressure,

are more hyperdynamic, have higher central venous

oxygen saturation [48], and lower hematocrit than

noncirrhotic patients with severe sepsis. Therefore,

specific goals for early hemodynamic therapy should

be established in cirrhotic patients with severe sepsis

and septic shock.

Fluid therapy and vasopressors

At this time, we have no evidence-based data to aid in

the choice of optimal fluid resuscitation and type of

vasopressor in the management of severe sepsis and

septic shock in the specific population of cirrhotic

patients. Norepinephrine and dopamine remain first

line vasopressors to correct hypotension in septic

shock [49]. Dopamine seems to induce more cardiac

arrhythmias than norepinephrine in the general

population [50].
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Stress dose steroids

Current guidelines only recommend stress dose steroids

in patients with vasopressor-unresponsive septic shock in

the general population [51]. Patients with cirrhosis and

septic shock may have a high incidence of adrenal insuf-

ficiency (51–68%)whichmay be related to a reduction in

adrenal blood flow and high cytokine expression [52]. A

small uncontrolled study assessing severely cirrhotic

patients (mean Child–Pugh scores of 11) with septic

shock who were nonresponders to corticotropin sug-

gested that hydrocortisone could shorten the duration

of shock resolution and improve survival compared with

a retrospective matched cirrhotic cohort [53]. A large

double-blind RCT is needed to evaluate hydrocortisone

therapy in cirrhotic patients with septic shock.

Other therapeutic modalities

Data about the type of renal replacement therapy, glu-

cose control, protective ventilation strategy, selective

digestive tract decontamination in cirrhotic patients

with severe sepsis and septic shock are lacking. Further

studies are needed in this specific population of patients

to make clear recommendations.

Prevention of bacterial infection in
cirrhosis

Bacterial infections are common and severe in patients

with cirrhosis. Thus, it is important to try to prevent

infections in patients who are at risk. Because infection is

frequently caused by translocation of GNB of intestinal

origin, prevention is based on selective intestinal

decontamination with a fluoroquinolone (e.g., norflox-

acin). The restriction of antibiotic prophylaxis to high-

risk patients is essential to prevent the development of

antibiotic resistance.

Patients with acute gastrointestinal

hemorrhage

In this context, bacterial infections are frequent. A meta-

analysis of trials in patients with variceal hemorrhage has

shown that antibiotic prophylaxis reduced the incidence

of severe infection (SBP and/or septicemia) and

decreased mortality [4]. There is a decrease in mortality

from variceal hemorrhage from 43% to 15% over a

20-year period and antibiotic prophylaxis is indepen-

dently associated with improved survival. A beneficial

effect of antibiotic prophylaxis on control of bleeding and

prevention of rebleeding has also been observed [55].

Oral norfloxacin (800mg/day for 7 days) is commonly

used [56]. However, an RCT has shown that intravenous

ceftriaxone (1 g/day for 7 days) was more effective than

oral norfloxacin in preventing severe infections in

patients with advanced cirrhosis (at least two of the

following: ascites, severe malnutrition, encephalopathy,

or bilirubin >3mg/dL) and varieal bleeding [57]. Baveno

V consensus guidelines recommend starting antibiotics at

admission, ideally before or immediately after endos-

copy, and to continue this treatment for 7 days [58].

Patients with low protein ascitic levels

and no prior SBP: primary prophylaxis

Oral norfloxacin administration (400mg/day) in patients

with low protein ascitic levels (<1.5 g/dL) and advanced

cirrhosis (Child–Pugh score �9 points with serum biliru-

bin level �3mg/dL or impaired renal function (serum

creatinine level �1.2mg/dL, blood urea nitrogen level

�25mg/dL, or serum sodium level �130mEq/L)) with-

out prior SBP episode reduces the probability of SBP and

HRS and improved the 3-month survival rate [59]. Simi-

larly, oral ciprofloxacin (500mg/day) reduces the 1-year

mortality rate in patients with ascitic protein levels

<1.5 g/dL and without prior SBP episode [60]. This

primary prophylaxis is indicated until liver transplanta-

tion or until improvement of liver function.

Patients with prior SBP: secondary

prophylaxis

After an episode of SBP, the cumulative recurrence rate

at 1 year is 70% [61]. Oral norfloxacin decreases the

recurrence of SBP from ∼70% to 20% [62].

Issues with long-term antibiotic therapy

There is no consensus on the duration of long-term use of

oral antibiotic therapy to prevent first SBP or its recur-

rence. However, antibiotic therapy is associated with the

emergence of drug-resistant organisms.

Nonantibiotic strategy to prevent

bacterial infections in cirrhotic patients

Restriction of the use of proton pump inhibitors

Several studies suggest an association between proton

pump inhibitor (PPI) use and the occurrence of

SBP [63,64]. Thus, we suggest stopping the PPI if there

is no clear indication, especially in patients with ascites.
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Pentoxifylline

A large double-blind RCT showed that oral pentoxifylline

administration (1200mg/day) decreased modestly but

significantly the risk of bacterial infection in patients

with advanced cirrhosis (Child–Pugh C) [65].

Prophylactic use of enoxaparin

A nonblinded RCT designed to evaluate the efficacy of

enoxaparin (4000 IU/day subcutaneously) in preventing

portal vein thrombosis in cirrhotic outpatients (Child–

Pugh classes B7–C10) shows that this prophylaxis

reduces significantly the occurrence of SBP and bactere-

mia (9% vs. 33% at 1 year) [66]. The mechanisms of this

prevention is incompletely understood but the study

suggests a reduction in bacterial translocation under

enoxaparin treatment.

Catheter-related infections

These infections are common in critically ill cirrhotic

patients. These patients may benefit from the following:

appropriate hand hygiene, use of chlorhexidine for skin

preparation, use of full-barrier precautions during the

insertion of central venous catheters, use of the subcla-

vian vein as the preferred site for insertion of the cathe-

ter, and the removal of unnecessary central venous

catheters [67].

Conclusions

Bacterial infections have become the primary cause of

death in cirrhosis. The outcome remains poor despite

progress in understanding the pathogenesis of sepsis in

cirrhosis. Multicenter RCTs are needed to improve the

prognosis of this severe complication.
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CHAPTER 16

Hepatorenal syndrome and acute kidney injury
Florence Wong
Division of Gastroenterology, Department of Medicine, Toronto General Hospital, University of Toronto, Ontario, Canada

Renal dysfunction is a common complication of liver

cirrhosis, estimated to occur in approximately 20% of

patients with advanced cirrhosis and ascites admitted to

hospital [1]. Although the prevalence of chronic kidney

disease (CKD) is rising, related to an increasing number of

patients worldwide affected by viral hepatitis, obesity,

diabetes, and hypertension, the majority of cases

of renal dysfunction are related to acute kidney injury

(AKI), whether occurring de novo or superimposed on

a background of CKD [1,2].While structural renal disease

can occur in patients with cirrhosis, leading to acute renal

dysfunction, most of the AKI cases in cirrhosis are func-

tional in nature, that is, there is no underlying structural

abnormality in the kidneys; rather, the renal dysfunction

is the result of hemodynamic changes that are prevalent

in advanced cirrhosis. There is splanchnic and systemic

arterial vasodilatation, which leads to an apparent

decrease in the intravascular volume, the so-called reduc-

tion in the effective arterial blood volume. The physiologic

response is an activation of various vasoconstrictor sys-

tems in an attempt to reduce the extent of vasodilatation,

and to improve the intravascular volume by increasing

renal sodium and water retention [3]. The renal circula-

tion is very sensitive to the vasoconstrictive effects of these

vasoconstrictor systems and therefore is susceptible to the

development of renal vasoconstriction with renal impair-

ment. Most episodes of functional renal disorder are

responsive to intravascular volume replacement, with

return of the renal function to the baseline level [1].

Hepatorenal syndrome (HRS) is the most severe form

of functional renal failure and it is not responsive to

intravascular volume challenge. The exact prevalence

of AKI is unknown, as many cases of mild AKI are

outpatients and therefore may escape medical attention.

Amongst hospitalized patients, AKI including cases of

structural renal disease and functional renal failure, has

been reported to have a prevalence of 19% [1]. In a series

of 263 cirrhotic patients with ascites admitted to two

large tertiary centers in Barcelona for management of

ascites, 27.4% of patients developed prerenal renal failure

(volume-responsive functional renal failure, FRF), 14.1%

developed infection-related FRF, and 7.6% developed

HRS during a mean follow-up period of 41 months [4].

Interestingly, 7.6% of patients also developed renal fail-

ure due to structural renal diseases during follow-up [4].

Because the development of AKI in cirrhosis is associated

with increased morbidity and mortality, even before

patients reach the stage of established HRS [5,6], signifi-

cant efforts have been made in recent years to better our

understanding of the pathophysiology, and to update the

various definitions and diagnostic criteria.

Hepatorenal syndrome

HRS is themost clearly defined and best studied amongst

all theAKI entities in cirrhosis. It used to be an invariably

fatal condition with a median survival of several days

without treatment [7]. With the introduction of effec-

tive treatments, HRS is no longer a terminal condition.

Therefore, it is paramount that early and accurate diag-

nosis is made, so as to implement treatment to improve

the outcome for these patients.

Definition

In 2007, the International Ascites Club, an organization

consisting of experts in hepatology, renal physiology,

hemodynamics, electrolyte disorders, cardiopulmonary

function, and transplant medicine, revised the definition

of HRS. The group wanted to emphasize the functional

nature of the condition, which is consequent upon the

systemic vasodilatory hemodynamic changes that occur

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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in advanced cirrhosis [8–10]. The group also recognized

that changes in cardiac function and renal physiology

contributed to the development of HRS (Table 16.1). For

example, patients who developed renal failure with an

episode of bacterial peritonitis had significantly lower

cardiac output at the time of infection resolution when

compared with baseline, and also when compared with

those who did not develop HRS at the time of infection

resolution [11]. Changes in renal autoregulation with

progression of liver cirrhosis also has a role in the devel-

opment of HRS. Autoregulation is a physiologic response

that maintains renal blood flow despite alterations in

renal perfusion pressure. However, increasing levels of

sympathetic nervous activity with advancement of cir-

rhosis can lead to progressive reduction in renal blood

flow even with adequate renal perfusion pressure, thus

predisposing the patient to the development of renal

failure [12].

Thus, the current definition of HRS states that:

HRS is a potentially reversible syndrome occurring in

patients with cirrhosis, ascites and liver failure. It is char-

acterized by impaired renal function, marked alterations in

the cardiovascular function and over-activity of the endog-

enous vasoactive systems. Marked vasoconstriction in the

kidney causes low glomerular filtration, whereas in the

systemic circulation, there is decreased vascular resistance

due to splanchnic and peripheral arterial vasodilatation. A

similar syndrome can also occur in acute liver failure and

acute alcoholic hepatitis. [13]

A recent report has confirmed that patients with

lower cardiac output had worse renal function as indi-

cated by a lower glomerular filtration rate, lower renal

blood flow, and higher serum creatinine, indicating a

link between cardiac function and renal function [14].

Furthermore, those who went on to develop HRS had a

lower cardiac index, as did those who died from their

HRS [14]. Indeed, a cardiorenal interaction has been

proposed in patients with advanced cirrhosis where

cardiac dysfunction in cirrhosis is a major determinant

of kidney function [15]. Therefore, there may be fur-

ther refinement of the definition in the future as new

pathophysiologic processes are recognized.

Diagnostic criteria

Table 16.2 sets out the most recent criteria for the

diagnosis of HRS, which continues to mandate a diag-

nosis of exclusion [13]. These diagnostic criteria have

been simplified to improve the diagnostic accuracy of

HRS, thereby allowing application of effective treat-

ment options according to a standard set of rules. Of

note, HRS can be diagnosed in the setting of a bacterial

infection, provided septic shock is not present. In addi-

tion, urinary electrolyte or creatinine clearance is not

Table 16.1 Pathophysiologic processes that have been implicated in the development of hepatorenal syndrome (HRS).

Pathophysiologic process Underlying etiology Consequence

Splanchnic and systemic

arterial vasodilatation [3]

• Production of excess vasodilators [8]

• Inability of the cirrhotic liver to clear excess vaso-

dilators

• Hyporesponsiveness of the arterial circulation to the

vasoconstrictive effects of various vasoconstrictors

• Increased mesenteric angiogenesis [9]

• Post-receptor defect at the level of the smooth muscle

cells [10]

• Increase in vascular capacitance

• Reduction in effective arterial blood volume

• Activation of various vasoconstrictor systems

• Renal vasoconstriction and sodium retention

Cardiac dysfunction • Cirrhotic cardiomyopathy, with systolic dysfunction,

that is, there is inability of the heart to mount an

increased cardiac output in the presence of significant

systemic vasodilatation [14,15]

• Decreased cardiac output

• Decreased renal perfusion pressure

Altered renal

autoregulation

• Increased sympathetic activity with progression of

cirrhosis [12]

• Progressive reduction in renal blood flow with

advancing cirrhosis even when there is no

reduction in renal perfusion pressure

• Patients are predisposed to the development

of HRS with smaller further reduction in renal

blood flow
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required for the diagnosis of HRS, thereby obviating the

need for a 24-hour urine collection. Despite its limita-

tions as an accurate index of renal function [16,17],

especially in advanced cirrhosis, serum creatinine is still

the parameter used to diagnose HRS, because it is

widely available and easy to measure. The diagnosis

of HRS requires a serum creatinine level of >1.5mg/dL

(133 μmol/L). Clinically, HRS can be divided into two

types: the acute form or type 1 HRS which is charac-

terized by a rapidly progressive renal failure defined by

doubling of the initial serum creatinine to a level

greater than 2.5mg/dL (221 μmol/L) in less than 2

weeks; whereas the chronic form or type 2 HRS is

characterized by moderate renal failure (serum creati-

nine of 1.5–2.5mg/dL or 133–221 μmol/L), which fol-

lows a steady or slowly progressive course, often

associated with refractory ascites. Despite the emer-

gence of several promising markers of renal dys-

function such as cystatin C, neutrophil gelatinase-

associated lipocalin, interleukin-18, and liver type fatty

acid binding protein [18], there are as yet no specific

diagnostic markers for HRS. Many of these biomarkers

are more specific for renal tubular damage and are

therefore more appropriate for separating acute tubular

necrosis from functional renal disorders rather than

diagnosing hepatorenal syndrome per se.

Differential diagnosis of renal

dysfunction in cirrhosis

Despite setting down the diagnostic criteria, the accurate

diagnosis of HRS may not always be easy in daily clinical

practice [19]. This is especially true for patients with

rapidly deteriorating renal dysfunction, many of whom

may be oliguric or anuric, thus making exclusion of

structural renal disease on urinary criteria difficult.

The volume replacement may not have followed strictly

the criteria required for the diagnosis of HRS or the

diuretic withdrawal may not have been complete before

starting definitive treatment for HRS, as many physicians

are unwilling to take a wait-and-see approach until the

diagnostic serum creatinine level of >2.5mg/dL

(221 μmol/L) is reached. In a recent report of 263 con-

secutive patients with cirrhosis and renal failure admit-

ted into 21 Italian hospitals, the cases of presumed

diagnosis of HRS responded to treatment with vaso-

constrictors with similar outcomes when compared

with patients who fulfilled all the diagnostic criteria

for HRS [19]. Therefore, physicians are encouraged to

follow the diagnostic criteria for HRS, but should not

delay or withhold treatment in cases of presumed HRS

diagnosed on clinical grounds. Figure 16.1 sets out the

diagnostic approach to a patient with cirrhosis, ascites,

and renal dysfunction.

The most frequent differential diagnosis for HRS is

acute tubular necrosis (ATN) and differentiating the

two conditions is not always easy. Patients with ATN

may not always provide a history of hypotension, or

nephrotoxic drug use. Likewise, patients with a pro-

longed course of HRS may also develop ATN, related

to intense renal arteriolar vasoconstriction, causing tubu-

lar damage [20]. Granular casts may be seen in both HRS

and ATN. Urinary parameters such as urinary sodium

excretion and urinary: plasma osmolality ratio are of no

value in differentiating the two conditions [21]. The fact

that patients who had abnormal serum creatinine but no

proteinuria nor hematuria all showed structural renal

changes on transvenous renal biopsy further adds to the

confusion [22]. The recent report of the differential

capability of various renal biomarkers holds promise in

separating ATN from HRS [23], but this needs to be

confirmed. Until then, physicians who lean towards

the diagnosis of HRS should institute treatment for

HRS, as renal dysfunction will invariably progress while

waiting for clear differentiation, thus diminishing the

likelihood of response to treatment [24].

Treatment of type 1 hepatorenal

syndrome

Type 1 HRS is usually part of amulti-organ failure picture

of the acute-on-chronic liver failure syndrome in a very

Table 16.2 Diagnostic criteria for hepatorenal syndrome.

• Cirrhosis with ascites

• Serum creatinine >1.5mg/dL (133 μmol/L)

• No improvement of serum creatinine (decrease to a level of

1.5mg/dL or less) after at least 2 days of diuretic withdrawal and

volume expansion with albumin. The recommended dose of

albumin is 1 g/kg of body weight per day up to a maximum of

100 g/day

• Absence of shock

• No current or recent treatment with nephrotoxic drugs

• Absence of parenchymal kidney disease as indicated by proteinuria

>500mg/day, microhematuria (>50 red blood cells per high

power field), and/or abnormal renal ultrasonography

Source: Adapted from Salerno et al., 2007 [13]. Reproduced with

permision of BMJ Group.
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ill patient with advanced cirrhosis [25]. Although type 1

HRS can develop spontaneously, it usually is precipitated

by an acute event that perturbs the already precarious

hemodynamic state of the patient. Therefore, treatment

for type 1 HRS involves managing the precipitating

event, the associated systemic inflammatory response

syndrome, and the renal failure as well as the global

organ malfunction of the patient.

Treatment of precipitating event

The most common precipitating event for type 1 HRS is

bacterial infection [26]. The myriads of inflammatory

cytokines released by the bacteria can induce various

changes in the microcirculation including microthrombi

in capillaries, endothelial dysfunction, and capillary

leaks in many organs including the kidneys, leading to

organ dysfunction [27]. Although spontaneous bacterial

Cirrhosis and ascites

Yes No

Check for precipitating factors

• excess diuresis

• gastrointestinal blood loss

• vomiting and diarrhea

• bacterial infection

• large volume paracentesis without

  adequate volume replacement

Organic renal disease

Volume replacement with albumin

1mg/kg body weight, maximum 100 g/day

return of serum creatinine to baseline

Pre-renal failure

No Yes

Type 1 HRS
Serum creatinine

continues to rise

(≥2.5mg/dL or ≥ 221μmol/L

in ≤2 weeks)

Abrupt increase in serum creatinine

(≥0.3mg/dL or ≥25.4μmol/L in 48 hours)

or

(≥50% from baseline)

Small kidneys on ultrasound
or

hematuria or proteinuria
or

casts seen on urine microscopy

Figure 16.1 Approach to a patient with cirrhosis and ascites who presents with an acute rise in serum creatinine fulfilling the

diagnostic criteria for acute kidney injury.
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peritonitis is the most frequent precipitating event for

type 1 HRS [26,28], all bacterial infections can cause

renal failure [29]. In addition, any event that disturbs the

volume status or exaggerates the reduction of intra-

vascular volume such as gastrointestinal blood loss, over-

diuresis, or large-volume paracentesis without adequate

intravascular volume replacement can also precipitate

type 1 HRS.

Given that type 1 HRS is potentially reversible, it is

imperative that the precipitating event is recognized

early and treated accordingly. Volume replacement in

the form of blood or blood products is given in cases of

blood or blood volume loss. Diuretics and nephrotoxic

drugs need to be withdrawn. In patients suspected of

having an episode of bacterial infection, early and

empirical use of antibiotics is recommended [30]. In

those patients who have one of these precipitating

events and who have not yet developed type 1 HRS,

preventative measures can sometimes obviate its

occurrence. For example, the incidence of renal impair-

ment is most significant among patients with sponta-

neous bacterial peritonitis and a serum bilirubin level

>4mg/dL (68 μmol/L) and a serum creatinine level

>1mg/dL (88 μmol/L) [31], and prophylactic use of

albumin in this scenario has been shown to reduce

the incidence of renal failure [31]. Likewise, the use

of prophylactic antibiotics in patients who have an

episode of gastrointestinal bleeding has been shown

to reduce the incidence of bacterial infections and

therefore the likelihood of developing type 1 HRS [32].

Vasoconstrictor therapy

Given that one of the major pathophysiologic factors for

the development of type 1 HRS is systemic arterial

vasodilatation, leading to paradoxical renal vaso-

constriction, it stands to reason to treat type 1 HRS by

counteracting the systemic arterial vasodilatation. The

resultant improvement in the effective arterial blood

volume should lead to a dampening of the activities of

the various systemic vasoconstrictors, thereby decreasing

the renal vasoconstriction, with overall improvement in

renal blood flow and glomerular filtration.

Terlipressin

The most widely used agent outside North America for

the treatment of type 1 HRS is terlipressin, which is a

vasopressin analog. Terlipressin binds to the V1 recep-

tors of the vascular smooth muscle cells to cause

vasoconstriction in both the systemic and the splanchnic

circulations [33]. It therefore reduces the extent of

splanchnic and systemic vasodilatation. In addition, ter-

lipressin has been shown to dilate intrahepatic vessels,

thereby reducing intrahepatic resistance to portal

inflow [34]. The overall result is a reduction in portal

pressure, which also has a direct effect on improving

renal function [35].

To date, there have been two randomized controlled

trials comparing terlipressin and albumin with albumin

alone [36], or terlipressin and albumin with pla-

cebo [37]. Both studies have shown efficacy in revers-

ing type 1 HRS in approximately 34–43% of patients,

but survival was not improved. Recurrence of HRS was

not common after discontinuation of treatment, and

any recurrence could be retreated with terlipressin with

similar response as the initial course. Sub-analyses

showed that patients with severe liver or renal dysfunc-

tion, as indicated by a serum bilirubin of >10mg/dL

(170 μmol/L) and a serum creatinine of >5.6mg/dL

(493 μmol/L) [24] were not likely to respond. In addi-

tion, those patients who did not have an increase in

mean arterial pressure of >5mmHg on day 3 were also

likely to not respond to treatment [38]. The corollary

from these observations is that patients who are very ill

with severe liver and renal dysfunction should not be

treated with terlipressin, and, for those who receive

terlipressin, a lack of hemodynamic response on day 3

should also indicate that an alternative therapy should

be given.

More recently, there are reports that a continuous

infusion is superior to bolus doses of terlipressin, which

were used in the randomized controlled trials in the

management of type 1 HRS [39,40]. Equal efficacy was

achieved with a lower total daily dose and with fewer

side effects, due to a more sustained portal pressure

lowering effect of a continuous infusion than with

bolus injections. There are now also case reports doc-

umenting the efficacy of repeated courses of continu-

ous infusions of terlipressin with albumin 20–40 g/day

as a bridge therapy to liver transplantation for repeated

recurrences of HRS [41,42]. All patients who were

treated in this manner remained alive at 46 days to

8 months and ultimately received a liver transplant as

definitive therapy. Therefore, long-term use of terli-

pressin is a plausible option, preventing irreversible

renal failure and the need for dialysis while waiting

for liver transplantation.
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Midodrine

Midodrine is an α-agonist. It acts by binding to the α1-

adrenergic receptors on the vascular smoothmuscle cells,

which in turn leads to an increase in the intracellular

calcium, thereby causing smooth muscle cell contraction

and vasoconstriction. It therefore increases mean arterial

pressure, and hence renal perfusion pressure. Its use in

type 1 HRS has been propelled by two pilot stud-

ies [43,44], which showed improvement but not nor-

malization of renal function. Because terlipressin is not

available in North America except in the context of a

clinical trial, the use of midodrine is popular. To date,

there are no randomized controlled trials comparing

midodrine with placebo as a treatment for type 1 HRS,

but a few retrospective studies suggest that it is effective

in approximately 30% of patients, especially when com-

bined with octreotide [45,46]. One of the retrospective

studies found that when midodrine was given at 15mg

three times daily, 88% patients had type 1 HRS reversal

compared with 33% of those receiving <12.5mg three

times daily [45]. The most recent data suggest that

terlipressin is superior to the midodrine–octreotide com-

bination in reversing type 1 HRS [47]. With clinical trials

of terlipressin for type 1 HRS just completed in North

America, the use of the midodrine–octreotide combina-

tion may be phased out in the near future. Of note, the

use of octreotide alone has not been shown to be effective

in the treatment of type 1 HRS [48].

Norepinephrine

Likemidodrine, norepinephrine is an α-agonist. To date,

there are three randomized controlled trials comparing

the safety and efficacy of norepinephrine with terlipres-

sin in reversing type 1 HRS. A similar number of patients

responded to norepinephrine with an improvement in

mean arterial pressure and renal function when com-

pared with the terlipressin groups [49–51]. Side-effect

profiles and cumulative survival were also comparable

between the two drugs. A meta-analysis comparing the

use of terlipressin with norepinephrine also confirmed

equal efficacy of the two drugs in the reversal of type 1

HRS [52]. The cost of norepinephrine is significantly

lower than that of terlipressin. However, the use of

norepinephrine requires cardiacmonitoring in an inten-

sive care unit, whereas terlipressin can be administered

in a nonmonitored setting. Therefore, the cost-effective-

ness argument for the use of norepinephrine for type 1

HRS may not be valid. However, it is a good alternative

in situations where terlipressin is not available. There

have been no randomized controlled trials compar-

ing norepinephrine with the midodrine–octreotide

combination.

Therefore, the choice of vasoconstrictor for the treat-

ment of type 1 HRS depends on local drug availability

and the access for cardiac monitoring. A meta-analysis

comparing all randomized trials on vasoconstrictors with

or without albumin versus no intervention or albumin

alone for type 1 HRS reported a beneficial effect of

vasoconstrictors on renal function, and a reduction in

all-cause mortality favoring the vasoconstrictors

(Figure 16.2a) [53]. A sub-analysis assessing only the

terlipressin trials confirmed that terlipressin plus albumin

was more efficacious than albumin alone in terms of

improving renal function or reversal of HRS

(Figure 16.2b) [53]. Since then, two further meta-analy-

ses corroborated the same findings [52,54]. Thus, the

available data suggest that terlipressin, where available,

should be given for type 1 HRS.

Albumin

Albumin is a plasma protein that has ligand-binding,

antioxidant, anti-inflammatory, and metabolic propert-

ies in addition to being a very effective volume

expander [55]. It is given to patients with AKI to rule

out prerenal failure. Albumin has not been established as

a stand-alone treatment for type 1 HRS, especially as

recent studies have not shown albumin alone to be able

to reverse type 1 HRS, nor to improve survival when

compared with the combination of albumin and vaso-

constrictors [36,37,55]. It is not clear whether albumin

has any additional beneficial effects on renal function

when added to vasoconstrictors in the treatment of HRS.

In the largest retrospective study on the use of terli-

pressin for HRS, there was no difference in the outcome

of patients irrespective of whether albumin was added to

terlipressin [56]. Yet, in another prospective non-

randomized study, the use of albumin significantly

improved renal function and survival [57]. Given the

fact that there is no evidence that albumin actually does

some harm, it seems prudent to use albumin in the

treatment of HRS. The International Ascites Club recom-

mends the use of 20–40 g/day albumin in combination

with vasoconstrictors, after the initial dose of 1 g/kg of

body weight on initial 2 days [13].

Figure 16.3 describes the pharmacologic approach to

the management of type 1 HRS.
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Nonpharmacologic treatments of type 1

hepatorenal syndrome

Transjugular intrahepatic portosystemic shunt

Transjugular intrahepatic portosystemic shunt (TIPS) was

first used as a treatment for HRS almost 20 years ago [58].

The rationale for using TIPS was because it is a very

effective means of reducing sinusoidal portal hyper-

tension, which is the initiator of the hemodynamic

changes that lead to relative renal ischemia and hence

decreased renal function. In addition, TIPS returns a

significant portion of the splanchnic volume into the

systemic circulation, leading to suppression of various

vasoactive neurohormones, resulting in better renal per-

fusion. Indeed, several studies have demonstrated the

efficacy of TIPS in improving renal function in patients

with type 1 HRS [59–61]. In those patients who

responded, ascites was also reported to decrease

significantly. In addition, TIPS appears to confer a survival

advantage over conventional medical treatment, with

one study reporting an 18-month survival of

35% [60]. However, in that particular study, those

who received medical therapy had more severe liver

dysfunction with a significantly higher Child–Pugh score;

that is, those who received TIPSmight have had a survival

advantage for the simple reason that they were less ill.

The fact that there has not been any report on the use of

TIPS as a treatment for type 1 HRS in the past decade

suggests this may be a treatment option that is falling out

of favor, as other treatment modalities such as terlipressin

may have supplanted the use of TIPS as a treatment for

type 1 HRS, especially as TIPS is associated with its own

set of complications [62], and it is not uniformly associ-

ated with total reversal of HRS [59–61]. In the latest

review on the clinical applications for TIPS [62], it has
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Figure 16.2 (A) Meta-analysis of all randomized controlled trials assessing the effects of terlipressin on all-cause mortality, and

(B) meta-analysis of all randomized controlled trials assessing the effects of vasoconstrictors on renal function. Source: Gluud et al.,

2010 [53]. Reproduced with permission of John Wiley & Sons.
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been suggested that TIPS should be considered as a

treatment for HRS in those patients whose liver function

is relatively preserved such as abstinent alcoholics, and/or

patients who are possible candidates for liver transplan-

tation. One study showed that TIPS could significantly

improve post-transplant graft and patient survival in such

candidates, possibly due to an improved pretransplant

renal function and portal blood supply of the graft by

reducing collateral flow. Long-term survival, however,

was not affected [63].

Extracorporal albumin dialysis

In patients with acute-on-chronic liver failure, many

with renal failure, the use of extracorporal albumin

dialysis system as a means of filtering out various

substances including vasodilators was thought to be

beneficial to patients with HRS, as this process could

help to improve the hemodynamic derangements of

patients with type 1 HRS. Indeed, the use of one such

system was able to reduce serum bilirubin and serum

creatinine [64,65], and in one randomized controlled

trial, survival also improved [66]. However, when treat-

ment was stopped, serum creatinine returned to pre-

treatment high levels, suggesting that no real change in

renal function was achieved with extracorporal albumin

dialysis, as confirmed by measurement of renal function

using clearance techniques [67]. Rather, the bilirubin

and creatinine were being filtered out by the dialysis.

Therefore, extracorporal albumin dialysis cannot be rec-

ommended as a treatment for type 1 HRS.

Hepatorenal Syndrome Type 1

Confirmed

(  serum creatinine >2.5 mg/dL or >221μmol/L in ≤ 2 weeks)

or

#Norepinephrine continuous
infusion at 0.5 mg/hour

+
Albumin 20-40 g/day

Midodrine 5 mg p.o. tid
+

Octreotide 25 μg I.V. bolus
followed by a continuous

infusion of 25 μg/hour
(or 100 μg s/c tid)

+
Albumin 20-40 g/day

*Terlipressin I.V. boluses
1mg/4-6 hours

+
Albumin 20-40 g/day

Terlipressin dose to
2 mg/4-6 hours on day  3
if serum creatinine has

not fallen by 25%
+

Albumin 20-40 g/day

Continue treatment
until serum creatinine

≤1.5 mg/dL (133 μmol/L)
or

Maximum duration=14 days

Maximum dose = 3 mg/hour

Norepinephrine dose by
0.5 mg/hours until

mean arterial pressure
is increased by 10 mmHg

+
Albumin 20-40 g/day

Midodrine dose up to
15mg tid until mean arterial

pressure is increased
by 100 mmHg

+
Octreotide (same dose)

+
Albumin 20-40 g/day

Maximum duration =15 days

Continue treatment
until serum creatinine

≤1.5 mg/dL (133 μmol/L)
* Terlipressin may be
given as a continuous
infusion at 2 g/day in
preliminary results of a
randomized controlled trial

# needs to be given in a
monitored setting

or

Figure 16.3 Pharmacologic treatments for type 1 hepatorenal syndrome. (Data from references 36,37,39,43,44,49,51.)
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Treatment of type 2 hepatorenal

syndrome

Patients with type 2 HRS usually present with refractory

ascites and mild renal dysfunction. Treatment is usually

directed towards the management of refractory ascites,

and the options include repeat large-volume paracentesis

or TIPS. For those patients with concomitant severe liver

dysfunction, liver transplant is the appropriate definitive

treatment.

Large-volume paracentesis is often the first line ther-

apy for patients with refractory ascites [68]. There is

always the concern for the development of post-para-

centesis circulatory dysfunction even with the adminis-

tration of albumin post-paracentesis [69]. The use of

vasoconstrictors for type 2 HRS has been assessed in a

few small studies. In total, 43 patients with type 2 HRS

treated with terlipressin have been reported in the liter-

ature with similar response rates to patients with type 1

HRS [57,70–72]. The recurrence rate was high, making it

impractical to use terlipressin in this population of

patients [57,71].

The use of TIPS as a treatment for type 2 HRS has been

specifically addressed in one study [73]. The insertion of

TIPS was associated with a significant reduction of serum

creatinine back to the normal range, associated with

improved survival in 12 of the 18 patients. When the

insertion of TIPS was preceded by the use of terlipressin,

the reversal of HRS was maintained [70]. Given the fact

that TIPS insertion alone was able to normalize renal

function, it is not clear whether the use of terlipressin

pre-TIPS would add any benefit to patient outcome.

Liver transplantation for hepatorenal

syndrome

Liver transplantation is the definitive treatment for HRS,

especially for patients with type 1 HRS who do not

respond to vasoconstrictor therapy. Renal replacement

therapymay need to be instituted in patients as a bridging

therapy until liver transplantation [74]. Although HRS is

usually reversible after liver transplantation [75], up to

40% of patients can remain dependent on dialysis for a

period of time post-liver transplant [76], possibly related

to the persistence of abnormal hemodynamics post-

transplant [77]. There are several controversies sur-

rounding the issue of liver transplantation for HRS.

For example, in patients with type 1 HRS who have

achieved HRS reversal, whether their priority for liver

transplant as indicated by the model for end-stage liver

disease (MELD) score should be calculated with the post-

treatment serum creatinine, as their prognosis post-liver

transplant is similar to patients without HRS [78]. Oppo-

nents to such a strategy argue that the clinical outcome of

patients with type 1 HRS remains poor despite reversal of

HRS, and therefore they should retain their priority for

liver transplant [79] using their pretreatment serum

creatinine to compute the MELD score. The other area

of contention concerns the use of combined liver kidney

transplant (CLKT) for patients with type 1HRS. There are

now data suggesting that patient and graft survivals are

inferior for CLKT when compared with liver transplant

alone [80], therefore many transplant centers are now

starting to adopt a wait-and-see approach with respect

to simultaneous kidney transplant in patients with cir-

rhosis and type 1 HRS. However, patients who have bad

prognostic indicators for renal recovery such as the

presence of alcoholic hepatitis, need for pretransplant

dialysis [76], as well as the duration of dialysis of >8

weeks pretransplant [81], should be considered for

CKLT. Finally, patients with type 2 HRS tend to have

much lower priority for liver transplant, as their MELD

score is usually lower, especially if their liver dysfunction

is not too severe. However, their clinical course is not

particularly benign, especially if the patient also has

hyponatremia [82]. The mortality for patients with asci-

tes on the liver transplant waiting list remains high

(>20% at 180 days) despite a lower MELD score of

<21 [83]. The controversy then becomes whether

patients with type 2 HRS should also be given priority

for liver transplantation, especially if hyponatremia is a

recurring issue. To settle this issue, efforts are now being

made tomodify the criteria for allocation of donor organs

such as assigning points for persistent ascites and low

serum sodium in calculating the final score for organ

allocation.

Acute kidney injury

HRS is a well-defined entity with rigid diagnostic criteria.

However, there are cases of acute rises in serum creati-

nine that reach a level of >1.5mg/dL (133 μmol/L) in

decompensated cirrhosis that do not really fit into the

diagnostic criteria for HRS. As mentioned in the section

under differential diagnoses for type 1HRS, some cases of

acute renal failure in these patients are related to organic

renal disease such as ATN. However, themajority of cases
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of AKI are related to prerenal azotemia [1,84]. In a

retrospective study assessing the outcome of 152 hospi-

talized patients with a serum creatinine >1.5mg/dL

(133 μmol/L) [84], 70% of patients had stage 1 AKI as

defined by the Acute Kidney Injury Network (AKIN) for

other patient populations (an absolute increase of serum

creatinine by 0.3mg/dL (26.4 μmol/L) or a 50% increase

from baseline within 48 hours) [85], 69% had prerenal

azotemia that was responsive to volume replacement.

HRS type 1, which was not volume responsive, only

made up of 9% of AKI patients. Intrinsic renal disease

including ATN and post-renal causes were the other

differential diagnoses of AKI in these patients

(Table 16.3). The International Ascites Club requires

all patients who present with AKI to undergo volume

challenge in order to exclude prerenal azotemia before

diagnosing HRS. Likewise, intrinsic renal disease has to

be excluded by a bland urinalysis, normal urine micros-

copy, and normal kidney sizes on abdominal ultrasound

before a diagnosis of HRS can be accepted [13].

In a prospective study by Belcher et al. [6] that fol-

lowed strictly the AKIN diagnostic criteria for AKI [85],

patients with decompensated cirrhosis and AKI admitted

into hospital were followed for their clinical outcome.

Almost half of the patients had stage 1 AKI on admission,

30% had stage 2 AKI (doubling of serum creatinine from

baseline), and the remainder of the patients had stage 3

AKI (trebling of serum creatinine from baseline). Pro-

gression of the renal dysfunction to the next AKIN stage

was noted in 44% of patients, associated with more

medical events, the development of more cirrhotic com-

plications, and higher mortality [6]. In those patients

who had AKIN stage 3 renal failure whose renal dys-

function progressed, those needing dialysis had a mor-

tality rate of >70%. Of note, the lowest serum creatinine

in this study cohort was 1.0 g/dL (88 μmol/L), not suffi-

cient for the diagnosis of HRS, and yet this patient was

amongst the nonsurvivors. Highmortality rates were also

reported in critically ill cirrhotic patients in intensive care

units who developed AKI according to the AKIN criteria.

Such patients were 6.9 times more likely to die than

patients who were otherwise ill but who did not develop

AKI [86].

The study by Belcher et al. [6] illustrates that it is the

change in serum creatinine rather than the absolute

serum creatinine value that is important in determining

patient outcome. This is because serum creatinine is a

poor indicator of the glomerular filtration rate [16],

especially in decompensated cirrhosis due to reduced

production of creatinine from creatine because of signifi-

cant muscle wasting. For example, a serum creatinine of

1mg/dL (88 μmol/L) in such a patient, which is still

within the laboratory’s normal range, is associated

with a glomerular filtration rate of 50mL/min, which

represents substantial reduction in renal function [7].

Therefore, such a patient will not be able to withstand

further renal insults with this diminished renal reserve.

In a population of post-cardiac surgery patients, small

increments of serum creatinine have been shown to have

a negative impact on prognosis [87]. Similarly, in a

population of ambulatory cirrhotic patients with ascites,

whose baseline serum creatinine was within the normal

Table 16.3 Differential diagnosis of acute kidney injury in

cirrhosis.

Prerenal azotemia

Over-diuresis

Large-volume paracentesis without adequate intravascular volume

replacement

Gastrointestinal blood loss

Sepsis

Excessive vomiting

Intrinsic renal diseases

Acute glomerulonephritis

Acute tubular necrosis:

aminoglycosides

heme-pigment related

Interstitial nephritis:

penicilins

cephalosporins

ciprofloxacin

thiazide diuretics

Nephrotoxic drugs:

radiocontrast agents

methotrexate

cyclosporine

tacrolimus

Ischemia:

nonsteroidal anti-inflammatory drugs

Hemolytic uremic syndrome

Hepatorenal syndrome

Type 1

Post-renal causes

Ureteric obstruction

Bladder neck obstruction

Note: hepatorenal syndrome type 1 is a specific form of prerenal

azotemia that is not responsive to volume replacement.

184 Chapter 16



laboratory range, small increases of serum creatinine of

either 0.3mg/dL (26.4 μmol/L) within 48 hours or a 50%

rise in serum creatinine from a baseline value within the

previous 6 months, irrespective of the final serum creati-

nine, which might still be within the laboratory’s normal

range, was associated with a decreased survival when

followed-up for 1 year [5]. In addition, these episodes of

AKI appear to be precipitated by the same events that

lead to the development of type 1 HRS, suggesting that it

may be the same pathophysiologic process that underlies

the development of milder cases of AKI, perhaps to a less

degree of intensity.

The recognition that acute trivial rises in serum creati-

nine could have a significant impact on the natural

history of decompensated cirrhosis has led several groups

of experts together to define the entity of “acute kidney

injury” in cirrhosis modified from the AKIN criteria

(Table 16.4) [88]. These new diagnostic criteria also

acknowledge the entity of acute-on-chronic renal failure,

suggesting that changes in hemodynamics can also occur

in patients with structural renal disease, leading to fur-

ther insults to renal function. This new concept of com-

bined functional and structural damage in the kidneys of

cirrhotic patients is quite innovative, but may be the

reality of the future, as more cirrhotic patients develop

structural renal disease from causes such as diabetes.

A recent prospective study using these new diagnostic

criteria of AKI in infected cirrhotic patients admitted into

hospital found that they accurately predicted 30-day

survival in these patients [89]. Further validation of these

new diagnostic criteria in large cohorts of cirrhotic

patients will be needed before they can be brought

into daily practice.

Conclusions

The development of renal dysfunction still remains a

common and dreaded complication of cirrhosis. Great

strides have been made in the past decade in the under-

standing of the pathophysiology and in the development

of effective treatment of renal dysfunction in cirrhosis,

resulting in improved patient outcomes. The recognition

that milder degrees of renal dysfunction could also be

potentially deleterious to the prognosis of these patients

has rekindled the enthusiasm in the search for newer

knowledge, and thence new therapies for this once fatal

complication of cirrhosis.
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CHAPTER 17

The hepatopulmonary syndrome
Moises Ilan Nevah Rubin and Michael B. Fallon
Division of Gastroenterology, Hepatology and Nutrition, Department of Internal Medicine,

The University of Texas Health Science Center at Houston, Houston, TX, USA

Introduction

Cirrhosis and portal hypertension are associated with

alterations in thevasculature inanumberoforgan systems

that alter function in these organs and lead to increased

mortality. Although the initial hemodynamic abnormality

in cirrhosis is the development of an increased portosys-

temic gradient (the gradient between the portal vein and

the systemic circulation) due to disrupted liver architectu-

re and intrahepatic vasoconstriction, this is promptly fol-

lowed by splanchnic vasodilatation which, in turn, is

followed by systemic vasodilatation. Splanchnic and sys-

temic vasodilatation lead to decreased effective blood

volume that activates baroreceptors and neurohumoral

systems and is followed by sodium and water retention,

increased plasma volume expansion, and cardiac output

and, hence, a hyperdynamic circulatory state. Although

the development of portal hypertension and a hyperdy-

namic circulatory state underlie organ dysfunction in liver

disease, the specific mechanisms involved appear to

vary between organs and are incompletely characterized.

One recently recognized end-organ complication of

cirrhosis is the hepatopulmonary syndrome (HPS),

which results from vascular dilatation and/or angiogen-

esis in the pulmonary arteriolar circulation [1,2]. The

major clinical manifestation is hypoxemia and the pres-

ence of HPS has a direct impact on pre- and post-liver

transplant mortality [3–5]. The only known cure for the

syndrome is liver transplantation.

Definition

HPS is defined as vascular alterations in pulmonary gas

exchange regions, leading to a widened age-corrected

alveolar–arterial oxygen gradient (AaPO2) on room air,

with or without hypoxemia (AaPO2 �15mmHg, or �20

mmHg, in patients �65 years old), in patients with

underlying liver disease and/or portal hypertension [1].

The diagnosis of HPS requires the presence of a con-

stellation of clinical and laboratory findings and a high

index of suspicion. HPS can occur in patients with com-

pensated or decompensated cirrhosis, and has been

described in patients with prehepatic portal hypertension

(minimal or no evidence of liver dysfunction) and acute

liver injury [6–9].

The pulmonary vascular alterations inHPS result from

microvascular dilatation and/or angiogenesis. Exclusion

of cardiopulmonary diseases has been a key component

of the diagnosis in prior definitions. Currently, it is

well established that HPS may occur in patients with

coexistent cardiac or pulmonary pathologies and be

an important contributor to the degree of hypoxemia

(Table 17.1) [1,10,11].

The severity of HPS can be stratified based on the

degree of the patient’s hypoxemia as: mild (PaO2 �80

mmHg), moderate (PaO2 �60 to <80mmHg), severe

(PaO2 �50 to <60mmHg), or very severe (PaO2 <50

mmHg) (Table 17.1).

Epidemiology

HPS is relatively common in patients with cirrhosis

being evaluated for liver transplantation and may occur

across the spectrum of severity of liver disease [12–14].

Intrapulmonary vascular dilatation detected by contrast-

enhanced echocardiography is present in 40–60% of

patients being evaluated for liver transplantation and as

many as 30% have sufficient vascular abnormalities to

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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impair gasexchangeandcauseawidenedalveolar–arterial

oxygen gradient [5,12,14,15]. Severe HPS, defined as a

PaO2 <60mmHg on room air, is found in 5–15% of

patients evaluated for liver transplantation [1]. Although

some studies find HPS to be more common in more

advanced liver disease and in more severe portal hyper-

tension, it clearlyoccurs inboth compensated cirrhosis and

in settings where portal hypertension is present in the

absence of cirrhosis. In a prospectivemulticenterUS study,

the severity of liver disease was not different between

patients with and without HPS [5].

HPS is commonly found in the setting of cirrhosis. It

appears to occur less commonly in smokers and may be

more common in Caucasians than in Hispanics or

African-Americans. HPS has been described in portal

hypertension without cirrhosis (prehepatic portal

hypertension, nodular regenerative hyperplasia, con-

genital hepatic fibrosis, and hepatic venous outflow

obstruction) [6,7,16] and hepatic dysfunction in the

absence of established portal hypertension (acute and

chronic hepatitis) [8,9,17]. Intrapulmonary shunting

and hypoxemia have also been reported in metastatic

carcinoid in the absence of portal hypertension [18]

and in children with congenital cardiovascular

abnormalities that result in reduced hepatic venous

drainage to the lungs [19–21]. Together these observa-

tions suggest that factors normally produced or

metabolized in the liver may influence the lung micro-

vasculature in susceptible individuals when hepatic

function or blood flow are altered.

Pathogenesis

HPS develops when pulmonary microvascular dilata-

tion and/or angiogenesis develops in the setting of

liver disease (Figure 17.1). The mechanisms that trigger

these microvascular changes are incompletely character-

ized. In experimental HPS induced by common bile

duct ligation (CBDL), both pulmonary microvascular

dilatation and angiogenesis contribute to altered gas

exchange [2,13]. Similar changes are not observed in

other rodentmodels of cirrhosis and portal hypertension,

suggesting that CBDL triggers unique molecular events

that influence the pulmonary microvasculature [22–24].

The two most well-recognized events include increased

microvascular endothelin signaling and accumulation

of monocytes in the microvascular lumen. Upregulated

endothelin-1 (ET-1) signaling occurs via increased circu-

lating ET-1 levels, in part derived from cholangiocytes,

and by increased lung endothelial endothelin B (ETB)

receptor expression in response to increased shear stress

due to systemic vascular changes [25–27]. The result is

enhanced ETB receptor mediated endothelial-derived

nitric oxide (NO) production. Monocyte accumulation

within the microvasculature is enhanced by ET-1 alter-

ations and also by tumor necrosis factor α (TNF-α)

production from bacterial translocation of intestinal

micro-organisms and possibly specific overexpression

of monocyte chemotactic and angiogenic chemokines

(i.e., fractalkine) [2,23–25,28–31]. Intravascular mono-

cytes are an important source for local pulmonary

production of NO, carbon monoxide (CO), and vascular

endothelial growth factor (VEGF) which contribute to

vascular and gas exchange abnormalities. Recently,

in vitro studies have demonstrated that upregulation of

the ERK signaling pathway and cholangiocyte VEGF

overexpression may be associated with cholangiocyte

ET-1 production [32]. Accordingly, in CBDL animals,

inhibition of TNF-α, ETB receptor signaling, CO produc-

tion, tyroxine kinase receptor, or angiogenesis amelio-

rate HPS [2,23–25,28,29,33].

Table 17.1 Diagnostic criteria and staging for hepatopulmonary

syndrome (HPS).

Cirrhosis and/or portal hypertension

Age corrected alveolar–arterial oxygenation gradient �15mmHg or

PaO2 <70mmHg

Intrapulmonary vasodilatation documented on contrast enhanced

echocardiography

Absence of abnormalities that can explain hypoxemia (abnormal

chest X-ray, pulmonary function tests or CT)

Mild HPS

Alveolar–arterial oxygenation gradient �15mmHg and PaO2

�80mmHg

Moderate HPS

Alveolar-arterial oxygenation gradient �15mmHg and PaO2 <80 –

�60mmHg

Severe HPS

Alveolar-arterial oxygenation gradient �15mmHg and PaO2 <60 –

�50mmHg

Very severe HPS

Alveolar–arterial oxygenation gradient �15mmHg and PaO2

<50mmHg

Adapted from the European Respiratory Society task force on PHD

diagnostic criteria for HPS, Rodriguez-Roisin et al, 2004 [1]. CT, computed

tomography; PaO2, partial pressure of oxygen in the arterial blood.
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Less is known about the pathogenesis of human HPS

and how the mechanisms identified in the development

of experimental HPS contribute to human disease. The

fact that HPS occurs across a spectrum of etiologies and

disease and portal hypertension severity and develops

in less than 50% of cirrhotic patients, suggest that HPS

develops in patients with an underlying predisposition.

The recent finding that genetic variation in genes asso-

ciated with vascular growth and development is asso-

ciated with the risk of HPS raises the possibility that

genetic susceptibility to angiogenesis might be a pre-

disposing factor [34]. Systemic and pulmonary produc-

tion of NO is increased in HPS, but is also increased in

cirrhotic patients without HPS [35–38]. Inhibition of

NO production does not reliably improve HPS despite

improving systemic hemodynamics [35–38]. Therefore,

the precise role of NO in human HPS is unknown. CO

production does appear to be selectively increased in

human HPS, although whether this derives from lung

production or influences the vasculature is not known.

Finally, whether monocytes adhere in the lung vascu-

lature in human HPS, via increased circulating levels

of adhesion molecules, and whether inhibition of TNF-

α or bacterial translocation across the gastrointestinal

tract alter the severity of HPS are not well defined

[28,33,39,40].

The pathogenesis of altered oxygenation in HPS

derives from the changes in the pulmonary micro-

vascular bed. In humans, capillary dilatation and pleural

arteriovenous malformations have been described in a

limited number of cases [6,7,19,20,41]. In experimental

HPS, both pulmonary vascular dilatation and angiogen-

esis occur [2,42]. Three mechanisms of hypoxemia have

been described in human HPS: anatomic arteriovenous

shunting, ventilation–perfusion mismatch (increased

capillary blood flow), and diffusion–perfusion mismatch-

ing (impaired passage of oxygen from the alveolus into

the vasculature). The relative contribution of these

mechanisms to gas exchange abnormalities appear to

vary based on the severity of HPS [43].
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Clinical features

The majority of patients with HPS are either asympto-

matic, particularly if discovered during evaluation for

liver transplantation (LT), or develop the insidious onset

of dyspnea [44]. Classically, dyspnea (platypnea) and

hypoxemia (orthodeoxia) increase in the upright posi-

tion in HPS due to the predominance of vasodilatation in

the lung bases and the increased blood flow through

these regions when upright [45]. However, these find-

ings are uncommon and are of limited diagnostic util-

ity [46,47]. Several other clinical features including

spider angiomata, digital clubbing, and cyanosis, are

also commonly described in HPS but are also not reliable

diagnostic indicators. In addition, respiratory symptoms

are common in cirrhosis due to poor physical condition,

smoking, ascites, and/or intrinsic lung disease. Therefore,

the presence of HPS may be difficult to discern and the

diagnosis delayed and identified only after severe arterial

hypoxemia has ensued. Finally, sleep-time oxygen desa-

turation also appears to occur commonly in patients with

HPS and may worsen hypoxemia at night [48].

Chest radiography (CXR), chest computed tomogra-

phy (CT), and/or pulmonary function tests (PFT) are

often performed to evaluate dyspnea in cirrhosis and

during LT evaluation. Commonly, CXR is normal in HPS

even when hypoxemia is severe. However, lower lobe

interstitial markings resulting from dilated vessels may be

present and are often confused with pulmonary fibro-

sis [12,49]. Dilated vessels as well as parenchymal fibrosis

may be visible on high resolution chest CT, but its role in

the diagnosis of HPS has not been established. PFTs

typically demonstrate well-preserved spirometry and

lung volumes. However, the diffusing capacity for carbon

monoxide (DLCO) is often reduced and may suggest the

diagnosis. However, a decrease in DLCO commonly

occurs in cirrhosis in the absence of HPS, limiting diag-

nostic utility [50,51].

Diagnosis

The diagnosis of HPS requires a high degree of clinical

suspicion and rests on documentation of the presence of

arterial gas exchange abnormalities resulting from intra-

pulmonary vasodilatation in the appropriate clinical set-

ting. The threshold for pursuing the diagnosis is

influenced by the presence of specific signs and

symptoms, risk factors for intrinsic cardiopulmonary

disease, and whether LT is being considered. In patients

with risk factors for intrinsic cardiopulmonary disease

(smoking and other cardiovascular risk factors, occupa-

tional exposure, liver diseases associated with intrinsic

lung disease) such diseases are appropriate initial con-

siderations. In patients with clubbing or dyspnea in the

absence of risks for intrinsic cardiopulmonary disease

and in those being considered for LT, screening for

HPS is appropriate and cost-effective [52]. In the latter

group it is particularly important to diagnose and differ-

entiate HPS from portopulmonary hypertension, given

that the presence of these disorders may influence treat-

ment and LT candidacy and priority.

Gas exchange abnormalities are detected by arterial

blood gas measurements and quantified by calculating

the alveolar–arterial oxygen gradient (AaPO2 >15–

20mmHg based on age) and assessing for hypoxemia

(PaO2 <70mmHg) [1]. The inclusion of mild gas

exchange abnormalities (increased AaPO2, PaO2 <70

mmHg, described as early HPS) appears to be important;

based on recent findings, mortality is increased even in

this subset of HPS patients relative to non-HPS cir-

rhotics [53,54]. Obtaining arterial blood gases in the

sitting position may enhance the detection of arterial

deoxygenation in HPS. Pulse oximetry is an established

screening modality for detecting hypoxemia and HPS in

patients being evaluated for LT. Using a threshold SpO2

value of <96% provides a sensitivity of 100% and spec-

ificity of 88% for detecting HPS patients with a PaO2 of

<70mmHg [55,56]. This technique can target the use of

tests for HPS to those with a higher risk of disease. Those

patients with a pulse oximetry of <96% should undergo

further testing with room arterial blood gases and con-

trast echocardiography to exclude or confirm the diag-

nosis of HPS. Based on the utility of pulse oximetry for

detecting hypoxemia in a wide range of disorders, this

technique may also be useful for HPS screening in the

general cirrhotic population (Figure 17.2).

In adults, contrast echocardiography using a trans-

thoracic approach is the most sensitive and commonly

employed screening technique for detecting intrapulmo-

nary vascular dilatation. It is the preferred modality for

the diagnosis of intrapulmonary shunting. Lung perfu-

sion scanning, pulmonary angiography, and high reso-

lution chest CT scanning are additional studies that may

be useful as adjunctive tests. Typically, agitated saline is

used to generate microbubbles during echocardiography.
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Intrapulmonary shunting and vasodilatation are consid-

ered when microbubbles are observed in the left cardiac

chambers three cardiac cycles after intravenous injec-

tion [57–59]. Immediate visualization of injected contrast

(microbubbles) in the left heart indicates intracardiac

shunting. Transesophageal contrast echocardiography

may increase the sensitivity of detecting intrapulmonary

vasodilatation compared to transthoracic echocardio-

graphy, but is invasive and more expensive [57–59].

Echocardiography also assesses cardiac function and

estimates pulmonary arterial systolic pressure, and is

useful for screening for cardiac dysfunction and porto-

pulmonary hypertension. As many as 40–60% of

patients with cirrhosis and normal arterial blood gases

may have a positive contrast echocardiogram, suggesting

that mild intrapulmonary vasodilatation insufficient to

alter gas exchange is common in cirrhotics [54,59,60].

Also, a positive result on contrast echocardiography in a

hypoxemic patient with concomitant pulmonary dys-

function (pleural effusion, chronic obstructive pulmo-

nary disease) does not establish HPS as a cause of gas

exchange abnormalities, because either intrapulmonary

vasodilatation or the underlying pulmonary process

could be responsible. In these patients, additional testing

with radionuclide lung perfusion scanning may be

useful.

Radionuclide lung perfusion scanning using 20 μm

technetium-labeled macroaggregated albumin particles

(99mTcMAA scan) may be used to quantify intrapulmo-

nary shunting in HPS. Normally, all particles are trapped

in the lung microvasculature, but in HPS, some particles

escape through abnormal capillaries and lodge down-

stream.Quantitative imaging of the lung and brain using

a standardized methodology has been validated as a

means to calculate a shunt fraction [42,59,61]. Using

this methodology, a positive 99mTcMAA scan (shunt

fraction >6%) is found only in HPS patients with a

PaO2 <60mmHg and not in those with intrinsic lung

disease alone [59,61]. Therefore, a positive scan sup-

ports the presence of advancedHPS even in the setting of

coexistent intrinsic lung disease. However, as a screen-

ing test in adults, 99mTcMAA scanning is less sensitive

than contrast echocardiography in detecting intrapul-

monary vasodilatation in adults, and cannot evaluate

cardiac function, intracardiac shunting, or pulmonary

artery pressures.

Pulmonary angiography is an invasive and insensi-

tive diagnostic modality for detecting intrapulmonary
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vasodilatation in HPS and is not useful as a screening test.

Two types of angiographic findings have been reported:

type 1, a diffuse “spongiform” appearance of pulmonary

vessels during the arterial phase; and type 2, small

discrete arteriovenous communications. The great

majority of patients with HPS have either normal angio-

grams or type 1 findings evenwhen hypoxemia is severe.

Therefore, angiography has a very limited diagnostic or

therapeutic role in HPS [62,63]. High-resolution chest CT

may be a less invasive radiologic method to detect dilated

pulmonary vessels and intrapulmonary shunting in

HPS [18,64,65]. The degree of dilatation observed on

CT has been found to correlate with the severity of gas

exchange abnormalities in several studies, suggesting

that CT may be useful in assessing the presence and

severity of HPS.

Natural history and treatment

The natural history of HPS is incompletely character-

ized, although quality of life and survival are adversely

affected by its presence [53]. Over time, the majority of

patients appear to develop progressive intrapulmonary

vasodilatation and worsening gas exchange, and spon-

taneous improvement, though reported, is rare [66].

Mortality in pretransplant patients with HPS is

increased twofold relative to unaffected cirrhotic

patients [3,4,53], although recent data suggest that

pretransplantation HPS, regardless of severity, may

not affect post-transplant mortality [67,68]. In addi-

tion, many patients with moderate to severe HPS have

comparatively well-preserved hepatic synthetic func-

tion, making it likely that the presence of HPS will

contribute to poor outcomes [4,53,69].

Currently, LT is the only effective treatment for

patients with HPS and complete resolution of gas

exchange abnormalities is reported in more than 80%

of such patients [42,70]. However, an early prospective

study found that those with severe HPS (preoperative

PaO2 �50mmHg and 99mTcMAA shunt fraction �20%)

had a marked increase in postoperative mortality, in part

due to the development of unique postoperative compli-

cations recognized in these patients [71]. These findings

support the current practice of providing model for end-

stage liver disease (MELD) exception points to cirrhotic

patients with HPS and a PaO2 <60mmHg listed for LT.

Since this initial study, a number of additional small

studies and an analysis of Scientific Registry of Transplant

Recipients data have found 1–3 year mortality after

LT in HPS to range widely from 5% to 42%

[3,4,15,67,68,71–74]. These studies highlight the need

to define more precisely the influence of HPS on LT

outcomes to guide MELD exception policy [75].

There is no effective or approved medical therapy for

HPS. Somatostatin, almitrine, indomethacin, inhaled

(nebulized) L-NAME, aspirin, and plasma exchange

have all been tried without clear benefit [12,42].

In experimental HPS, inhibition of heme oxygenase-1

(by Tin protoporphyrin and Quercetin) has decreased

CO-mediated vascular dilatation and improved gas

exchange and intrapulmonary shunting [23,76]; human

studies have yet to be performed and more information

is needed.

A small open labeled clinical trial, several case reports,

and a recent prospective trial using garlic have shown

some benefit in HPS [77–81]. In this last trial, garlic was

administered in a dosage of 1–2mg/m2/day. After

9 months of therapy, there was a statistically significant

improvement in oxygen levels and decrease in AaPO2.

This trial also documented reversal of HPS and survival

benefits in a subset of treated patients. Further studies are

required to validate these findings.

Recent case reports describe spontaneous resolution of

HPS after complete withdrawal of methadone in two

separate cirrhotic patients. Both patients had hepatitis

C as the cause for their underlying liver disease; one of

them achieved sustained virologic response after inter-

feron and ribavirin therapy, 3 years prior to the resolu-

tion of the syndrome. Dyspnea and exercise tolerance

improved after a few months of methadone withdrawal

and, objectively, there was a significant decrease in the

shunt fraction in the macroaggregated albumin scan.

The authors hypothesize a role for opiate receptors in

modulating NO signaling and release as the patho-

physiologic mechanism for the effects [82,83].

Norfloxacinhasbeendescribed in ratmodels to improve

HPS by presumed decrease in bacterial translocation and

endotoxemiawhich in turn reduces NO-mediated pulmo-

nary vascular dilatation [29]. A published case report

supported this hypothesis in a patient with hepatitis C

cirrhosis, HPS, and brain abscess that experienced resolu-

tion of hypoxemia after successful treatment of the infec-

tiousprocesswith theantibiotic [84]. Theonly randomized

controlled trial of norfloxacin in humans failed to demon-

strate improvement in oxygenation and AaPO2 [85].
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Recently, pentoxifylline (PTX), a phosphodiesterase

inhibitor with known mild TNF-α and NO inhibitory

properties, has been linked to improved oxygenation

in experimental HPS [86–88]. However, in human

HPS results with PTX are conflicting. In one study,

tolerability of the drug was poor and no oxygenation

benefit was observed after 6 weeks of therapy [87]. In a

second study, tolerability to PTX was not a limiting factor

and there was an overall improvement in PaO2 of more

than 10mmHg after 3 months of treatment [88]. The

dose of PTX used in both trials was 400mg three times

daily. No studies have explored whether endothelin

receptor antagonists or angiogenesis inhibitors, which

have benefit in experimental HPS, are effective in human

disease [2,25].

A number of case reports have evaluated the effects of

lowering portal pressure with transjugular intrahepatic

portosystemic shunt (TIPS) on HPS. Although several

have reported significant improvement, no benefit has

been found in others, making assessments of utility

difficult [89–93]. These reports highlight the need to

identify and target likely pathogenetic mechanisms

and undertake randomizedmulticenter trials of sufficient

size to determine efficacy. A recommended therapeutic

algorithm is outlined in Figure 17.3.

Conclusions

The HPS is a common vascular complication of cirrhosis,

and its presence increases mortality in cirrhotic patients.

Identification of this syndrome requires thorough clinical

evaluation, basic laboratory tests, exclusion of other

disorders, and a high index of suspicion. The patho-

physiology is distinct and yet to be fully characterized,

but there is a key role of vasoactive mediators as initial

triggers for vasodilatation and vascular remodeling.

Direct actions of these substances in the gas-exchange

capillaries, appear to result in pulmonary vasodilatation

and angiogenesis in susceptible individuals leading to

hypoxemia. Medical treatment for HPS is suboptimal

and definitive therapy currently requires LT.
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Hyponatremia

Epidemiology and pathogenesis

Unlike hypernatremia, hyponatremia is very common

in patients with cirrhosis and ascites. Its prevalence

depends on the criteria used to define it. In a prospec-

tive study in patients with cirrhosis and ascites, the

prevalence of hyponatremia, defined by a serum

sodium concentration �135mmol/L, was found to be

28%. Patients with cirrhosis develop two types of

hyponatremia: (i) hypovolemic hyponatremia, or (ii)

hypervolemic hyponatremia. Hypovolemic hyponatre-

mia is characterized by low serum sodium associated

with contraction of plasma volume, lack of edema,

ascites, and prerenal renal failure. Hypervolemic or

dilutional hyponatremia is due to a marked impairment

of renal solute-free water excretion, resulting in a

disproportionate renal retention of water with respect

to sodium. As a consequence, the most stricking differ-

ence between these two conditions lies in the volume

status which is reduced in hypovolemic hyponatremia

and increased in hypervolemic hyponatremia. Hyper-

volemic hyponatremia is much more common than

hypovolemic hyponatremia in patients with cirrhosis

and ascites, thus, this chapter discusses to hypervolemic

hyponatremia.

Clinically significant hyponatremia (serum sodium

value �130mmol/L) in patients with cirrhosis is asso-

ciated with severe liver disease as reflected by a high

Child–Pugh score, poor control of ascites, and serum

creatinine value >108 μmol/L [1]. Its pathogenesis is

related to a higher rate of renal retention of water in

relation to sodium because of a reduction in solute-free

water clearance [2–4]. The pathogenesis of water reten-

tion in cirrhosis is complex and involves several factors:

increased plasma levels of vasopressin (AVP), reduced

renal synthesis of prostaglandins, and reduced delivery

of filtrate to the ascending limb of the loop of Henle, the

diluting segment of the nephron. Patients with cirrhosis

and ascites have increased plasma concentrations of

AVP which are closely correlated with the reduction

in solute-free water excretion [5–7]. Several studies

have provided evidence that increased release [2–4]

rather than reduced metabolism of AVP [8] is respon-

sible for the increased plasma concentration of AVP in

these patients. Taking into account that most patients

with cirrhosis and ascites have a degree of hyponatre-

mia and hypo-osmolality that would suppress AVP

release in normal subjects [9], a nonosmotic stimula-

tion of AVP release due to a reduction in effective

circulating volume is considered the afferent factor

leading to increased plasma concentration of AVP.

In this context, it should be highlighted that AVP is

part of the neurohumoral response to splanchnic arte-

rial vasodilatation which also includes hyperactivation

of antinatiuretic and vasopressor systems such as the

renin-angiotensin-aldosterone axis and the sympa-

thetic nervous system [9,10]. Bichet et al. [7] showed

that the expansion of central blood volume by means of

head-out water immersion suppressed plasma renin

activity, and the plasma levels of aldosterone, nore-

phineprine, and AVP, resulting in an improvement in

both sodium and water excretion. These results were

confirmed, almost 20 years later, by clinical studies that

showed that in patients with hepatorenal syndrome

(HRS) who responded to the prolonged administration
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of vasoconstrictors and albumin there was a significant

improvement in plasma levels of sodium associated

with a decrease in the plasma level of AVP [11,12].

The first step in the action of AVP on water excretion

is its binding to V2 receptors on the basolateral mem-

brane of the principal cells of the collecting duct. The

activation of the V2 receptors stimulates adenyl cyclase

via the stimulatory G protein and promotes the forma-

tion of cyclic adenosine monophosphate (cAMP). The

post-cAMP events that mediate the increase in water

permeability are related to the presence of a number of

the water channel family that are exclusively expressed

in the principal cells of the collecting duct, aquaporin-2.

AVP stimulates the translocation of aquaporin-2 from

sub-apical multivescicular bodies to the apical mem-

brane [13]. According to this pathogenetic interpreta-

tion of hyponatremia in cirrhosis, urinary excretion of

aquaporin-2 would be expected to be increased and

not reduced as was found by Esteva-Font et al. [14].

The authors found urinary aquaporin-2 excretion in

patients with cirrhosis and hyponatremia lower than

in patients without hyponatremia and did not find a

correlation between plasma level of AVP and urinary

aquaporin-2 excretion. Nevertheless, the reduced uri-

nary excretion of aquaporin-2 in patients with cirrhosis

and hyponatremia may represent the molecular basis

of the phenomenon of escaping the effects of AVP

similar to that found in healthy subjects [14]. In fact,

if the AVP–aquaporin-2 system was persistently acti-

vated in cirrhosis, solute-free water reabsorption would

be permanently increased relative to sodium retention,

and serum sodium levels would decline steadily to

levels incompatible with life. Fortunately, this does

not happen in clinical practice as, in most patients

with cirrhosis, hyponatremia, when developed, is stable

for weeks or even for a few months. Therefore, in

patients with cirrhosis who develop hyponatremia, a

reduced availability of aquaporin-2 may be part of a

protective mechanism that counteracts the AVP-

induced increase in solute-free water reabsorption in

the collecting ducts and the further fall in serum sodium

concentration.

Two additional factors are thought to be relevant in

the pathogenesis of hyponatremia in cirrhosis: a reduced

production of solute-free water due to reduced sodium

delivery to the distal tubule and increased release of

renal prostaglandins [15]. The former may be the con-

sequence of a reduction in glomerular filtration rate

(GFR) or an increase in sodium reabsorption in the

proximal tubule [16,17]. As a consequence of its com-

plex pathogenic mechanisms, impaired water excretion

in cirrhotic patients with ascites may be induced and/or

worsened by several factors including diuretics, non-

steroidal anti-inflammatory drugs (NSAIDs) and other

drugs [18–20], as well as by large-volume paracentesis if

not followed by adequate plasma expansion [21], and

bacterial infections. As far as diuretics are concerned, it

should be stated that they can precipitate hypovolemic

hyponatremia causing an excessive increase in sodium

excretion and thus dehydration, aswell as hypervolemic

hyponatremia. With reference to the latter, it should be

noted that loop diuretics may directly interfere with

the urine diluting process by impairing free water gen-

eration through the inhibition of NaCl reabsorption in

the thick ascending limb of the loop of Henle. On the

other hand, any type of diuretic may stimulate a further

release of AVP by means of a further reduction in

the effective circulating volume [22]. Finally, among

the drugs that can precipitate hyponatremia in cirrhosis,

an acute reduction in serum sodium concentration is

common during treatment with terlipressin, an AVP

agonist, for severe portal-hypertensive bleeding. It

develops rapidly after the start of therapy,may be severe

in some patients, is associated with neurologic compli-

cations, and is usually reversible after terlipressin

withdrawal [23].

Clinical consequences and prognostic

implications

The symptoms of hyponatremia (anorexia, apathy, nau-

sea, vomiting) associated with cirrhosis and ascites do

not differ from those of hyponatremia in other diseases

in which hyponatremia is coupled with an increase in

extracellular fluid volume. Few data exist on the clinical

consequences of hyponatremia in patientswith cirrhosis

because hyponatremia almost always occurs in the set-

ting of advanced liver failure, which causes a wide array

of clinical manifestations. Nevertheless, from a clinical

point of view, hyponatremia was found to be associated

with a greater likelihood of hepatic encephalopathy,

hepatorenal syndrome (HRS), and spontaneous bacte-

rial peritonitis (SBP) [1]. The relationship between

hyponatremia and HRS and/or SBP should probably

be viewed from a pathophysiologic perspective. HRS

and SBP can precipitate hyponatremia in patients

with cirrhosis [24] because they are characterized by a
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further impairment of the effective circulating volume

and, thus, to a maximal activation of all the factors

that are involved in the physiopathology of hyponatre-

mia. Nevertheless, it is also proven that hyponatremia

represent a significant risk factor for the development of

HRS in patients with cirrhosis [25]. Both these clinical

conditions further impair the cardiocirculatory system

and further increase the plasma levels of AVP, thus

favoring the development of hyponatremia in patients

with cirrhosis and ascites. However, the terms of the

relationship must be reversed when considering ence-

phalopathy [1], because hyponatremia appears to

precipitate and aggravate hepatic encephalopathy in

patients with cirrhosis. In our experience, serum levels

of sodium and ammonia appear to be the major deter-

minants of electroencephalographic abnormalities in

patients with cirrhosis [26]. In addition, the existence

of hyponatremia was found to be a major risk factor

for the development of overt encephalopathy in all

patients with cirrhosis and ascites [27], particularly in

those with refractory ascites [28]. Finally, it has been

observed that in patients with cirrhosis who were

treated with transjugular intrahepatic portosystemic

shunt, hyponatremia was a major risk factor for hepatic

encephalopathy [29].

In order to explain these clinical observations it may be

hypothesized, on the basis of experimental and human

studies [30–33], that an increased ammonia level and

reduced sodium concentration act synergistically to

induce swelling of astrocytes (Figure 18.1). The conse-

quent cerebral edema would not be sufficient to cause an

increase in intracranial pressure, but astrocyte swelling

would result in a number of alterations in neurologic

function, which would facilitate the development of

hepatic encephalopathy. Other neurologic manifesta-

tions such as headache, focal motor deficits, seizures,

and cerebral herniation are very uncommon in patients

with cirrhosis compared with other patients who develop

hyponatremia. As it has been stated that the most impor-

tant factor in determining the severity of neurologic

symptoms is the rate of fall in serum sodium concentra-

tion, it is likely that the relatively low incidence of

neurologic manifestations in patients with cirrhosis

and hypervolemic hyponatremia is related to the fact

that in most of these patients hyponatremia is chronic

rather than acute, and this gives sufficient time for the

brain to adjust to the reduced osmolality of the extrac-

ellular fluid.

For several years hyponatremia has been recognized as

a powerful prognostic indicator in patients with cirrhosis

Figure 18.1 Pathogenesis of hepatic encephalopathy: role of hyponatremia.
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and ascites [34]. The presence of hyponatremia is asso-

ciated with a low probability of survival in patients with

cirrhosis and ascites [35] as well as in patients with acute-

on-chronic liver failure [36]. In addition, it has been

shown that hyponatremia is an independent predictive

factor of the impaired health-related quality of life in

these patients [35]. Nevertheless, full recognition of

the prognostic value of reduced serum sodium concen-

tration in patients with advanced cirrhosis has occurred

with the development of the Model of end-stage liver

disease (MELD) as reliable indicator of 90-day survival

in patients who are candidates for liver transplantation

(LT). This scoring system utilizes three widely available

laboratory values: total bilirubin (mg/dL), creatinine

(mg/dL), and international normalized ratio (INR) of

the prothrombin time [37,38]. Creatinine was initially

thought to capture the prognostic implications of all

the clinical complications associated with the circulatory

derangements in cirrhosis: ascites, hyponatremia, and

renal failure. However, it has been subsequently reported

that hyponatremia, uncontrolled ascites [39], as well as

type 1 HRS were predictive of short-term mortality

independently of the MELD score [40]. From a specula-

tive point of view it is relevant to note that the indepen-

dent predictive value of serum sodium concentration

disappears when GFR measured by means of insulin

clearance was incorporated into the MELD score [41].

The independent prognostic significance of low serum

sodium concentration was subsequently confirmed by

several authors worldwide and a variety of prognostic

models incorporating serum sodium and MELD have

been proposed [42–44]. The most advanced is that of

Kim et al. [45] which is based on the very simple concept

that “the lower MELD the higher prognostic relevance

of hyponatremia”.

Patients with cirrhosis and hyponatremia are at

increased risk of developing neurologic complications

including central pontine myelinolysis after LT [46,47].

Although central pontine myelinolysis is thought to be

brought about by a rapid change in serum sodium in the

early postoperative period rather than by hyponatremia

per se, it can be considered as a hyponatremia-related

complication. Two recent studies have shown that the

existence of hyponatremia before LT in patients with

cirrhosis is associated not only with an increased risk

of neurologic complications after LT, but also with

an increased risk of renal failure and infectious compli-

cations, longer duration of hospital stay, and, more

importantly, increased short-term mortality after

LT [46,47]. More recently, however, the effect of pre-

transplant hyponatremia on short-term mortality after

LT has not been confirmed [48].

Management

The first step in the management of hyponatremia in

cirrhosis is to identify whether hyponatremia is hypovo-

lemic or hypervolemic, because management differs

markedly. The management of hypovolemic hyponatre-

mia is essentially based upon the administration of sodium

with the aim of normalizing the depleted body sodium

stores, while the key to management of hypervolemic

hyponatremia is to increase renal solute-free water excre-

tion. The administration of hypertonic sodium chloride

cannot be recommended, on a regular basis, for the

management of hypervolemic hyponatremia because it

has a partial and short-lived effect in increasing serum

sodium concentration in cirrhosis and it further increases

ascites and edema in these patients.

The treatment of hypervolemic hyponatremia has

some ambitious aims. First, as hyponatremia has been

shown to be a predisposing factor for hepatic encephal-

opathy in some studies [27,28], the improvement of

serum sodium concentration may help to reduce the

risk of this complication. Second, treatment of hypona-

tremia may improve survival and quality of life in

patients with cirrhosis [35]. Third, in patients awaiting

LT, the normalization of serum sodium concentration

before transplantation may help to reduce the fre-

quency and severity of neurologic complications after

LT [46,47]. Unfortunately, because of the lack of phar-

macologic agents, these potentially beneficial effects of

treating hyponatremia in cirrhosis have not been eval-

uated in prospective randomized controlled trials

(RCTs). The traditional options for treatment of hyper-

volemic hyponatremia in cirrhosis include: (i) fluid

restriction with or without reduction of the doses/with-

drawal of diuretics, and (ii) the administration of albu-

min. Fluid restriction alone or associated with a

reduction of the doses/withdrawal of diuretics, in par-

ticular of loop diuretics, has been the standard of care for

the management of hypervolemic hyponatremia in

cirrhosis for many years. Nevertheless, its efficacy in

improving serum sodium is modest and it is probably

only helpful in preventing a further reduction in serum

sodium concentration. In some prospective randomized

studies comparing the efficacy of vaptans with placebo,
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in which patients from both groups were treated with

fluid restriction, the efficacy of this intervention in

improving serum sodium concentration (>5mmol/L)

ranged from 0% to less than 30% [49–51]. Some reports

in a small series of patients and the preliminary results of

a still unpublished RCT suggest that the administration

of albumin (20–40 g/day) for a short period of time

improves serum sodium concentration in patients

with hypervolemic hyponatremia [52–54]. This benefi-

cial effect of albumin is probably related to an improve-

ment in the effective circulating volume with a

consequent reduction in the activity of the sodium

and water-retaining systems, including AVP.

A new family of drugs, known as vaptans (Table 18.1),

which increase renal solute-free water excretion through

the inhibition of the V2 receptors located in the principal

cells of the collecting ducts, has recently been investi-

gated in themanagement of hypervolemic hyponatremia

associated with different conditions including cirrho-

sis [55–57]. Nevertheless, among the different com-

pounds, only tolvaptan has been approved, limited to

Japan and the United States, for the management of

hyponatremia in cirrhosis. RCTs have demonstrated that

the vaptans, including lixivaptan, tolvaptan, and sata-

vaptan, are effective in improving serum sodium con-

centration in patients with hyponatremia [58–61]. In

short-term studies, normalization of serum sodium con-

centration was observed in 27–54% of patients. In par-

ticular, the rate of normalization of serum sodium

concentration in patients with cirrhosis was 33% by

week 4 [59,62]. The most common side effect of the

vaptans is thirst, which is related to the pharmaco-

dynamic effect of these drugs. The long-term effects of

tolvaptan on serum sodium concentration was evaluated

in patients with cirrhosis, in patients with chronic heart

failure (CHF), and in those with syndrome of

inappropriate secretion of AVP (SIADH). More than

60% and 45% of patients in the mild and marked

hyponatremia groups, respectively, exhibited normal

serum sodium levels by week 4. Correction rates seemed

to be generally similar among patients with CHF and

SIADH/other but may have been somewhat lower

among patients with cirrhosis (Figure 18.2).Mean dosage

of tolvaptan was 30mg/day [59]. Hyponatremia recurred

in tolvaptan-treated patients after discontinuation [62].

The long-term effect of satavaptan has been evaluated

in three randomized double-blind studies comparing

satavaptan with placebo in patients with cirrhosis and

uncomplicated ascites as well as in those with difficult-to-

treat ascites. Satavaptan was more effective than placebo

in improving the serum sodium concentration in patients

with hyponatremia. Satavaptan was not more effective

than placebo in the control of ascites in any of the

populations studied but, overall, in one of the studies

mortality was higher in patients treated with satavaptan

than with placebo [63].

Thus, further studies are needed to determine the

efficacy of vaptans in the long-term management of

hyponatremia in cirrhosis including their impact on

survival because concerns about the administration of

vaptans in patients with cirrhosis include: (i) hyperna-

tremia and dehydration, (ii) a too rapid increase in serum

sodium concentration, which could lead to neurologic

complications, particularly central pontine myelinolysis;

and (iii) renal failure resulting from depletion of the

intravascular volume. Central pontine myelinolyis has

never been reported thus far in any of the studies with

vaptans. Likewise, no significant impairment of renal

function was found in vaptan-treated groups compared

with placebo. However, all patients in the previous

Table 18.1 Vaptans.

Compound Conivaptan Lixivaptan Satavaptan Tolvaptan

Phase 2 2 3 Approved by FDA

Receptor V1a/V2 V2 V2 V2

Route of administration i.v. oral oral oral

Urine volume ↑ ↑ ↑ ↑

Urine osmolality ↓ ↓ ↓ ↓

Sodium excretion/24 hours ↔ ↔
*

↔
*

↔

Company Astellas Pharma Cardiokine SanofiAventis Otsuka

*
= increase 24 hour sodium excretion at high dose.
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mentioned studies were treated in a hospital for the first

days of therapy, had free access to water, and followed

strict investigation protocols with low doses of diuretics

and with daily measurement of serum sodium and inter-

ruption of drug administration if serum sodium increased

more than 8mmol/day. Therefore, it is not known

whether the rate of central pontinemyelinolysis and renal

impairment could be higher under different study condi-

tions. Taken together, the available information on side

effects of treatment with vaptans in patients with cirrhosis

suggest that the drugs should be given under strict clinical

and analytical surveillance, particularly at the initiation of

therapy or when the dosage of the drug is increased [64].

Disorders of potassium homeostasis

Hypokalemia and hyperkalemia are frequently observed

in patients with cirrhosis and ascites as a result of diuretic

therapy. So it is important to differentiate between

untreated and treated patients. Over 98% of the body’s

potassium (K+) is intracellular. Because of this it is often

difficult tomake extrapolations regarding total potassium

store from serum potassium concentration [64]. K+

homeostasis is regulated by the kidney. Furthermore,

aldosterone, serum pH, insulin, and catecholamines

affect the movement of K+ between the serum and

intracellular compartments [64].

Hypokalemia

Epidemiology and pathogenesis

Secondary hyperaldosteronism, hyperactivity of sym-

pathetic nervous system [65], hyperinsulinemia [66],

and respiratory alkalosis [67] are common in patients

with advanced cirrhosis. These are potential causes of

hypokalemia in patients with cirrhosis not treated with

diuretics (Table 18.2). Nevertheless, serumK+ levels are

usually normal in these patients [68]. Most K+ is found

within the intracellular compartment and the correla-

tion between serum K+ and total body K+ is poor. The

evaluation of total body potassium by the dilution of
42K� and the determination of body’s total exchangeable

pool has been shown total body potassium depletion in

patients with decompensated cirrhosis [68]. Once could

note that these studies do not take into account that

patients with cirrhosis and ascites have an increase in

total body water. Indeed, when the results were

expressed in millimol per kilogram of dry body weight,

no differences in total body K+ between cirrhotic

Table 18.2 Main potential causes of hypokalemia in patientswith

cirrhosis.

Factors that affect cellular shift of potassium

Respiratory alkalosis

Hyperinsulinism

Hyperactivity of sympathetic nervous system

Hyperaldosteronism

Factors that affect potassium loss

Extrarenal causes

• Severe or chronic diarrhea

• Prolonged vomiting

Renal causes

• Hyperaldosteronism

• Diuretics (loop diuretics)

• Magnesium deficiency

Figure 18.2 Rate of normalization of serum sodium concentration during long-term treatment with tolvaptan (adapted from ref.

no 59).
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patients and healthy subjects were shown [69]. In sum-

mary, the total body K+ depletion in diuretic-free

patients with liver cirrhosis may reflect an excess of total

body water rather than a true deficit. Secondary hyper-

aldosteronism is not able to induce hypokalemia in

patients with cirrhosis because these patients have a

reduced distal tubular delivery of serum sodium result-

ing from increased proximal tubular reabsorption [17].

Hyperinsulinemia is not able to induce hypokalemia

because patients with cirrhosis are frequently affected

by insulin resistance [70]. Hypokalemia is common in

patients treated with diuretics. Up to 30% of patients

with cirrhosis and ascites treated with loop diuretics

develop hypokalemia [71]. There are two main reasons

for the high prevalence of hypokalemia in patients treated

by loop diuretics: (i) loop diuretics reduce the reabsorption

of potassiun in the loop of Henle; and (ii) loop diuretics

increase the sodium delivery into the distal tubule where

secondary hyperaldosteronism leads to an increased

reabsorption of sodium and secretion of potassium.

When aldosterone antagonist and loop diuretics are com-

bined hypokalemia is less common [72].

Clinical consequences and diagnosis

Symptoms of hypokalemia include mild weakness,

paralytic ileus, cardiac arrhythmias (atrial tachycardia,

ventricular tachycardia, ventricular fibrillation), and

rhabdomyolisis. Hypokalemia significantly increases

renal ammonia production and excretion in the proxi-

mal tubule andmay cause hepatic encephalopathy [73].

Electrocardiographic changes such as decreased T-wave

amplitude, T-wave inversion, and prolongation of QT

interval, are common. The presence of precipitating

factors (loop diuretics, severe or chronic diarrhea, pro-

longed vomiting, malnutrition and/or low protein

intake, magnesium deficiency, alkalosis) should be

investigated before treatment.

Management

Loop diuretics should be discontinued if serum potas-

sium concentration is less than 3.0mmol/L [63]. Oral

replacement using potassium chloride is the preferred

method for patients with mild symptoms who are able

to tolerate oral intake. One cautionary note about KCl

tablets (which typically contain ∼8mmol potassium) is

that they can irritate the gastrointestinal mucosa and

cause bleeding and ulceration, especially if taken in

large quantities. For patients with severe symptoms or

with serum potassium less than 2.5 mmol/L, intra-

venous replacement is needed. It is safer not to exceed

a dose of 20mmol/L, as there is a danger of rebound

hyperkalemia. The concentration of potassium in intra-

venous solutions should not exceed 60mmol/L

(40mmol/L if infusing by peripheral line). Aldosterone

antagonists could be useful in patients with ascites and

without renal failure.

Hyperkalemia

Epidemiology and pathogenesis

Hyperkalemia can occur in patients with cirrhosis as a

result of acute renal failure and/or diuretic treatment.

Hyperkalemia is observed up to 18% of patients treated

with antialdosterone antagonists or other potassium-

sparing diuretics [72]. It has been stated that the asso-

ciation of antialdosterone antagonists and loop diuretics

could reduce the onset of hyperkalemia [72]. The

pathophysiology of hyperkalemia in patients with cir-

rhosis and HRS is not different from that found in acute

oliguric renal failure of other etiologies. A reduced

secretion of potassium in the nephron and the

redistribution of potassium from cells into the extrac-

ellular fluid because of acidosis contribute to the devel-

opment of hyperkalemia in this setting.

Clinical consequences and diagnosis

Symptoms of hyperkalemia are nonspecific and include

fatigue, palpitation, paresthesias, and cardiac arrhyth-

mias. Electrocardiographic changes such as “peaked”

T-wave, PR prolongation, QRS widening, and atrio-

ventricular block are common. Severe hyperkalemia

is able to trigger life-threatening arrhythmias such as

ventricular fibrillation and asystole. Acid–base status

and renal function should be investigated to identify

precipitating causes.

Management

Aldosterone antagonists should be discontinued if the

serum potassium is higher than 6mmol/L [63]. The

goals of therapy are to stabilize membrane potential,

move potassium intracellularly, and eliminate potas-

sium from the body [74]. Patients with electrocardio-

graphic changes or serum potassium concentrations

higher than 7mmol/L should receive an intravenous

calcium infusion, which antagonizes the effect of potas-

sium on cardiac membrane potential. Calcium gluco-

nate 10mL as 10% solution should be infused over 2–5
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minutes and repeated in 10 minutes if there is no effect

seen on the electrocardiogram. Intracellular shift of

potassium can be achieved by insulin infusion. Ten

units of regular insulin may be administered intra-

venously along with an intravenous bolus of dextrose

(25 g as a 50% solution) [74]. Insulin should be used

without dextrose in hyperglycemic patients. Direct

elimination of potassium can be achieved by the admin-

istration of sodium polystyrene sulfonate, a cation

exchange resin. In the lumen of intestine, it exchange

sodium for secreted potassium. It may be given orally or

by retention enema, although the oral route is consid-

ered to be more effective [74]. The resin causes consti-

pation and, hence, should be administered with a

cathartic. Loop diuretics should be used in hypervole-

mic patients. Dialysis should be considered in patients

with severe hyperkalemia, renal failure, and no

response to medical therapy. The administration of

sodium bicarbonate could be useful in patients with

metabolic acidosis.

Disorders of magnesium and
phosphate homeostasis

Hypomagnesemia

Epidemiology and pathogenesis

Hypomagnesemiahasbeendescribed in9–11%ofpatients

with cirrhosis [75,76] and 30% of patients with chronic

alcohol abuse [77]. Approximately 99% of total body

magnesium (Mg2+) is intracellular, with only 1% present

in the extracellular space. As Mg2+ is predominantly

distributed intercellularly and in the bone, serum concen-

trations do not accurately reflect total body Mg2+ stores.

Parenteral Mg2+ tolerance testing is more accurate that

serumMg2+ in the evaluationof total bodyMg2+ but is not

routinelyused in clinical practice [75].Nevertheless,when

total body Mg2+ was evaluated with parenteral Mg2+

tolerance, Mg2+ deficiency was described in 73.7% of

patients with cirrhosis [75]. The main factors that can

cause hypomagnesemia in patients with cirrhosis are

reported in Table 18.3.

Hypomagnesemia may result from inadequate intake

(malnutrition, alcoholism), increased gastrointestinal

loss (chronic diarrhea, malabsorption syndrome, steator-

rhea, vomiting), or, most commonly, increased losses in

urine. Renal magnesium wasting can result from inhibi-

tion of magnesium reabsorption in the thick ascending

loop of Henle or distal convoluted tubule following

administration of loop diuretics. Hyperaldosteronism

has been associated with hypomagnesemia [78]. Mech-

anisms whereby aldosterone causes Mg2+ depletion are

unclear, but recently it has been suggested that altered

Mg2+ metabolism in hyperaldosteronism may relate to

transient receptor potential melastatin cation channels 7

(TRPM7) downregulation [79]. Furthermore, spirono-

lactone is able to improve Mg2+ reabsorption in patients

with secondary hyperaldosteronism [80]. Chronic alco-

hol abuse causes renal tubular dysfunction that leads to

increased fractional excretion of Mg2+ [77]. The renal

tubular dysfunction is reversible after 4 weeks of absti-

nence [77]. Recently, it has been reported that the

chronic use of proton pump inhibitors can lead to severe

hypomagnesemia due to decreased intestinal Mg2+

absorption [81]. Finally, hypomagnesemia has been

associated with insulin resistance and nonalcoholic

steatohepatitis [82].

Clinical consequences and diagnosis

Most patients with hypomagnesemia are asymptomatic.

Hypomagnesemia often coexists with other metabolic

disorders, such as hypocalcemia or hypokalemia. This

co-presentation makes it difficult to distinguish the clini-

cal manifestations related to the Mg2+ deficiency. Mani-

festations of severe hypomagnesemia include

hyperreflexia, tetany, and generalized seizures. The

most life-threatening cardiovascular effect of hypomag-

nesemia is ventricular arrhythmia. Although there are no

electrocardiographic findings consistently associated

Table 18.3 Main potential causes of hypomangesemia in patients

with cirrhosis.

Inadeguate intake of magnesium

Malnutrition

Alcoholism

Magnesium loss

Gastrointestinal loss

• Severe or chronic diarrhea

• Malabsorption syndrome

• Proton pump inhibitors

• Vomiting

Renal loss

• Diuretics (loop diuretics)

• Hyperaldosteronism

• Chronic alcohol consumption
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with hypomagnesemia, both ventricular and supra-

ventricular arrhythmias are associated with hypomagne-

semia. Hypomagnesemia and hypokalemia could induce

further prolongation of the QT interval in patients with

cirrhosis triggering torsade de pointes [83]. The presence

of precipitating factors (loop diuretics, alcohol consump-

tion, proton pump inhibitor use, prolonged vomiting,

malnutrition, K+ deficiency, calcium deficiency) should

be investigated before treatment.

Management

Patients with mild to moderate deficiency should be

treated with diet or oral Mg2+ oxide (400mg two or

three times daily) for as long as the risk factors for Mg2+

deficiency exist. Oral Mg2+ gluconate (500mg two or

three times daily) can also be used [84]. Parenteral

therapy is indicated for patients with symptomatic

hypomagnesemia and tetany or in the presence of

arrhythmias. Mg2+ repletion should be achieved by

intravenous administration of 2 g Mg2+ sulfate in

100mL 5% dextrose in water over 5–10 minutes and

followed by a continuous infusion of 4–6 g/day for 3–5

days if renal function is relatively normal [84]. Patients

with renal insufficiency should receive 25–50% of the

initial dose recommended for patients with normal

kidney function. Loop diuretics should be discontinued.

Aldosterone antagonists could be used because they can

increase Mg2+ reabsorption in the cortical collecting

duct [80]. Hypokalemia and hypocalcemia should be

treated.

Hypophosphatemia

Epidemiology and pathogenesis

Hypophosphatemia has been described in 40–50% of

hospitalized alcoholics [85–87]. Thus, it may occur also

in patients with alcohol-related liver disease who are

still drinking [88]. More recently, hypophosphatemia

has been described in 35% of alcoholics with alcohol-

related liver disease and in 29% of those without

alcohol-related liver disease [77]. However, cases of

severe or even life-threatening hypophosphatemia

have been described in patients with cirrhosis due to

other etiologies such as primary biliary cirrhosis [89] or

virus-related cirrhosis [90]. The main causes of hypo-

phosphatemia in patients with cirrhosis are reported in

Table 18.4.

Hyperventilation with respiratory alkalosis, associ-

ated with alcohol withdrawal or hepatic coma, can

causes a reduction of CO2 tension in extracellular fluid

as well as inside the cells. As a consequence of the

increase in intracellular pH, phosphofructokinase, the

rate-regulating enzyme of glycolysis, is activated, and

the rate of phosphorylation of glucose and its metabo-

lites increases, consuming phosphate ions [86]. Among

the other causes of hypophosphatemia, reduced renal

phosphate tubular reabsorption seems to be the major

one. A reduced renal phosphate tubular reabsorptive

capacity evaluated by means of maximum capacity for

reabsorption of phosphate to GFR (TmPO4/GFR) has

been found in 82% and 86% of alcoholics with hypo-

phosphatemia with and without alcohol-related liver

disease, respectively [88]. Although the reduced

TmPO4/GFR may be related to hyperparathyroidism

secondary to a deficit of vitamin D, whose prevalence is

high in these patients, more recent data support the

hypothesis that a proximal tubular dysfunction is

responsible and that an impairment of liver function

is not required for the development of this renal tubular

defect [88]. Hypophosphatemia and renal tubular func-

tion disappeared after 4 weeks of abstinence in alco-

holic patients [77]. A reduced renal phosphate tubular

reabsorptive capacity, as part of a more complex proxi-

mal tubular defect, is thought to be also the major

determinant of hypophosphatemia either in patients

with biliary cirrhosis [89] or in those with virus-related

cirrhosis with jaundice [90]. Nevertheless, hypophos-

phatemia may be precipitated in patients with cirrhosis

of any etiology or by infusion of glucose or amino acid

solution or by refeeding or hyperalimentation. All these

situations in fact stimulate the uptake of phosphorus in

the cells due to the stimulation of insulin release.

Table 18.4 Main potential causes of hypophosphatemia in

patients with cirrhosis.

Decreased intestinal absorption of phosphate

Vitamin D deficiency

Internal redistribution of phosphate

Respiratory alkalosis

• Alcohol withdrawal

• Hepatic coma

• Sepsis

Increased urinary excretion of phosphate

• Renal tubular defect (chronic alcoholism, jaundice, Fanconi’s

syndrome, drugs)

• Vitamin D deficiency
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Finally, a number of case reports suggest that in

patients with HIV infection, hypophosphatemia may

develop during treatment with tenofovir disoproxil

fumarate (TDF) as a result of a loss of kidney function

including reduced renal phosphate tubular

reabsorption [91]. This report was not confirmed by

a recent systematic meta-analysis in HIV patients.

Nevertheless, a renal tubular dysfunction has been

recently described in 15% of patients treated with

TDF or adefovir [92]. Thus, waiting for perspective

clinical studies, patients with HBV-related chronic liver

disease receiving long-term TDF should be monitored

for serum creatinine, phosphate, and calcium levels and

urinalysis [93].

Clinical consequences and diagnosis

Hypophosphatemia has been implicated in the devel-

opment of several complications: myopathy, congestive

cardiomyopathy, respiratory failure, neurologic dys-

function, and hemolysis [94–98]. To detect hyposphos-

phatemia in the alcoholic patient with or without

liver disease, serum phosphate levels should be eval-

uated at the time of admission and then every 24 hours

for the first 3–5 days, because the early phase of alco-

holic withdrawal is associated with a high rate of

respiratory alkalosis which is one of the causes of

hypophosphatemia.

Management

Specific information is not available on the beneficial

effects of phosphorus administration in patients with

cirrhosis. Nevertheless, oral phosphate salts with careful

clinical monitoring could be used to normalize serum

phosphate levels in these patients. Cow’s milk is a good

and easily accessible source of phosphate. It contains

1mg (0.032mmol) of elemental phosphate per milliliter.

Alternatively, oral preparations in the form of sodium

phosphate or potassium phosphate can be used. The

phosphate distribution varies among patients, so there

are no formulas to determine the magnitude of the

phosphate deficit, but the average patient requires

1000–2000mg (32–64mmol) phosphate per day for

7–10 days to replenish body stores. An important side

effect of oral phosphate supplementation is diarrhea [98].

Intravenous phosphate administration could be required

for symptomatic patients. However, caution is needed

because it can precipitate arterial hypotension,

hypocalcemia, volume excess, hypernatremia, metabolic

acidosis, and hyperphosphatemia [98].
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CHAPTER 19

Portopulmonary hypertension1

Rodrigo Cartin-Ceba and Michael J. Krowka
Division of Pulmonary and Critical Care Medicine, Mayo Clinic, Rochester, MN, USA

Introduction

Portopulmonary hypertension (PPH) is the well-recog-

nized relationship of pulmonary arterial hypertension

(PAH) that evolves as a consequence of portal hyper-

tension [1]. PPH is included within Group I of the

5th World symposium on pulmonary hypertension [2].

The first clinical and pathologic report of what we

now know as PPH was provided by Mantz and Craige

in 1951 [3]. These authors described necropsy results of a

53-year-old female with spontaneous portocaval shunt

(due to a probable congenital portal vein narrowing) that

originated at the confluence of the portal, splenic, and

mesenteric veins, coursed through to mediastinum and

was lined by varying amounts of thrombus thought to

have embolized via the innominate vein into the right

heart and pulmonary arteries. In addition to embolized

small pulmonary arteries, an extreme endothelial prolif-

eration and recanalization process was documented [3].

Since the 1980s, enhanced recognition and renewed

importance of PPH has evolved with the evolution of

liver transplantation (LT) and potential outcomes associ-

ated with PPH. Specific screening recommendations and

diagnostic criteria are now clearly defined for this syn-

drome. Despite the lack of randomized controlled trials

for its medical treatment, extrapolation of the therapeu-

tic advances in treating pulmonary artery hypertension

with specific effects in PPH has stimulated ongoing inter-

est and importance in this syndrome. This chapter

summarizes the most recent advances in the comprehen-

sive management of patients with PPH.

Definition

PPH is only one of the various pulmonary hemodynamic

patterns that complicate advanced liver disease [4,5] and

therefore the importance of accurate interpretation of

hemodynamics obtained by right heart catheterization

(RHC) is vital in order to provide appropriate manage-

ment. The vascular pathology that characterizes

PPH includes obstruction to arterial flow due to

vasoconstriction, endothelial and smooth muscle prolif-

eration, in situ thrombosis, and plexogenic arteriopa-

thy [6,7]; these changes increase the resistance to

pulmonary arterial blood flow which is the main mech-

anism of the disease. PPH is defined as amean pulmonary

artery pressure (MPAP) �25mmHg associated with pul-

monary vascular resistance (PVR) �240dyn/s/cm�5 and

pulmonary artery wedge pressure (PAWP) <15mmHg

based upon RHC. A summary of the diagnostic criteria

and severity classification of PPH is presented in

Table 19.1. It is also very important to recognize the

three main abnormal hemodynamic patterns that can be

present during RHC in patients with portal hypertension

(Figure 19.1):

1 Hyperdynamic circulatory state induced by liver

dysfunction;

1Materials appearing in this chapter prepared by individuals as part of their official duties as United States government employees are not

covered by the copyright of the book, and any views expressed therein do not necessarily represent the views of the United States

government. Such individuals’ participation in theWork is not meant to serve as an official endorsement of any statement to the extent that

such statement may conflict with any official position of the United States Government.
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2 Excess pulmonary venous volume due to diastolic

dysfunction and/or renal insufficiency (pulmonary

venous hypertension); and

3 Pulmonary artery hypertension due to vascular

obstruction [6].

Distinguishing these patterns is of paramount impor-

tant for adequate management and treatment.

Screening

Transthoracic echocardiography (TTE) has been the

most practical screening method to detect PPH [8–

10]. By assessing the tricuspid regurgitant peak velocity

(TR), estimating the right atrial pressure by inferior

vena cava changes with inspiration and using the

modified Bernoulli equation, an estimate of right ven-

tricle systolic pressure (RVSP) can be determined in

∼80% of patients with portal hypertension [8]. This

quantitative approach allows one to decide which

patients should proceed to RHC for the definitive char-

acterization of pulmonary hemodynamics. The pres-

ence of RVSP >50mmHg has been the cutoff criterion

to proceed to RHC in the current Mayo Clinic algorithm

followed since 1996 [5]; rarely, immeasurable TR with

abnormal qualitative right ventricular size or function

results in RHC. TTE was noted to have a 97% sensitivity

and 77% specificity to detect moderate to severe PAH

prior to LT [8].

Identifying which patients indeed have PPH, deciding

who needs PAH-specific therapy based on severity, and

determining the risks and timing for potential LT are

clinical issues based upon RHC results and are summa-

rized in Figure 19.2. Those PPH patients with MPAP

>35mmHg are particularly vulnerable to poor outcomes

with attempted LT, especially if there is no attempt to

treat the PPH with current PAH-specific therapy [11].

With current treatments, PPH outcomes are variable, yet

in highly selected PPH patients, with aggressive treat-

ment and successful LT, pulmonary hemodynamics

may completely normalize. Right ventricular size and

Table 19.1 Diagnostic and severity criteria for portopulmonary

hypertension.

Variable Criterion

Portal hypertension Clinical diagnosis (ascites, varices,

splenomegaly)

Mean pulmonary artery

pressure (MPAP)

�25mmHg; and

Pulmonary vascular resistance

(PVR)a
>240 dyn/s/cm�5

Pulmonary artery wedge

pressure (PAWP)

<15mmHg

Transpulmonary gradientb

(TPG)

>12mmHg

Degree of severity

Mild 25<MPAP< 35mmHg

Moderate 35�MPAP� 45mmHg

Severe 45mmHg�MPAP

TPG (MPAP–PAWP) distinguishes between simple volume excess caus-

ing increased MPAP and the pulmonary artery vasculopathy that

characterizes PPH.
a PVR= (MPAP–PCWP)×80/cardiac output.
b In the case where PAWP is >15mmHg (abnormal), an abnormal.

Figure 19.1 Pulmonary hemodynamic patterns documented by right heart catheterization in advanced liver disease. CO, cardiac

output; MPAP, mean pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; PPH, portopulmonary hypertension;

PVR, pulmonary vascular resistance.
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function normalizes and liberation from PAH-specific

therapy may be allowed.

Importantly, PPH should be distinguished from the

other major pulmonary vascular consequence of liver

disease, hepatopulmonary syndrome (HPS) [4,11]. In

HPS, arterial hypoxemia is caused by intrapulmonary

vascular dilatations (exactly opposite to the vascular

obstructions documented in PPH) that form as a remod-

eling process due to factors yet to be identified. In addi-

tion, the pulmonary hemodynamics associated with HPS

reflect a normal pulmonary vascular resistance and usu-

ally a high flow state characterized by an increased

cardiac output (CO). The distinction between these

two syndromes is summarized in Table 19.2 and is quite

important especially if LT is to be considered because of

the differences in risk and outcomes between these two

syndromes [11].

Epidemiology and natural history

It is unclear as to who coined the term “portopulmonary

hypertension”, but Yoshida et al. [12] appear to be the

first authors to use the term in 1993 as they described

the first successful case of PPH to undergo successful

LT (39-year-old male with long-standing chronic active

hepatitis). Subsequently, several small series and case

reports with autopsy results have described pulmonary

arterial obstruction and pulmonary plexogenic arterio-

pathy with and without thromboemboli [7,13–16]. Two

distinct pulmonary vascular obstructive patterns caus-

ing PAH in association with portal hypertension are

well described:

1 Chronic pulmonary emboli from spontaneous or sur-

gical portocaval shunts and/or in situ thrombus; and

2 A vasoconstrictive, proliferative endothelial/smooth

muscle process due to circulating mediators that

bypassed normal hepatic metabolism due to flow pat-

terns of portal hypertension.

Large series have confirmed the coexistence of these

portal and pulmonary vascular abnormalities and have

shown that they are not coincidental. An unselected

series of 17 901 patients documented PAH associated

with cirrhosis more than five times more frequently

than PAHwithout cirrhosis [17]. Within the 1981–1987

NIH national registry of “primary” pulmonary hyper-

tension from 32 centers reported by Rich et al. [18],

additional analyses by Groves et al. [19] concluded

that 8.3% likely had PPH (17/204; 187 had primary

pulmonary hypertension). Hadengue et al. [20] re-

ported the largest prospective study of patients with

portal hypertension (n= 507) in which portopulmo-

nary hemodynamic measurements concluded that

2% had PPH.

With the era of PAH-specific therapy and LT, prospec-

tive studies have focused on the frequency of PPH in

clinical settings, national registries, and individual trans-

plant center experiences. Humbert et al. [21] reported a

10.4% frequency of PPH (70/674) from 17 French

university hospitals pulmonary hypertension registry

Figure 19.2 Current PPH screening evaluation and treatment algorithm used at the Mayo Clinic. Contraindicated, high risk of

intraoperative event at graft reperfusion; LT, liver transplantation; MPAP, mean pulmonary artery pressure (normal <25mmHg);

NR, never reported; PVR, pulmonary vascular resistance [normal <240dyn/s/cm�5 (or 3 Wood units)]; RVSP, right ventricular

systolic pressure estimated by transthoracic echocardiography; RX, vasomodulating treatment advised prior to LT; Yes, risk to

proceed with liver transplant is minimal.
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clinic experiences over a 12-month period (2002–2003).

The US-based REVEAL Registry documented a 5.3%

PPH frequency (174/3; 525) in which there were 68%

prevalent and 32% incident cases satisfying the criteria

that MPAP >25mmHg and PVR >240 dyn/s/cm�5 with

PAWP <15mmHg [22]. Of interest were the additional

29 patients that satisfied MPAP and PVR criteria, but in

whom the PAWPwas>15mmHg; each of those patients

had a transpulmonary gradient >12mmHg (abnormal).

Following slightly different PVR diagnostic criteria as

part of outpatient RHC diagnostic assessments, the larg-

est PPH-liver transplant center experiences reported

to date are as follows: 8.5% (Baylor 102/1205; PVR

>120 dyn/s/cm�5), 6.1% (Clichy, France 10/165; PVR

>120 dyn/s/cm�5), and 5.3% (Mayo Clinic 66/1235;

PVR >240 dyn/s/cm�5) [5,23,24].

The natural history of PPH has been difficult to

characterize and has also been confounded by small

series from eras in which none of the current PAH-

specific therapies were available versus the current era

with the evolving PAH-specific therapies and LT expe-

riences. Robalino and Moodie [25] reported a dismal

5-year survival rate of 4% (n= 78) in an era prior to the

availability of continuous IV prostacyclin infusion.

Swanson et al. [26] reported a 14% 5-year survival

rate in PPH patients (n= 19) denied LT and not treated

with any of the current PAH-specific therapies. From

the French National Center for PAH (n= 154 over a

20-year span until 2004), Le Pavec et al. [27] described

1, 3, and 5-year survival rates of 88%, 75%, and 68%,

respectively, PPH patients (but mainly Child A and

alcoholic cirrhotics). Only one-third had been treated

Table 19.2 Distinctions between portopulmonary hypertension (PPH) and hepatopulmonary syndrome (HPS).

Variable PPH HPS

Presentation onset

Pediatric Rare Yes

Adult Most common Yes

Symptoms Exertional dyspnea

Chest pain/syncope

Exertional dyspnea

Clinical exam ↑Second heart sound

Systolic murmur

Clubbing/cyanosis

Systolic murmur

Genetic predisposition Yes Unknown

Liver diseases Autoimmune (common) No relation

Portocaval shunts Spontaneous (common) No relation

Child–Turcotte–Pugh classes No relation No relation

MELD scores No relation No relation

Lung biopsies Not indicated Not indicated

Chest radiograph Cardiomegaly

Enlarged central arteries

Normal

Electrocardiogram RBBB

T wave inversion V1–V4

Normal

Transthoracic echo ↑ RV size; ↓ RV function

+ shunt

Normal RV

++++ shunt

Arterial hypoxemia Mild May be severe

Abnormal overnight oximetry Common Common

Pulmonary hemodynamics ↑MPAP; ↑PVR ↑MPAP; normal PVR

Pulmonary angiography Enlarged central arteries

Distal pruning

Spongy appearance

Discrete AV communications (uncommon)

Liver transplant MELD exception if MPAP, PVR improved MELD exception if PaO2< 60mmHg

Causes of death Right heart failure

GI complications

GI complications

GI, gastrointestinal; MELD, Model end-stage liver disease; MPAP, mean pulmonary artery pressure; PVR, pulmonary vascular resistance; RBBB, right

bundle branch block; RV, right ventricle.
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with PAH-specific therapies with severity of cirrhosis

and reduced CO poor prognostic factors. Causes of

death in all series mentioned herein were equally

distributed between right heart failure due to PPH

and direct complications of liver disease (bleeding,

sepsis, hepatocellular carcinoma).

From the REVEAL registry (Registry to Evaluate

Early And Long-term pulmonary arterial hypertension

disease management) two important PPH observations

were reported [22]. First, PPH treatment patterns

reported in the REVEAL registry demonstrated that

the use of any PAH-specific therapy for PPH was

delayed compared with patients diagnosed with idio-

pathic pulmonary artery hypertension (IPAH). Specifi-

cally, at the time of entry into the registry only 25%

were on PAH-specific therapy; by the end of 12 months’

follow-up 74% of those alive were on treatment.

Second, although baseline hemodynamics in PPH

(MPAP and PVR) were significantly better than those

with IPAH, the 1 and 3-year survival rates were worse

(Figure 19.3); the 5-year survival rate for all PPH

patients was 40% versus 64% for IPAH. Liver disease

etiologies and causes of death were not determined in

the registry and survival was not analyzed by the type

of PAH-specific therapy.

Two caveats are important in characterizing the natu-

ral history of PPH. First, aside from one study evaluating

the effect of riociguat (a soluble guanylate cyclase stim-

ulator) in PAH [28], controlled randomized studies

evaluating PAH-specific therapies have excluded PPH

patients. This universal exclusion in the United States

further complicated the understanding of PPH outcomes

compared to other PAH disorders. Second, beginning in

2002, a higher priority for LT was an option for highly

selected patients with PPH in the United States [29].

Formalization of higher priority pulmonary hemo-

dynamic criteria were put forth in 2006 and standardized

in 2010. Only patients with moderate to severe PPH

(MPAP >35mmHg) who attained significant hemo-

dynamic improvement with PAH-specific therapy

(MPAP <35mmHg and PVR <400 dyn/s/cm�5) were

granted higher priority for LT. From 2002 through

2010, 155 PPH patients were granted such priority and

transplanted by regional review boards [30].

Etiology and pathogenetic
mechanisms

It is not clear why only 6–8% of patients with portal

hypertension develop PPH, which is indistinguishable

from the histopathology of other PAH phenotypes [6,7].

Based upon autopsy and lung explant studies, PPH is

characterized by a spectrum of obstructive and remodel-

ing changes in the pulmonary arterial bed. Initially,

medial hypertrophy with smooth muscle proliferation

and a transition to myofibroblasts has been documented.

Intuitively, this vasoconstrictive process could be res-

ponsive to pulmonary arterial vasodilator therapy. As

this proliferative pathologic process advances, platelet

Figure 19.3 Two-year survival patterns for portopulmonary hypertension (PPH) and idiopathic pulmonary artery hypertension

(IPAH) categorized by previous versus newly diagnosed at the time of entry into the registry. FPAH, familial pulmonary arterial

hypertension. (Krowka et al., 2012 [22]. Reproduced with permission of Chest.)
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aggregates, in situ thrombosis, intimal fibrosis, and

finally, taking a sporadic, web-like shape involving the

entire pulmonary arterial wall with recanalization for the

passage of pulmonary arterial blood [6,7]. This web-like

pathology is termed plexogenic arteriopathy and it is

unknown whether such structures are irreversible [7].

The factors leading to such pulmonary vascular

obstruction in the setting of liver disease are complex,

but originate from the development of portal hyper-

tension. The pulmonary vascular pathology occurs

within the context of a hyperdynamic state caused by

extrahepatic (splanchnic) vasodilatation [31]. It is

unknown if this persistent high flow state initiates

(by shear stress) or exacerbates (in combination with

circulating mediators) the pulmonary vascular prolifer-

ative process. Genetic predisposition may also have a

role because not all patients with portal hypertension

due to cirrhosis develop PPH [32]. It has been demon-

strated that the pulmonary endothelial cells lack pros-

tacyclin synthase in PPH patients (hence a lack of

prostacyclin vasodilatation) [33], the pulmonary vas-

cular bed is exposed to increased levels of circulating

endothlin-1 in the setting of cirrhosis (a potent vaso-

constrictor and facilitator of smooth muscle prolifera-

tion) [34,35], and may be deficient in local nitric oxide

effect (for vasodilatation) [36]. The role of other circu-

lating and receptor factors that may affect the pulmo-

nary endothelium is speculative. These factors include

vasoconstrictive/proliferative mediators such as sero-

tonin, thromboxane, vasoactive intestinal peptide, and

vascular endothelial growth factor (VEGF); as well as

the possible imbalance of endothelin receptors (ETA -

mediating vasoconstriction; ETB (mediating vaso-

dilatation) in the pulmonary arterial bed [36]. The

mechanistic link between estrogen signaling, serum

estradiol levels, circulating endothelial progenitor cells,

and the development of PPH is a current research

hypothesis of interest [37,38].

It is also hypothesized that, initially, the intrahepatic

injury leads to an intrahepatic increased resistance to

flow. Such injury evokes mediators that cause splanch-

nic vasodilatation via enhanced local nitric oxide effect

and presumed angiogenesis effect [31,39]. The splanch-

nic bed becomes hyporesponsive to vasoconstrictors;

excess volume occurs due to renal retention and a

hyperdynamic state is generated. This high flow exac-

erbates the existing portal hypertension due to

increased intrahepatic resistance to flow, leading to

the creation of alternative flow pathways: portocaval

shunts and esophagogastric varices. Presumably, such

aberrant pathways allow other mediators to reach the

pulmonary arterial bed and, in the setting of high flow,

“trigger” the pulmonary arterial proliferative process.

Therefore, in PPH, the resulting pulmonary hemo-

dynamics have been well-described: increased MPAP,

high CO, normal PCWP, but an increased calculated

PVR to the proliferative, obstructive process in the

pulmonary arterial bed. Note that if the pulmonary

vascular pathologic proliferative process does not occur,

only a high flow states exists with no obstruction to

flow with resultant normal calculated PVR. Marked

excess volume due to fluid retention may occur and

be reflected by increased PAWP. Depending upon the

existence of proliferation and the degree of such fluid

retention, an increase in both PVR and PAWP can be

seen, confusing the interpretation of pulmonary hemo-

dynamics [5]. In that scenario, which may occur in up

to 25% of PPH patients [31], the existence of obstruc-

tion to pulmonary arterial flow is manifested by an

increased transpulmonary gradient (MPAP–PAWP >12

mmHg). These patients should not be excluded from

the diagnosis of PPH due to high PAWP alone.

As the pulmonary vasoproliferative process prog-

resses, the increasing resistance to flow will at some

point begin to restrict the degree of cardiac output

flowing through the pulmonary vascular bed. Strain

on the right ventricle will be seen with dilatation of the

right ventricle and reduction in systolic function (as

measured by reduced longitudinal contractility). Pro-

gressive reduction in cardiac output will then evolve

with right heart failure leading to hepatic venous

engorgement and worsening portal hypertension.

Death from either right heart failure or portal hyper-

tension complications will occur if no PAH-specific

therapeutic intervention is attempted [31].

Clinical manifestations

The predominant presenting symptom of PPH is dysp-

nea on exertion or at rest. The presence of chest pain

and syncope are symptoms suggestive of severe

PPH [31]. As other reasons for dyspnea include ascites,

anemia, fluid retention, and muscle wasting – all man-

ifestations of advanced liver disease – the consideration

of PPH as a diagnosis may be overlooked. Physical
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findings in PPH may be absent or subtle and non-

specific; however, some important findings may be

noted such as the presence of hyperdynamic precor-

dium, an accentuated second heart sound (best heard at

the apex) reflecting forceful closure of the pulmonic

valve due to high pulmonary artery pressures, and a

systolic murmur during right ventricular systolic func-

tion due to tricuspid valve regurgitation. With severe

PPH there may be marked distension of the jugular

veins, peripheral edema, ascites, and a right ventricular

third heart sound (S3). The lung examination is usually

normal and it is quite uncommon to have clubbing or

cyanosis (as seen in HPS). Mild hypoxemia is common

and often associated with abnormal overnight pulse

oximetry. Rarely is severe hypoxemia documented,

as opposed to being commonly seen in HPS [31].

The chest radiograph usually demonstrates cardio-

megaly and enlargement of the central pulmonary

arteries as the duration and severity of PPH progresses

(usually over many months) [31]. The electrocardio-

gram may show right ward electrical axis, right bundle

branch block pattern and, when PPH is severe, the

presence of inverted T-waves in the precordial V1–V4

leads can be seen which suggests severe effect on the

right ventricle. Although rare, it is important to rule out

chronic pulmonary emboli as a cause of pulmonary

artery hypertension even in the setting of liver disease,

especially in the setting of portal vein and hepatic vein

thromboses. Pulmonary function tests are usually not

helpful in the diagnosis or management because a

common abnormality seen in PAH, a reduced single

breath diffusing capacity, is frequently seen in most

patients with advanced liver disease.

At least one study has suggested that autoimmune

liver disorders (primary biliary cirrhosis, and cirrhosis

from autoimmune hepatitis) and female gender aremore

frequently associated with PPH [40]. Mainly affecting

adults, PPH has been reported in the pediatric age

group [31]. The presence of spontaneous portocaval

shunts is more frequent in those with PPH; patients

with previous surgical portocaval shunts have a high

frequency of PPH years after that surgery [41–43]. Sple-

nectomy accomplished during portocaval shunt surgery

may also be a risk factor for PPH [44]. Other disorders

that affect the liver may cause pulmonary hypertension.

Of particular concern is the Rendu–Osler–Weber syn-

drome, also called hereditary hemorrhagic telangi-

ectasia [45]. In this syndrome there can be numerous

intrahepatic arteriovenous communications within the

liver causing a high flow state (with normal PVR and

leading to right heart failure). Liver transplant can ame-

liorate the right heart failure, as well as reduce the

frequency and severity of epistaxis [45]. Finally, there

appears to be no relationship to the existence or severity

of PPH with the severity of liver dysfunction as charac-

terized by the Child–Turcotte–Pugh or Model for end-

stage liver disease (MELD) scores [20,31].

Important similarities and differences between PPH

and other phenotypes of PAH exist. Compared with

IPAH, PPH is characterized by higher CO and generally

less degrees of severity as measured by MPAP and

PVR [22,46]. In addition, PPH patients not infrequently

have a history of splenectomy which may be an inde-

pendent factor to develop PAH [44]. Finally, it is not

uncommon for patients to have an initial diagnosis of

IPAH, to later determine because of thrombocytopenia

and other imaging (even in the setting of normal liver

function tests) that portal hypertension exists and PPH is

the correct diagnosis.

Medical treatment

The management of PPH includes an emergent number

of different therapeutic agents. The immediate goal of

PAH-specific treatment for PPH is to improve pulmonary

hemodynamics by reducing the obstruction to pulmo-

nary arterial flow. This can be accomplished by medica-

tions that selectively or in combination result in

vasodilatation, antiplatelet aggregation, and antiprolifer-

ative effects [31]. These goals may be attained by aug-

menting the lack of pulmonary endothelial prostacyclin

synthase deficiency (prostacyclin infusion), blocking cir-

culating endothelin-1 effects (endothelin receptor antag-

onists), and enhancing local nitric oxide vasodilatation

effects (phosphodiesterase inhibitors) [31]. The ultimate

goal, in addition to favorably affecting pulmonary hemo-

dynamics (↓ MPAP, ↓ PVR, and ↑ CO), is to stabilize,

improve, or normalize right ventricular function.

Uncontrolled, small series and recent case reports

have demonstrated that PAH-specific therapies used

for other types of PAH could be beneficial for patients

with PPH (Table 19.3) [47–63]. It is important to stress

that improvements in both MPAP and PVR are the

ideal goals in treating PPH. However, MPAP may not

decrease asmuch as desired as increases inCOassociated
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with reduced obstruction to flow (measured by

decreased PVR) will result in higher flow (and subse-

quent pressure).

Prostacyclins

The most dramatic PAH-specific therapy effects in PPH

havebeenwith theuseof continuousprostacyclin infusion

via a central catheter and oral endothelin receptor

antagonists. In a summary of 48 patients treated with

intravenous epoprostenol from five studies, MPAP de-

creased by 25% (48→ 36mmHg, PVR decreased by

52% (550→262 dyn/s/cm�5) and CO increased by

38% (6.3→ 8.7L/min; P< 0.01)) [13,46–50]. Other pros-

tacyclins (intravenous treprostinil and inhaled iloprost)

have resulted in significant pulmonary hemodynamic

improvement in PPH [56,60,62].

Endothelin receptor antagonists

Regarding the use of endothelin receptor antagonists,

Hoeper et al. [55] documented 1 and 3-year survival

rates of 94% and 89% in 18 patients with PPH and

Child A severity liver disease using the nonselective

endothelin antagonist bosentan. No liver toxicity was

noted. However, Eriksson et al. [49] have correctly

warned about potential liver toxicity with the use of

bosentan, occurring in up to 10% of patients without

documented PPH. Although Kahler et al. [57] have

reported success in PPH with the use of a selective

endothelin receptor antagonist (ETA) sitaxsentan, this

medication was never approved in the United States,

has been associated with fatal hepatic failure, and was

withdrawn from the market in late 2010. Cartin-

Ceba et al. [48] reported 13 PPH patients using the

ETA receptor antagonist ambrisentan (10mg/day) and

documented at 1 year improvement in each of eight

PPH patients (MPAP 58→ 41mmHg and PVR 445→

174 dyn/s/cm�5; P= 0.004); of note was that five of

eight patients normalized their PVR. In further support

of ambrisentan in PPH, Halank et al. [52] described

significant improvement in both exercise capacity and

Table 19.3 Pulmonary vasodilator use in portopulmonary hypertension.

Study first author (medication) Number of patients Comments

Endothelin receptor antagonists

Hoeper [55] (bosentan) 18 1- and 3-year survival rates 94% and 89%, respectively

Cartin-Ceba [48] (ambrisentan) 13 At 1 year, MPAP and PVR improved in 8/8; PVR normalized in 5

Savale [64] (bosentan) 34 Event free survival estimates were 82%, 63%, and 47% at 1, 2,

and 3 years, respectively

Phosphodiesterase inhibitors

Reichenberger [61] (sildenafil) 12 Improvement at 3 months; not sustained at 1 year

Gough [51] (sildenafil) 11 PVR decreased in all at first RHC follow-up

Hemnes [53] (sildenafil) 10 At 1-year MPAP and PVR decreased in 3/5 patients

Prostacyclins

Kuo [59] (IV epoprostenol) 4 MPAP and PVR improved

Krowka [58] (IV epoprostenol) 15 15 MPAP and PVR improved

Ashfaq [47] (IV epoprostenol) 16 Successful LT in 11 patients; 5-year survival 67%

Fix [50] (IV epoprostenol) 19 PVR improved in 14/14; MPAP improved in 11/14

Sussman [63] (IV epoprostenol) 8 MPAP and PVR improved in 7/8

Sakai [62] (IV treprostinil) 3 Successful LT in two patients (moderate portopulmonary

hypertension)

Hoeper [55] (inhaled iloprost) 13 1- and 3-year survival rates 77% and 46%, respectively

Melgosa [60] (inhaled iloprost) 21 Acute, but no long-term hemodynamic improvement

Combination therapy

Hollatz [56] (sildenafil and protacyclins) 11 MPAP and PVR improved in all patients, all underwent LT and 7/

11 are off PAH-specific therapy

Raevens [83] (sildenafil and bosentan combined in 6

patients, 1 patient only on prostacyclins)

7 MPAP and PVR improved in the 5/6 patients treated with

combination of sildenafil and bosentan, 2 underwent LT

IV, intravenous; LT, liver transplantation; MPAP, mean pulmonary artery pressure; PVR, pulmonary vascular resistance.
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symptoms in 14 PPH patients. Importantly, neither of

the uncontrolled ambrisentan studies was associated

with hepatic toxicity. This may be due to the differences

in chemical structure (ambrisentan–propionic acid;

bosentan and sitaxsentan–sulfa base) and distinct

hepatic metabolic pathways [54]. More recently, Savale

et al. [64] described 34 patients with PPH treated with

bosentan documenting significant hemodynamic

improvement and event-free survival estimates were

82%, 63%, and 47% at 1, 2, and 3 years, respectively.

Phosphodiesterase-5 inhibitors

PDE-5 inhibitors prevent the breakdown of cyclic gua-

nosine monophosphate, the mediator of nitric oxide-

induced vasodilatation. The use of PDE inhibition (sil-

denafil) to enhance nitric oxide vasodilating effect

either alone or in combination with other PAH-specific

therapies has successfully improved PPH pulmonary

hemodynamics and facilitated successful LT, with

most experiences being in those with less severe

PPH [51,53,61].

Other therapies

The dramatic hemodynamic improvement with the

6-week addition of imatinib 400mg/day (a tyrosine

kinase inhibitor) to pre-LT IV epoprostenol and post-LT

bosentan therapy, resulted in liberation of all PAH-specific

medications and normalization of right ventricular func-

tion 1 year post-LT. This observation suggests a possible

fourth pathway of PAH-specific therapies effectiveness

(blocking platelet-derived growth factor receptors) in

treating PPH [65].

The use of beta-blockers or transjugular intrahepatic

portosystemic shunting (TIPS) in the setting PPH may

be problematic. The former, used to prevent gastro-

intestinal bleeding by reducing the degree of portal

hypertension, may impair needed right ventricular func-

tion. In moderate to severe PPH (n= 10; mean MPAP

52mmHg), withdrawal of beta-blockade increased CO by

28%, decreased PVR by 19%, with no change in MPAP,

and increased 6-minute walk test results by 79m [66].

TIPS, as a treatment for uncontrollable gastrointestinal

bleeding or refractory ascites, can temporarily increase

MPAP, CO, and PVR. In a study of 16 cirrhotic patients

without pulmonary hypertension, the increase in MPAP

was greater than that noted in CO, suggesting an increase

in the PVR after TIPS [67]. Such changes remained for at

least 30 days post-TIPS and reflected neurohumoral

effects as opposed to increased preload. A significant

increase in right ventricular work was documented

and the potential effect on right ventricular function

could be deleterious in patients with pre-existing

PPH [68].

Liver transplantation

The majority of patients with PPH have cirrhosis and LT

is a potentially curative intervention. Over 6000 LTs

were accomplished in the United States in 2013; as of

mid-2014, there were approximately 16 000 patients

on the wait list in over 120 US liver transplant centers

(www.unos.org and http://optn.transplant.hrsa.gov/).

Assuming up to 8.5% of LT candidates have PPH, at any

point in time there may be ∼1300 PPH-LT candi-

dates [27]. The outcome of PPH following LT remains

unpredictable despite screening, careful patient selec-

tion, higher priority for LT, and advances in single and

combination PAH-specific therapies (Table 19.4) [69–

78]. Current policy adopted by the American Associa-

tion for the Study of Liver Diseases (AASLD) calls for

screening TTE to detect pulmonary hypertension in

every patient considered for LT in the United

States [79]. This policy originated from documentation

that PPH was first diagnosed in the operating room in

65% of patients (n= 43; 18 peer-reviewed studies)

reported in a literature review with a 35% mortality

rate in patients subsequently transplanted; pre-LT

MPAP >35mmHg (untreated) was associated with

higher mortality [80]. Studies by Castro et al. [71],

Starkel et al. [77], and Saner et al. [75] reported first

diagnosing PPH in the operating room after anesthesia

induction (in eras prior to current PAH-specific thera-

pies), noting that mild to moderate PPH patients (MPAP

<35mmHg) do quite well without pre-LT PAH-specific

therapy intervention. The goal of screening is to iden-

tify and pre-LT treat those who have the highest risk of

cardiopulmonary adversity during and after LT. Pulmo-

nary hemodynamics in LT candidates may change over

time, therefore repetitive screening (every 12 months)

is highly appropriate [23].

Effective PAH-specific therapy has resulted in success-

ful LT and liberation from pre-LT PAH-specific therapy

(Table 19.4). Importantly, it is to be stressed that a key

moment during the LT procedure is with reperfusion

when preload can increase, cytokines may be released,
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thrombi may migrate into the pulmonary circulation,

and intraoperative death follows from acute right heart

failure [81].

Although supporting data are limited, LT programs in

the United States now allow higher priority to conduct LT

if pulmonary hemodynamics can be significantly

improved andmeet standardizedMELD exception guide-

lines. Current treatment targets for PPHMELD exception

in the United States are shown in Table 19.5. The inten-

tion and results of such recent policy in the US transplant

programs has been the hope not only to interrupt the

natural history of PPH (reduce waitlist death), but also

improve post-LT survival and liberate patients from PAH-

specific therapy after successful LT if pulmonary hemo-

dynamics have normalized (Table 19.4).

Although the role of LT in the setting of PPH is

evolving with experience, the recognition that severe

PPH (measured hemodynamically and qualitatively by

echocardiography) can resolve post-LT with aggressive

pre-LT PAH-specific therapy is quite remarkable.

Although preliminary observations are encouraging,

the normalization of pulmonary hemodynamics post-

LT does not necessarily equate to pulmonary vascular

pathology resolution or long-term stability. Finally, it

should be noted that clinically significant PAH could

develop de novo following LT (i.e., normal pulmonary

hemodynamics are noted at the time of LT) for reasons

that are clearly not understood [82].

Table 19.4 Liver transplant outcomes in the setting of portopulmonary hypertension.

Outcome References

PPH Wait-list mortality [23,50,51,63]

PPH MELD exception pre-LT [30,63]

Case canceled in operating room [24,59,72,80]

Intraoperative death [24,26,27,30,74,80]

Transplant hospitalization death [24,30,47,73–75,77,78,80]

PPH Post-LT

resolved; PAH-specific discontinued [30,47,48,50,51,56,62,63,65,70]

resolved/stable without PAH-specific therapy [12,23,47,71,77]

improved/stabilized/PAH-specific therapy continued [30,50,53,56,61–63,69]

progressive despite PAH-specific therapy [24]

Late death not due to PPH [24,26,47]

Late death due to PPH [24,27]

Multiorgan (H-Lu-Lv; Lu-Lv transplant)a [76]

De novo PAH post-LTb [82]

aH-Lu-Lv, heart, double lung, liver; Lu-Lv, double lung, liver transplants. It is noted that multiorgan transplants have been reported in the literature

cystic fibrosis, alpha-1 antitrypsin deficiency and sarcoidosis, but these entities also affect lung parenchyma and many cases were accomplished in the

era prior to current PAH-specific medications, therefore were not included herein.
bPAH, pulmonary artery hypertension; a literature review of 13 such cases.

Table 19.5 Model end-stage liver disease exception criteria for

portopulmonary hypertension.

1 Moderate to severe PPH diagnosis confirmed by right heart

catheterization

(a) MPAP �35mmHg

(b) PVR �240dyn/s/cm�5

(c) PAWP �15mmHg

2 PAH-specific therapy initiated; improvement documented

(a) MPAP <35mmHg

(b) PVR <400dyn/s/cm�5 a

(c) Satisfactory right ventricular function by transthoracic echo-

cardiography

3 MELD exception updated every 3 months

(a) Give additional MELD exception if RHC data satisfies criteria 2

MELD, Model end-stage liver disease; MPAP, mean pulmonary artery

pressure; PAH, pulmonary arterial hypertension; PAWP, pulmonary

artery wedge pressure; PPH, portopulmonary hypertension; PVR, pul-

monary vascular resistance; RHC, right heart catheterization.
a If PVR is normal, higher MPAP may be allowed and reconsidered due

to physiology that is now high flow rather than obstruction to flow due

to the therapy.
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Conclusions

PPH is an uncommon and serious yet treatable pulmo-

nary vascular consequence of portal hypertension. Pre-

senting as exertional dyspnea, PPH may lead to right

heart failure and death if untreated. There is no relation-

ship between the existence and degree of PPH and the

severity of advanced liver disease. Due to the spectrum of

pulmonary hemodynamic changes associated with

hepatic dysfunction, screening by transthoracic echo-

cardiography and confirmation by RHC is necessary

for accurate diagnosis and therapeutic considerations.

Despite the lack of controlled studies, PAH-specific thera-

pies in PPH can significantly improve pulmonary hemo-

dynamics and right ventricular function. The potential to

“cure” PPH, at least hemodynamically, with a combina-

tion of PAH-specific therapy and LT appears to be an

attainable goal in a cohort of PPH patients yet to be

optimally characterized. Controlled multicenter studies

and long-term follow-up post-LT are needed.
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CHAPTER 20

Cirrhotic cardiomyopathy
Hongqun Liu and Samuel S. Lee
University of Calgary Cumming School of Medicine, Calgary, Canada

Introduction

Scientists and clinicians have gradually come to realize

the importance of the abnormalities in the cardio-

vascular system in patients with cirrhosis or portal

hypertension. Although the circulation becomes hyper-

dynamic when stressed, characterized by increased

cardiac output and decreased peripheral vascular resist-

ance and arterial pressure, the ventricular response is

blunted, manifested by depressed contractile respon-

siveness and altered diastolic relaxation. The blunted

response plus electrophysiologic abnormalities are

termed “cirrhotic cardiomyopathy.” Cirrhotic cardio-

myopathy is generally latent and overt heart failure

is rare because in cirrhosis the characteristic vasculature

is systemic vasodilatation that reduces cardiac afterload

thus “autotreating” the ventricle. However, major

stresses on the cardiovascular system such as hemor-

rhage [1], infections [2], insertion of transjugular intra-

hepatic portosystemic shunt (TIPS) [3], and liver

transplantation [4] can further damage the heart and

unmask the presence of cirrhotic cardiomyopathy

and thereby convert latent to overt heart failure [5].

Taking liver transplantation for example, 25–70% of

patients develop cardiovascular complications after

orthotopic liver transplantation [6]. Up to 56% of

transplant recipients have pulmonary edema following

surgery [7]. Moreover, cardiac causes are one of the

leading causes of death post-transplantation (23%) [6].

The importance of cirrhotic cardiomyopathy has even-

tually been recognized. This chapter briefly elucidates

the whole picture of cirrhotic cardiomyopathy.

Pathology

The abnormalities of the heart in cirrhosis were first

described in autopsies 6 decades ago [8] and later

confirmed by other studies [9,10]. The gross change

includes myocardial hypertrophy, histologic abnormal-

ities include cardiomyocytes, edema, fibrosis, exuda-

tion, nuclear vascuolation, and pigmentation. Lunseth

et al. [11] documented a subgroup of 12 of 108 autop-

sied patients in whom they found idiopathic ventricular

hypertrophy and vascular dilatation. Interestingly, car-

diac hypertrophy seems to occur in the early and

moderate stages of cirrhosis; patients with advanced

cirrhosis mitigated the cardiac mass increase [11]. This

phenomenon was further confirmed by Pozzi et al. [12]

with echocardiography and color echo Doppler. They

found that left ventricle wall thickness was increased to

peak value and decreased in cirrhosis with tense ascites,

both right and left atria and right ventricle diameters

were significantly greater than controls.

Pathophysiology

Mechanistic changes

The mechanistic changes in cirrhotic cardiomyopathy

include decreased density of β-adrenergic receptors,

changes in membrane lipid content and membrane flu-

idity, and membrane ion channels such as calcium and

potassium channels. Collagen shifts from type III to I

(from compliant to a less compliant isoform) also impact

diastolic function in the cirrhotic heart [13].
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Early investigators noticed that patients with cirrhosis

have attenuated cardiovascular responses to endogenous

and exogenous catecholamines [14]. Since the β-

adrenergic receptor system is the main determinant of

ventricular contractility, investigators suspected that the

β-adrenergic receptor system of the heart may be abnor-

mal in cirrhosis.

Because of the difficulties in obtaining human heart

tissue, Gerbes et al. [15] evaluated β-adrenoceptors on

human lymphocytes to reflect the status of cardiac

β-adrenoceptors. They found that lymphocyte β-

adrenoceptor density was significantly lower in patients

with cirrhosis and ascites. Later, using the bile duct

ligated (BDL) cirrhotic rat model, it was found that

cardiomyocyte sarcolemmal plasma membrane β-

adrenoceptor density was significantly decreased [16],

while the binding affinity of β-adrenoceptor to isopro-

terenol was unchanged [16,17]. Moreover, it was

found that the β-adrenoceptor signal transduction

pathway was impaired at different levels, including

membrane content and function of the stimulatory

G-protein [18], uncoupling of the receptor–ligand com-

plex from G-protein [17], and impaired activity of the

adenyl cyclase enzyme [18,19]. Using microarray,

Ceolotto et al. [20] found that the β-adrenergic signal-

ing pathway is impaired in the post-receptor cascades

which included a significant overexpression of G-pro-

tein alpha-inhibiting subunit 2 (Gαi2), cyclic nucleotide

phosphodiesterase (PDE2a), regulator of G-protein sig-

naling 2 (RGS2), and downexpression of adenylate

cyclase (Adcy3). These post-receptor cascade altera-

tions favor cardiac contractile inhibition and therefore

have an important role in cirrhotic cardiomyopathy.

The membrane lipid composition is changed in the

cirrhotic heart. The increased cholesterol elevated the

cholesterol: phospholipid ratio, which determined the

membrane lipid biophysical characteristics. The more

rigid membrane in cirrhotic heart limited the move-

ment of the protein receptors embedded in the plasma

membrane and, thus, hampered the coupling process

between G-proteins and the β-adrenergic-receptor–

ligand complex which results in abnormal cardiac

contractility [17].

Another mechanistic change is in the ion channels in

the membrane. Using bile duct-ligated rats, Ward

et al. [21] found reduced expression and density of

L-type Ca2+ channels in cirrhotic cardiomyocytes and

the inward cellular calcium current in these

cardiomyocytes was decreased. As is well known, intra-

cellular calcium handling is the key factor to determin-

ing the contraction of cardiomyocytes, therefore the

reduced L-type Ca2+ channel and inward cellular cal-

cium current contribute to the depressed cardiac con-

tractility in cirrhotic heart. Interestingly, in a model of

portal vein-ligated (PVL) rats, Zavecz et al. [22] found a

similar phenomenon; the density of L-type Ca2+ chan-

nels in heart from PVL was significantly decreased and

L-type Ca2+ channels together with the sarcoplasmic

reticulum Ca2+ pool were the cause of changed exci-

tation–contraction coupling. The decreased density of

potassium currents in ventricular myocytes mainly

contribute to prolonging the QT interval [23].

Contractile inhibitory factors

There are many contractile inhibitory factors in cir-

rhotic cardiomyopathy such as tumor necrosis factor

α (TNFα) [24], endocannabinoid [25], nitric oxide

(NO) [26], carbon monoxide [27], and oxidative stress.

These inhibitors have an important role in the

depressed contractility of cirrhotic heart.

TNFα is increased in serum [24] and heart

(unpublished data) in cirrhosis. Using gene knockout

or antibody to eliminate TNFα, Yang et al. [24] dem-

onstrated the improved cardiomyocyte contractility in

cirrhotic heart. Furthermore, when incubated cardio-

myocytes isolated from sham operated mice with TNFα,

the cell contraction and relaxation velocities were sig-

nificantly depressed. These results clearly demonstrated

the inhibitory effects of TNFα on cardiac contractility.

Endocannabinoid was significantly increased in cir-

rhotic rats [28] not only systematically, but also locally

in the heart [29]. Western blot analysis showed that the

quantity of cannabinoid receptor-1 (CB-1) has no

change in cirrhotic heart [25,29], the local increase

of endocannabinoid results in the cardiac contractile

inhibition in cirrhotic heart. CB-1 receptor antagonist

significantly improved cardiac contractility both in vivo

and in vitro [25,29], while endocannabinoid uptake

blockers inhibited cardiac contractility [25]. The nega-

tive inotropic effect of NO on cardiac contractility in

cirrhosis is via guanosine 3,5´-cyclic monophosphate,

NO inhibitor nitro-L-arginine methyl ester significantly

improved the inhibited cardiac contractility in cirrhotic

heart [26]. Another gas molecule, carbon monoxide,

also has a significant role in contractile abnormality in

cirrhotic cardiomyopathy [27]. Oxidative stress has
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been confirmed to have an important role in heart

failure [30], Fernando et al. [31] verified that oxidative

stress was significantly increased in the rat model of

portal hypertension. We found not that only the oxi-

dative stress was significantly increased in cirrhotic

heart, but also the antioxidant gene was downregu-

lated. Erythropoietin not only significantly decreased

oxidative related DNP-derivatized protein but also acti-

vated antioxidant gene, nuclear factor (erythroid-

derived 2)-like 2(Nrf2). Erythropoietin thus exerts car-

dioprotective effects [32].

Clinical features

For clinical features see Table 20.1.

Systolic dysfunction

The circulation of cirrhotic patients is hyperdynamic

which includes lower mean arterial pressure (MAP),

lower systemic vascular resistance (SVR), and higher

cardiac output. It is well accepted that cardiac function

is normal in most patients at rest due to peripheral

vasodilatation [39,40], However, when challenged, the

systolic dysfunction is revealed. Wong et al. [41] found

that under the challenge of peak physical exercise,

the heart rate, ejection fraction, and cardiac index

were significantly decreased in cirrhotic patients com-

pared with control subjects; these decreases are more

pronounced in decompensated patients and were not

related to the etiology of the cirrhosis. Limas et al. [42]

infused angiotensin to correct the decreased peripheral

Table 20.1 Clinical feature and prognosis of cirrhotic cardiomyopathy.

Clinical

feature

Prognosis Evidence Comments Reference

Diastolic

dysfunction

High mortality after

TIPS insertion

E/A <1 at day 28 post-TIPS

predicted 1-year survival (60%

mortality)

E/A ratio might be a useful predictor in

patients who receive TIPS

Cazzaniga et al.

(2007) [33]

Mortality after TIPS

insertion

E/A <1 at baseline predicted

5-year survival (60% mortality)

Large two-center study; day-28 post-TIPS E/A

not available

Rabie et al.

(2009) [34]

Poor diuresis after

TIPS insertion

E/A �1 at baseline associated

with slow/poor diuresis post-TIPS

Diastolic dysfunction impedes the increase of

CO after TIPS, “underfilling” vascular slows

clearance of the ascites

Rabie et al.

(2009) [34]

Low cardiac

output or

systolic

dysfunction

Patients with low CI

have high mortality

The one year mortality was 63%

in patients with CI <1.5 l/min/m2

Of 24 patients, the group with the lowest

CO had highest mortality at all time points

examined

Krag et al.

(2010) [35]

Lower CO

precipitates or

aggravates HRS

post-SBP

Six out of eight patients (75%)

with low CO and HRS died after

infection resolution

Of 23 patients, 8 developed HRS; this group

had lower CO which declined further after

infection resolution

Ruiz del Arbol

et al.

(2003) [36]

Lower CO

Precipitates

hepatorenal

syndrome

Of 66 patients, 27 who went on

to develop HRS during follow-up

had lower CO

Decreased CO and MAP were more

pronounced in the HRS group

Ruiz del Arbol

et al.

(2005) [37]

Overt left

ventricular

failure

Poor outcomes

post-liver

transplantation?

Reversible LVF occurred in 7/754

patients post-transplant

True prevalence of LVF may be higher than

1% reported in this retrospective series

Sampathkumar

et al.

(1998) [38]

QTc

prolongation

Unclear; risk of

torsade de pointes

arrhythmia?

Found in 30–60% of patients

with advanced cirrhosis

Probably subclinical but no large prospective

study to date

(Many studies)

CI, cardiac index; CO, cardiac output; E/A, ratio of early- to late-diastolic filling wave velocity; HRS, hepatorenal syndrome; LVF, left ventricular failure;

MAP, mean arterial pressure; QTc, corrected QT interval; SBP, spontaneous bacterial peritonitis; TIPS, transjugular intrahepatic portosystemic shunt.
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vascular resistance back to within a normal range, and

found that the pulmonary wedge pressure was in-

creased tremendously but the cardiac output did not

change. Using ouabain, a short-acting cardiac glycoside,

the same group demonstrated that this significantly

shortened the total electromechanical systole, pre-

ejection period, and left ventricular ejection time in

normal volunteers. Ouabain has no effect on systolic

time intervals and cardiac output in cirrhotic pati-

ents [42]. Mikulic et al. [43] showed that the infusion

of dobutamine, a β1-adrenergic receptor agonist, did

not change cardiac stroke volume significantly in cir-

rhotic patients. Isoproterenol, a β-adrenergic receptor

agonist, required a higher dose to increase 25 beats/

minute in cirrhotic patients compared with control

volunteers [44]. Lee et al. [16] infused isoprenaline

to test the cardiac response and found that compared

with sham-operated controls, cirrhotic rats needed a

significantly higher dose (four times) of isoprenaline to

raise basal heart rate by 50 beats/min and that the

maximal chronotropic response in cirrhotic rats was

30% lower than that in controls. Krag et al. [45] inves-

tigated the effects of terlipressin on the cardiovascular

system in cirrhotic patients. They found that terlipressin

increased end diastolic and end systolic volumes, MAP

and SVR, but there were no increases in stroke volume

or ejection fraction. The total effects on heart were to

decrease cardiac output and cardiac index. The reduc-

tion in wall motion and wall thickening is related to the

severity of the liver disease. Krag et al. concluded that

the suppression of cardiac systolic function is related to

the degree of hepatic decompensation [45]. The TIPS

procedure leads to a sudden increase in cardiac preload.

The exact risk of precipitating acute congestive heart

failure after TIPS insertion remains inconclusive.

Huonker et al. [3] found that TIPS increased right atrial

pressure, mean pulmonary artery pressure, pulmonary

capillary wedge pressure, left atrial diameter, and left

ventricular end diastolic volume. Braverman et al. [46]

reported that TIPS caused high-output congestive heart

failure; Gines et al. [47] showed that 12% of the

patients with TIPS developed heart failure. A recent

study by Pimenta et al. [48] showed that systolic func-

tion was impaired in those whose brain natriuretic

peptide (BNP) was elevated even at rest.

As techniques improve, the conception of “normal

cardiac function” in cirrhotic patients at rest is

challenged. Unlike conventional two-dimensional

echocardiography, which detects fluid movement,

tissue Doppler perceives tissue dynamics. Using tissue

Doppler, a newer echocardiographic modality, Kazankov

et al. [49] demonstrated that myocardial dysfunction is

present even at rest. They found that both systolic

and diastolic myocardial functions were compromised

in cirrhotic patients at rest. Left ventricular ejection

fraction (LVEF), mean peak systolic tissue velocity, and

mean systolic strain rate were all reduced in cirrhotic

patients.

Diastolic dysfunction

Unlike systolic function, which is considered to be

“normal” at rest, diastolic function is abnormal even

without cardiac stress. Challenges such as TIPS aggra-

vate diastolic function. Finucci et al. [50] evaluated the

left ventricular diastolic function in cirrhotic patients

and found impaired left ventricular relaxation, de-

creased ratio of early- to late-diastolic filling wave

velocity (E/A), and delayed early diastolic transmittal

filling in patients with cirrhosis compared with controls.

A study by Wong et al. [41] demonstrated similar

findings. They found an increased isovolumic relaxa-

tion time, reduced E/A ratio, and a dilated left atrium

in cirrhotic patients. The E/A ratio is more pronounced

in ascitic cirrhosis than in pre-ascitic patients. Further-

more, high sodium diet exacerbated myocardial dia-

stolic dysfunction in cirrhosis [51]. Pozzi et al. [12]

showed that in cirrhotic patients with tense ascites

the A wave velocity is significantly increased, the E/

A ratio is markedly reduced, and the deceleration time

of the E wave is markedly increased. Furthermore,

the removal of the ascitic fluid (paracentesis) reduced

the A wave velocity and increased the E/A ratio to

values similar to those of cirrhotic patients without

ascites. This implies that ascites has an important role

in cardiac diastolic dysfunction.

More evidence of diastolic dysfunction can be found

in the increased atrial natriuretic peptide (ANP) in

cirrhosis. The stretch of atrial fibers stimulates ANP

release [52]. It is the relaxation dysfunction that causes

the volume accumulation in the cardiac atria that elicits

the atria to secret ANP. BNP is secreted by ventricles

and therefore reflects the ventricle functions. Wong

et al. [53] demonstrated that BNP is correlated with

cardiac septal thickness, ventricle inflow deceleration
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time, and left ventricular mass. Under challenges such

as TIPS, diastolic dysfunction is further aggravated.

Huonker et al. [3] compared the cardiac diastolic func-

tion before and after TIPS and found that 9 hours after

TIPS, the left atrial diameter and left ventricular end

diastolic volume were significantly increased; right

atrial, MAP, and pulmonary capillary wedge pressures

were doubled. The total pulmonary resistance

increased by about 35%.

Prolongation of the QT interval

The ECG QT interval is a measure of the time between

the start of the Q wave and the end of the T wave in the

heart’s electrical cycle. Its prolongation is essentially

caused by a delayed repolarization which is initiated

by the outward potassium currents. Ward et al. [23]

demonstrated that two types of potassium channels in

ventricular myocytes were functionally abnormal in

experimental cirrhosis induced in rats by bile duct liga-

tion. Day et al. [54] first reported QT interval prolonga-

tion in patients with alcoholic liver diseases in 1993. This

phenomenon was later confirmed by other researchers

and QT abnormalities were shown to be independent

from the eitiology of cirrhosis. Ytting et al. [55] found

that QT prolongation is more frequent in cirrhotic

patients (50%).

Since QT interval length varies with heart rate, the

correct interpretation of the QT interval requires correc-

tion by heart rate. There are different formulas: the Bazett

formula, QTc=Q� T/(RR)1/2, over-corrects at high heart

rates and under-corrects at low heart rates. Fridericia has

published an alternative correction formula using the

cube-rootofRR:QTc=Q� T/(RR)1/3. Bazett andFridericia

assumed that the relationship between QT and RR is

exponential. Sagie et al. (QTc=QT+ 0.154(1–RR)) and

Hodges (QTc =QT = 105 (1/RR �1)) believed it to be a

linear relationship.Zambruni et al. [56] recently generated

a new formula: QT= 453.65×RR1/3.02. They pointed out

that their formula and the Fridericia correction are better

suited to cirrhotic patients.

Using the Bazett formula, Henriksen et al. [57] defined

that QTc> 0.440 s1/2 as prolonged QTc interval.

QT prolongation had no connection with gender,

etiology, or current alcohol consumption but with

the severity of cirrhosis. The QT length is positively

correlated with Child–Pugh score system (r= 0.53;

P< 0.01). Interestingly, the follow-up showed that

those whose Child–Pugh score was worse, their QT

length was further prolonged [58]. Besides liver func-

tion, portosystemic shunt is also associated with QT

prolongation. First, the QT interval is longer in cirrhotic

patients with portal hypertension than those with-

out [55], and those with noncirrhotic portal hyper-

tension and preserved liver function; second, TIPS, a

procedure artificially decreasing portal hypertension

and increasing portosystemic shunting, worsens this

abnormality [59]. All of these events imply that it is

the portosystemic shunt that causes QT prolongation.

Besides the prolonged QT interval, there is a compro-

mised relation between the electrical and mechanical

functions of the heart in cirrhotic patients. The differ-

ence between electrical and mechanical systole time is

significantly more dispersed in patients with cirrho-

sis [60]. However, the clinical significance of this elec-

tromechanical dyssynergy is unclear.

Diagnosis

There is no solidly established criteria for diagnosis and

therefore judgment is based on high clinical suspicion

(Figure 20.1). An expert working party created the

diagnostic criteria shown in Table 20.2.

Management

Since the systemic vasodilatation that reduces cardiac

afterload and thus, “autotreating” the ventricle, the overt

ventricular failure is usually absent. However, if overt

heart failure occurs in any circumstance, such as TIPS or

other portosystemic shunting procedures, infection and

liver transplantation, and so on, the treatment should be

as for other noncirrhotic forms of congestive heart fail-

ure. These measures include bed-rest, administration of

oxygen, salt and water restriction, and diuretic therapy.

There is no long-term comprehensive management

protocol. The reagents used for noncirrhotic congestive

heart failure may not suitable for cirrhotic cardio-

myopathy. Angiotensin-converting enzyme inhibitors

dilate systemic vascular and decrease cardiac afterload

and therefore have therapeutic effects on heart failure.

However, the vasculature has already been dilated in

cirrhosis and therefore vasodilators, especially angioten-

sin converting enzyme inhibitors, precipitate profound
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arterial hypotension in cirrhotic patients. The cardiac

glycosides given to boost systolic contractility in non-

cirrhotic congestive heart failure might not be effective in

cirrhotic cardiomyopathy. Limas et al. [42] found that

ouabain caused significant shortening of total electro-

mechanical systole, pre-ejection period, and left ventric-

ular ejection time in normal volunteers; ouabain neither

improved left ventricular function nor altered systolic

time intervals. It is well known that the density of cardiac

β-adrenergic receptors is downregulated in cirrhosis, so

β-adrenergic receptors agonists, such as dobutamine, are

likely not useful. Mikulic et al. [43] found that dobut-

amine did not change cardiac stroke volume significantly

in cirrhotic patients.

Pozzi et al. [62] demonstrated that K-canrenoate, an

aldosterone antagonist, significantly decreased left ven-

tricular hypertrophy and wall thickness and left ven-

tricular end-diastolic volume in Child A cirrhotic

patients. K-canrenoate had a trend towards improved

diastolic function indices in the E/A ratio. Since aldos-

terone promotes myocardial fibrosis, the aldosterone

antagonist, spironolactone, reduces myocardial colla-

gen turnover [63], Pozzi et al. [62] speculated that the

effects of K-canrenoate on cirrhotic cardiomyopathy is

via the blockage of the fibrogenic effects of the aldos-

terone system.

Another possibility for long-term treatment is beta-

blockers. The overactivity of the sympathetic system

overdrives the heart, so long-term stimulation might

cause decreased density of β-adrenergic receptors. The

density of β-adrenergic receptors are decreased in non-

cirrhotic heart failure [64] and yet beta-blockers are

a fundamental treatment in chronic heart failure [65].

Beta-blockers have cardioprotective effects. In cirrho-

tic patients, beta-blockers improve the prolonged QT

interval in cirrhotic patients [57]. However, a recent

study showed that beta-blockers cause paracentesis-

induced circulatory dysfunction in patients with cirrho-

sis and refractory ascites [66]. The long-term effect of

beta-blockers on cardiac morphology, contractile and

electrophysiologic abnormalities in patients with cir-

rhotic cardiomyopathy needs further investigation.

Our laboratory recently demonstrated the protective

effect of erythropoietin on the rat model of cirrhotic

cardiomyopathy [32]. Erythropoietin is a hypoxia-

induced hormone, the major regulator of erythropoiesis.

Possible diagnostic algorithm in cirrhotic cardiomyopathy

Cirrhosis

Serum markers:

Troponin I, pro-BNP

and BNP,

+ +

+ +
––

Clinically suspected Diastolic and systolic

dysfunction; role out

other causes

Systolic dysfunction

(Resting LVEF <55%)

Stress test:

Exercise echo or MRI

Or dobutamine echo

probable

cirrhotic

cardiomyopathy

probable cirrhotic

cardiomyopathy

Electrocardiogram:

Prolonged QTc

(Fridericia

Correction)

Possible cirrhotic

cardiomyopathy

Diastolic dysfunction

(Echo or MR cardiography

E/A<1.0; deceleration time

>200 ms; isovolumic

relaxation time >80 ms)

Figure 20.1 Diagnostic algorithm for cirrhotic cardiomyopathy. BNP, brain natriuretic peptide; LVEF, left ventricular ejection

fraction; MR, magnetic resonance; MRI, magnetic resonance imaging.
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Many studies have demonstrated that erythropoietin

has anti-inflammatory and antioxidant properties [67].

Erythropoietin alleviates left ventricular hypertrophy in

patients with congestive heart failure and enhances

exercise performance, increases ejection fraction,

decreases mortality, improves cardiac function, and

shortens hospitalization [68,69]. Erythropoietin is

protective in many types of heart diseases including

congestive heart failure [68], myocarditis [70], cardio-

myopathy [71], and ischemic injury [72]. Erythropoietin

protects cardiomyocytes from ischemic injury, decreases

oxidative stress, attenuates myocardial inflammation by

suppression of TNFα, and improves cardiac contractile

function.

We found that erythropoietin has pleiotropic effects

on cirrhotic heart: antioxidative stress, enhancing anti-

oxidant gene expression, and inhibiting TNFα. Eryth-

ropoietin improves cardiac contractility in cirrhotic

hearts in the rat model [32]. Whether this study is

applicable to cirrhotic cardiomyopathy in patients

needs further investigation.

Prognosis

Since vasodilatation that reduces cardiac afterload and

thus, “autotreating” the ventricle, overt heart failure is

rare in cirrhotic patients and therefore cirrhotic cardio-

myopathy is often overlooked. However, when stressed,

heart failure has a significant role in mobility and mor-

tality; 7–21% of deaths in the post-transplant period are

due to cirrhotic cardiomyopathy. How to predict the

outcome is critically important. First of all, because “cir-

rhotic cardiomyopathy” is based on chronic liver disease,

the Model for end-stage liver disease (MELD) score

should be considered as predictive factor in liver

Table 20.2 Proposal for diagnostic and supportive criteria for cirrhotic cardiomyopathy agreed upon at a working party held at the 2005

World Congress of Gastroenterology in Montreal.

Definition of cirrhotic cardiomyopathy

General definition:

Cirrhotic cardiomyopathy is defined as chronic cardiac dysfunction in patients

with cirrhosis, characterized by blunted contractile responsiveness to stress, and/or altered diastolic relaxation with electrophysiological

abnormalities, in the absence of known cardiac disease

Diagnostic criteria:

1 Abnormal systolic contractile responses to stress

2 Diastolic dysfunction at rest

3 Absence of clinically significant cardiopulmonary disease

Systolic dysfunction (at least one of the following):

1 Blunted increase in cardiac output with exercise, volume challenge or pharmacologic stimuli

2 Resting LVEF <55%

Diastolic dysfunction (at least one of the following):

1 E/A ratio (age corrected) <1.0

2 Prolonged deceleration time (>200 ms)

3 Prolonged isovolumic relaxation time (>80 ms)

Supportive criteria:

1 Electrophysiologic abnormalities including the following:

• Abnormal chronotropic response to stress

• Electromechanical uncoupling/dyssynchrony

• Prolonged QTc interval

2 Heart chamber alterations: enlarged LA, increased LVWT

3 Increased pro-BNP and BNP

4 Increased troponin I

BNP, brain natriuretic peptide; LA, left atrium; LVEF, left ventricular ejection fraction; LVWT, left ventricular wall thickness.

Source: Yang et al., 2012 [61]. Reproduced with permission of Elsevier.
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transplantation outcome. Cirrhotic patients with MELD

scores greater than 14 are generally not considered for

surgical intervention. Patients with MELD scores of 8–14

are at greater perioperative risk [73]. However, the

predictive value of MELD on the survival of liver trans-

plantation is inconclusive [6,74,75].

BNP is thought to reflect cardiac dysfunction [74].

BNP concentrations correlate with cardiac function and

hypertrophy [76] and seems to be the most sensitive

index to identify subclinical asymptomatic left ventric-

ular dysfunction [73]. There are cardiac abnormalities

in cirrhotic patients, so plasma BNP is an excellent

indicator of cardiac function in these patients. Further-

more, BNP plasma levels correlate with MELD scores in

cirrhotic patients. Multivariate analysis showed that

BNP predicts the cardiac ejection fraction: patients

whose baseline BNP concentrations were more than

70 pg/mL had an ejection fraction of around 45% [73].

Pimenta et al. [48] found that BNP levels are not only

related to cardiac systolic function, but also associated

with medium-term survival, suggesting its potential

utility as a prognostic marker in cirrhosis. Besides

cardiac function, renal function also affects BNP levels.

Ruiz-del-Arbol et al. [36] demonstrated that decreased

cardiac output is related to the development of hep-

atorenal syndrome which also impacts patients’ sur-

vival rates. Bernal et al. [77] demonstrated that

pretransplant NT-proBNP levels were significantly

associated with risk for cardiovascular events after

the procedure.

Troponin, a marker of cardiac injury, might be an

indicator reflecting heart damage in cirrhotic cardio-

myopathy. Pateron et al. [78] found that 31% of

patients with cirrhosis had an increase in serum cardiac

troponin I concentrations. These patients had no car-

diac ischemia on clinical or ECG examination. The

elevated troponin levels in patients with cirrhosis

were correlated with a decrease in the stroke volume

index and an increase in left ventricular mass. Coss

et al. [79] confirmed Pateron et al.’s study and found

that pretransplant troponin I levels were increased in

approximately one-quarter of their patients and corre-

lated with markers of cardiac dysfunction/disease such

as left ventricular wall thickness and a low ejection

fraction. Moreover, an abnormal pretransplant tropo-

nin I level (>0.07 ng/mL) was one of the independent

predictors for the cardiovascular complications after

liver transplantation. Because of the predictive value,

Liu and Lee [80] speculated that troponin I is perhaps a

marker of cirrhotic cardiomyopathy with latent cardiac

dysfunction that is not recognized by conventional

screening methods.
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CHAPTER 21

Adrenal insufficiency
Emily Dannhorn and James O’Beirne
Sheila Sherlock Liver Centre, Royal Free Hospital, London, UK

Introduction

The concept of inadequate cortisol production during

critical illness such as in septic shock has been termed

relative adrenal insufficiency (RAI) and, more recently,

critical illness-related corticosteroid insufficiency (CIRCI).

Both these conditions have been described in critically ill

patients where cortisol production and/or utilization by

peripheral tissues is insufficient, leading to adverse out-

comes such as increased levels of shock andmortality [1].

Due to similarities between liver failure and septic

shock numerous investigators have studied the preva-

lence and impact of adrenal insufficiency (AI) in liver

disease of various etiologies and severities. Initial results

are intriguing; AI appears to be common not only in

critically ill patients with liver disease, but also in patients

with stable cirrhosis and post-liver transplantation. In

addition, emerging evidence appears to show that AI is

more prevalent in patients developing complications of

cirrhosis and its presence may affect the efficacy of

treatment of those complications.

Currently, there is no randomized trial evidence to

support the routine administration of supplemental ste-

roids to patients with AI and complications of cirrhosis.

This is partly due to difficulties encountered in the

accurate measurement of cortisol in patients with cirrho-

sis but initial data would suggest that the presence of AI

may worsen outcomes and therefore in appropriate set-

tings the presence of AI should be considered and treated,

especially if patients are not responding to conventional

treatment.

Background

The hypothalamic–pituitary–adrenal axis (HPA) is instru-

mental in the body’s ability to deal with stress, particularly

in the context of critical illness, during which cortisol has

many vital roles. These include, but are not limited to,

preserving vascular tone and permeability, increasing

myocardial contractility, stimulating anti-inflammatory

cytokine production, and initiation of lipolysis and protein

catabolism [2]. Animal studies have clearly demonstrated

that adrenalectomized subjects succumb rapidly to shock

and corticosteroid replacement in these situations is pro-

tective [3]. In septic shock, supplemental corticosteroids

have been shown to lead to faster shock reversal and low

levels of serum cortisol are associated with increased

mortality [4,5]. Further studies showed that somepatients

with septic shockhad inappropriately lowlevels of cortisol,

subnormal responses to adrenocortical stimulation, and

blunted pressor responses to norepinephrine that could be

restored by the administration of corticosteroids. The

finding of inappropriately low cortisol levels in critically

unwell patients led to the new term of relative adrenal

insufficiency (RAI) [6]. More recently, the term CIRCI

(critical illness-related corticosteroid insufficiency) has

been used to describe a clinical picture caused by

inadequate cortisol activity either by inadequate produc-

tion and/or peripheral corticosteroid resistance, which is

characterizedbyamuchamplifiedandprolonged systemic

inflammatory response [7].

Septic shock and liver failure share the same hemo-

dynamic features (i.e., systemic vasodilatation, lowmean
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arterial pressure, and raised cardiac output), therefore

the prevalence of AI has also been studied in patients

with liver disease. RAI appears to be prevalent in patients

with cirrhosis and septic shock and is associated with

increased mortality [8]. RAI has also been identified

in patients with stable cirrhosis, nonseptic complications

of cirrhosis (bleeding, ascites), and in patients post-

liver transplantation [9]. The presence of AI even in

the absence of critical illness in patients with cirrhosis

suggests that adrenal dysfunction may be a complication

of liver disease per se, leading to the term hepato-adrenal

syndrome [10]. This chapter discusses the importance

of AI in cirrhosis and its complications, methods of

diagnosis in the correct clinical context, and treatment

options. Areas where evidence is currently limited are

highlighted.

Physiology of the hypothalamic–
pituitary–adrenal axis

The body’s ability to respond appropriately to situations

of stress is dependent on cortisol production by the

adrenal gland regulated by the HPA axis. Under normal

nonstressed conditions, cortisol secretion is pulsatile in

fashion, and demonstrates marked diurnal variation.

Peak levels are seen between 6 and 8 a.m. (6–23μg/dL),

with the lowest levels noted at midnight.

During conditions of stress, corticotropin-releasing

hormone (CRH) is released from the hypothalamus in

response to inflammatory cytokines and other stimuli.

CRH stimulates release of adrenocorticotropic hormone

(ACTH) from the anterior pituitary, which in turn pro-

motes the release of cortisol from the adrenal cortex. This

process is tightly regulated by a series of negative feed-

back loops such that the release of cortisol is extremely

sensitive to changes in levels of ACTH.

Following its secretion, 90% of cortisol circulates in

plasma bound to cortisol binding globulin (CBG), and to a

lesser extent albumin. Less than 10% of cortisol circu-

lates in the biologically active free form. Cortisol is able to

diffuse rapidly across cell membranes, where it under-

goes binding to glucocorticoid receptors. The gluco-

corticoid receptor is responsible for downstream

signaling within the cell, and has several different iso-

forms that can be expressed differentially within various

tissues, signaling different pathways [11]. Following

binding to glucocorticoid receptors, the complex is

translocated into the nucleus of the cell, where the effects

of cortisol are exerted.

Cortisol is not stored within the adrenal gland and

therefore needs to be produced rapidly on demand from

its precursors during times of stress. The main substrate

for cortisol synthesis is cholesterol, particularly high-

density lipoprotein (HDL) cholesterol. More than 80%

of cortisol is produced from cholesterol at times of stress,

and this is of particular relevance in conditions where

cholesterol levels are low (including liver disease), where

inadequate levels of substrate may limit adequate

synthesis [10,12].

Relative adrenal insufficiency and
critical illness-related corticosteroid
insufficiency

RAI is insufficient glucocorticoid activity relative to the

severity of the patient’s illness. RAI is usually seen in

critically ill patients with low levels of serum cortisol and/

or subnormal responses to adrenal stimulation. The defi-

nition of RAI does not encompass the subset of patients

with apparently normal adrenal responses who appear to

benefit from glucocorticoid supplementation. Therefore,

a better definition is that of CIRCI. CIRCI is defined as a

circulating level of cortisol inadequate for the severity of

the patient’s illness and comprises both suppression of

the HPA axis and also tissue resistance to the actions of

cortisol [7].

Pathophysiology

During critical illness, inflammatory cytokines activate

the HPA axis, resulting in a rise in serum cortisol. Annane

et al. [13] demonstrated clearly that extremes in cortisol

levels in this context, either low or high, are associated

with poor prognosis. In addition, it appeared that patients

with a subnormal response to challenge with synthetic

ACTH also had a worse prognosis. These two findings

suggest that, in a subset of critically ill patients, cortisol

levels are inadequate relative to the severity of the

systemic disease, or the adrenal glands are unable to

respond adequately to the correct level of stimulus result-

ing in RAI.

RAI/CIRCI arises from combined effects of both sup-

pression of the HPA axis and resistance of tissue to
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circulating cortisol levels. Dysregulation of the HPA axis

is multifactorial in critical illness, and causes include

decreased ACTH response to CRH, inhibition of cortisol

synthesis, and adrenal hypoperfusion. Although incom-

pletely understood, the pro-inflammatory cytokine

milieu has a central role in the process. Elevated levels

of the pro-inflammatory cytokines tumor necrosis factor

α (TNF-α) and interkeukin 1 (IL-1) have been shown to

cause decreased ACTH response to CRH, and high levels

of TNF-α can cause a reduction in cortisol synthesis by

direct inhibition of the action of ACTH on the adrenal

gland [14,15]. Furthermore, it has been shown that

patients who demonstrate abnormal responses to exog-

enous ACTH also have higher levels of TNF-α [16]. Tissue

resistance to glucocorticoids is thought to be due to

downregulation of glucocorticoid receptor function

and decreased transmission of activated receptors due

to chronic exposure to pro-inflammatory cytokines such

as TNF-α, IL-6, lipopolysaccharide (LPS), and macro-

phage migratory inhibitory factor [17–19]. This results

in a picture consistent with adrenal failure, although

levels of cortisol may be normal or even supranormal.

Although widely documented in the literature, there

is significant variation in reported incidence of RAI/

CIRCI. This can be attributed to inconsistencies within

patient populations studied, differences in diagnostic

methods used to assess cortisol levels (serum total

cortisol, serum free cortisol or other, including salivary

cortisol levels), and a lack of concrete diagnostic crite-

ria. Standardized methods of diagnosis have not been

designed, and there is as yet no consensus regarding

the optimal diagnostic tests or criteria required to deter-

mine the presence of RAI.

Adrenal insufficiency and liver
disease

Clinically, patients with cirrhosis have a hyperdynamic

circulation, associated with decreased vascular resist-

ance, hypotension, and increased cardiac output – a

similar picture to that seen in patients with septic shock.

Even in stable conditions, patients with cirrhosis demon-

strate raised circulating levels of pro-inflammatory cyto-

kines (TNF-α, IL-1, and IL-6) and endotoxin, which can

have dysregulating effects on the HPA. Additionally,

normal circadian rhythms within this population are

disrupted by the effects of ammonia, which could affect

the ability of the HPA axis to respond appropriately to

stress [20,21].

Substrate depletion is an important contributor to adre-

nal dysfunction in liver disease. At times of stress most

cortisol is synthesized from HDL cholesterol in the Apo-1

form,which is synthesized in the liver. Theadrenal gland is

therefore reliant onadequate substrate inorder toproduce

levels of cortisol appropriate to the stress situation.Patients

with cirrhosis have low levels of HDL cholesterol com-

pared to controls – a finding that is proportional to disease

severityasmeasuredbyChild–Pughscore [12]. The impact

of this finding is observed in critically ill liver patients

where adrenal responses correlate with baseline HDL

levels and adrenal dysfunction can be seen to develop

in patients with previously normal adrenal function and

low HDL levels during prolonged critical illness – the

adrenal exhaustion syndrome [10,22]. Another possible

cause of AI in patients with cirrhosis is adrenal hemor-

rhage secondary to coagulopathy. In the study by Harry

et al. [23], out of 12 patients that died, 8 had a postmortem

and 1 patient was shown to have sustained adrenal hem-

orrhage (Figure 21.1).

Prevalence and clinical relevance of
adrenal insufficiency in liver disease

The true prevalence of RAI/CIRCI in cirrhosis is contro-

versial as varying definitions have been used and there

are inherent difficulties in measurement of cortisol in

patients with liver disease.What is clear is that whichever

definition is used the prevalence of the syndrome

appears to correlate with disease severity and also carries

prognostic significance.

RAI/CIRCI in critically ill patients
with liver disease

In patients with acute liver injury and liver failure, Harry

et al. [23] found that the prevalence of AI was increased

in line with the severity of liver disease and the degree of

organ failure. In this study of 45 patients with either

acute liver injury or acute liver failure, patients under-

went adrenal function testing with the short Synacthen

test (SST). An impaired response to adrenal stimulation

was seen in 37% of patients with subnormal responses to
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adrenal stimulation seen more frequently in patients

with more severe organ failure, need for emergency

transplantation, and nonsurvivors.

In patients with cirrhosis and septic shock. Tsai

et al. [8] studied 101 septic cirrhotic patients, who under-

went adrenal function testing. The results demonstrated

that 51%of patients fulfilled their criteria for AI (baseline

cortisol <9 μg/dL or an increment of <9 μg/dL after

stimulation with 250 μg Synacthen). Patients with AI

had lower mean arterial pressure and were more likely

to need vasopressor support. Of note, a correlation was

demonstrated between the degree of adrenal dysfunction

and severity of disease, as per Child–Pugh, MELD, and

Apache III scores. The response to adrenal stimulation

was also an independent predictor of mortality, which

was increased in the AI group.

Hypothalamus

Anterior pituitary 

Adrenal cortex

Peripheral tissues

CRH 

ACTH

Adrenal 
insufficiency 

Cortisol 

Consequences of uncontrolled elevated 
levels of pro-inflammatory cytokines

Decreased ACTH response to CRH  

(IL-1, TNF-α) 

Inhibition of ACTH action causing 
reduction in cortisol release 

Down regulation of gluco-corticoid 
receptors and cortisol resistance 

(LPS, IL-6)  

Proposed additional 
mechanisms of AI in patients 

with cirrhosis

Disruption of normal circadian 
rhythm due to ammonia 

Adrenal hypoperfusion 

Decreased production of HDL 
Cholesterol leading to substrate 

deficiency 
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Normal physiology

Release of CRH due to 
activation of the 

sympathetic nervous system 

Figure 21.1 Pathophysiology of adrenal dysfunction in liver disease – The normal events leading to activation of the HPA and

consequences of uncontrolled elevated levels of proinflammatory cytokines on the left of the figure. Factors that may be

more relevant in patients with liver disease outlined on the right of the figure. ACTH, adrenocorticotropic hormone; CRH,

corticotropin-releasing hormone; IL, interleukin; LPS, lipopolysaccharide; TNF, tumor necrosis factor.
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Using an alternative definition of AI, Marik et al. [10]

reported the prevalence of AI within 340 patients admit-

ted to a liver intensive care unit. The incidence of AI was

found to be 66% in critically ill cirrhotic patients, with a

prevalence of 33% in acute liver failure patients. In this

study, the mortality rate of patients with AI was 39%

overall. Patients who were subsequently treated with

steroids had a mortality rate of 26% compared with

46% in those not treated with steroids, although this

was not assessed in a randomized fashion. The use of

hydrocortisone in cirrhotic patients with septic shock has

now been assessed in a retrospective cohort study and a

randomized controlled clinical trial [24,25]. In the first

study, the effect of treating patients with cirrhosis and

septic shock with low dose hydrocortisone was evaluated

in a prospective fashion. Critically ill cirrhotic patients

(n= 25) with either an inappropriately low random

cortisol (<15 g/dL) or a subnormal (<9 g/dL) response

to SST received 50mg hydrocortisone four times daily.

The patients treated with steroids were compared with a

group of patients treated on the same intensive treatment

unit prior to the introduction of adrenal function testing

in septic shock. AI was diagnosed in 18/25 (68%). In the

treated group of patients there was quicker resolution of

shock and an increase in hospital survival compared to

the 50 historical controls that had not undergone adrenal

function testing (64% vs. 32%). In a randomized trial of

patients with cirrhosis and septic shock, 75 patients

underwent adrenal function testing and were random-

ized to receive intravenous 50mg hydrocortisone four

times daily or placebo within 48 hours of shock onset.

Hydrocortisone therapywas continued until shock rever-

sal (cessation of vasopressors) and the primary outcome

was all cause 28-day mortality. The overall incidence of

AI in the study population was 76% and was not signifi-

cantly different between treated patients and controls.

There was no difference in survival between the two

groups although hydrocortisone-treated patients had a

faster resolution of shock. However, in hydrocortisone-

treated patients there was a higher incidence of shock

relapse and gastrointestinal bleeding. The incidence of

shock relapse in this studywasmuch higher than in other

studies using low dose hydrocortisone suggesting that

one factor leading to the overall negative result may have

been the abrupt cessation of steroid supplementation

rather than tapering. This could be important in patients

with cirrhosis if one considers that AI may be a pre-

existing condition rather than a result of the sepsis per se.

Prevalence of adrenal insufficiency
in stable cirrhosis

AI has been documented in patients with stable liver

disease in a number of studies. In the majority of these

studies, the prevalence of AI appears to increase with

increasing disease severity, as perMELD or Child score. A

number of studies have shown that there does not appear

to be a significant proven association with prognosis,

although this conclusion has been limited by short fol-

low-up or indeed no follow-up reported. Within these

studies, a range of prevalence of AI has been demon-

strated, from 6.3% to 58% depending on the adrenal

function assay used (Table 21.1). More recently, AI has

been associated with the incidence of complications and

death in a large cohort of patients with cirrhosis [26].

Galbois et al. [27] studied 88 stable inpatients, admit-

ted for complications of cirrhosis but without hemor-

rhage or hemodynamic compromise. All patients had

measurement of levels of CBG, total serum cortisol, and

salivary cortisol before and after stimulationwith 250 μg

Synacthen. The definitions used to define AI were base-

line serum total cortisol <9 μg/dL, or a concentration

60 minutes after Synacthen <18 μg/dL, or an increment

following stimulation of<9 μg/dL (i.e.,Δ cortisol). Using

salivary cortisol assays, a basal value of <1.8 ng/mL, or a

concentration 1 hour after Synacthen <12.7 ng/mL, or

Δ<3 ng/mLwas used to diagnose AI. Serum free cortisol

was calculated using serum total cortisol and CBG levels

with Coolens’ equation. Salivary cortisol showed an

excellent correlation with calculated free cortisol; how-

ever, it correlated less well with serum total cortisol

levels – this led to significant differences in the frequency

of the diagnosis of AI depending on the test used. Using

serum total cortisol levels, 33% of the patients were

considered to have AI, compared to the use of salivary

cortisol levels, where only 9.1% of patients fulfilled the

definition of AI. Of the patients diagnosed with AI using

serum total cortisol levels, 21 had normal adrenal func-

tion according to salivary cortisol measurements.

In a further study by Tan et al. [28], the relationship

between serum total cortisol, serum free cortisol, and

calculated free cortisol was investigated within a cohort

of 43 stable cirrhotic patients, compared with a healthy

control group. Patients underwent testing before and

after adrenal stimulation with 250 μg Synacthen. Base-

line (T0) serum total cortisol levels were similar between

the patient and control groups, but peak and incremental
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levels were significantly lower. However, using plasma

free cortisol levels, there was no difference found

between patients and healthy controls, suggesting that

measured serum total cortisol levels were spuriously low

in the cirrhotic patient group. A total of 58% of patients

fulfilled criteria for AI with Δcortisol <9 μg/dL following

adrenal stimulation. Comparatively, using serum free

cortisol levels, only 12% of patients had AI.

Adrenal function testing in
cirrhosis – which test?

It is clear from the studies outlined above that the

prevalence of AI in cirrhosis depends on which test is

used. At the present time this area is not settled as the

more accurate tests for cortisol are not available outside

of a research setting and normal ranges have not been

defined. Current guidelines for critically unwell patients

propose a definition of Δ serum total cortisol of <9 μg/dL

following SST, or a random serum total cortisol of

<10 μg/dL in order to diagnose AI. However, this defini-

tion pertains to a general patient population, and is not

specific for liver disease. In the majority of published

literature in this area, the same cutoff values for diag-

nosing AI have been applied to patients regardless of

whether they are critically ill or stable. This may not be

correct and traditional assays based on serum total

cortisol levels may be inaccurate due to patients with

cirrhosis having subnormal CBG or albumin levels lead-

ing to a spuriously low total cortisol level and hence

overestimation of the prevalence of AI. Differences also

exist in the stimulation tests used: some studies have

used the low dose (1 μg) Synacthen test, as opposed to

the standard dose of 250 μg [9]. This renders studies

difficult to compare, and provides challenges with

regards to collating data from multiple studies [29].

Assessment of adrenocortical function is usually based

on the short ACTH stimulation test (SST), with measure-

ment of serum total cortisol before and after administra-

tion of a synthetic ACTH (cosyntropin). The standard

high dose test involves administration of 250-μg cosyn-

tropin. A normal response after 30 or 60 minutes is a

peak of 18–20 μg/dL and an increment of >9 μg/dL. Most

studies have used the 250-μg dose to stimulate adrenal

function. However, this dose results in an elevation of

ACTH levels of up to 100 times higher than expected

physiologically in severe stress situations. An alternative

low-dose stimulation test (1-μg dose of cosyntropin) has

therefore been proposed in an attempt to elicit a more

physiologic assessment of adrenal reserve [30].

There is no consensus regarding whether the low-dose

test is superior to the high-dose ACTH stimulation test

although the low-dose SST may be more sensitive and

detect partial AI thatmay bemissed by the standard high-

dose test [30,31].

Table 21.1 Prevalence of adrenal insufficiency (AI) in patients with stable cirrhosis.

Author No of

patients

Type of liver

disease

Definition of adrenal

insufficiency

Patients fulfilling

definition (%)

Outcome in adrenally

insufficient patients

Galbois [27] 88 Stable cirrhosis Short Synacthen test

Peak <18 μg/dL

Any part 9 μg/dL

33 Not reported

Tan [28] 43 Stable cirrhosis Short Synacthen test

Increment <9 μg/dL

58 AI not associated with

outcome

Thevenot [34] 85 Stable cirrhosis Short Synacthen test

Peak <18 μg/dL

6.3 No association of AI

with outcome

Fede [9] 101 Stable cirrhosis Low dose short Synacthen

test

Peak <18 μg/dL

38 Not reported

Zietz [52] 52 Stable cirrhosis CRH test

Peak <18 μg/dL

57 Not reported

McDonald [53] 27 Stable cirrhosis Short Synacthen test

No definition of AI used

39% reduction in cortisol

increment compared with

controls

Not reported
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Comparision of studies is made more complicated

when accounting for the fact that assessing adrenal

function in cirrhotic patients appears to be inaccurate

due to changes in the plasma levels of cortisol binding

globulin and albumin. Ninety percent of serum cortisol

circulates bound to CBG and albumin; only 10% exists in

the biologically active free form. Traditional laboratory

assays have only measured serum total cortisol. There-

fore, in conditions associated with lower plasma levels of

CBG and albumin, including cirrhosis, liver failure, and

sepsis, there is potential for overdiagnosing AI. Measure-

ment of serum free cortisol would therefore seem to be

the ideal assay; however, this is difficult outside of a

research setting and is time consuming, expensive, and

therefore impractical within routine clinical practice.

Other methods of estimating the serum free cortisol level

include salivary cortisol levels, free cortisol index, and

calculation using Coolens’ equation [27,32,33].

In patients with cirrhosis (95 nonseptic and 30 septic),

Thevenot et al. [34] measured levels pre and post admin-

istration of 250 μg Synacthen of serum total cortisol,

serum free cortisol, and salivary cortisol. They demon-

strated that serum total cortisol levels overestimated AI in

patients with end-stage liver disease. Of note, they

showed that salivary cortisol levels correlated well

with free cortisol levels, indicating that salivary cortisol

may well provide a good surrogate marker for serum free

cortisol.

However, in current clinical practice, measurement of

serum total cortisol remains the most readily available

test and in patients with cirrhosis and a serum albumin

>25 g/dL serum total cortisol appears to give results

comparable with serum free cortisol. For the purposes

of standardization the 250 μg standard dose SST should

be used, as this is the most widely available test within

current clinical settings. A result demonstratingΔ cortisol

<9 μg/dL can be used to diagnose AI within this

population [35].

Adrenal function and the
complications of cirrhosis – who
should be tested and who should be
treated?

Cirrhosis and septic shock

Current guidance recommends that patients with septic

shock who are poorly responsive to fluid resuscitation

and vasopressors are treated with supplemental cortico-

steroids. There is no consensus regarding the optimal

steroid dose regimen, or indeed regarding duration of

treatment; however, doses greater than 300mg/day

hydrocortisone are not recommended and steroid taper-

ing after shock resolution is recommended [36]. Of note,

the guidelines also suggest that, for patients with septic

shock, ACTH testing should not be used to select patients

for treatment with corticosteroids, due to potentially

unreliable laboratory assays of plasma cortisol concen-

tration in critically ill patients. In this regard the recent

CORTICUS study [37] has shown that supplemental

corticosteroids in a general population of patients with

septic shock is not associated with any significant benefit

other than faster shock reversal and this benefit was

independent of the presence or absence of AI. However,

these results may not be applicable to patients with

cirrhosis and sepsis who may already have pre-existing

AI associated with cirrhosis. In early uncontrolled studies

of cirrhosis and septic shock the presence of AI was

associated with a worse outcome and more use of vaso-

pressors. Moreover, the use of supplemental cortico-

steroids was associated with improved hemodynamic

responses and better survival than historical controls,

suggesting a role for supplemental steroids in septic

patients with liver disease [8,10,24,38]. These findings

are in contrast to the recent report by Arabi et al. [25],

which found no benefit of hydrocortisone in cirrhotic

patients with septic shock. As mentioned previously, one

reason for this apparent lack of benefit may have been

the rather abrupt taper of steroids after resolution of

shock. Previous studies have demonstrated that abrupt

cessation of steroids, as opposed to a gradual dose taper-

ing, is associated with rebound of hemodynamic collapse

and increased inflammatory markers [39]. It is conceiv-

able that this effect may be even more pronounced in

those who already have baseline AI such as patients with

cirrhosis, which may account for the high rate of shock

relapse in the Arabi study. Further studies addressing the

role of supplemental hydrocortisone, duration of treat-

ment and impact of AI in septic patients with cirrhosis are

needed. For the moment our current practice is to treat

patients with cirrhosis and septic shock fulfilling the

surviving sepsis guidance with hydrocortisone (100mg

intravenous bolus followed by 10mg/hour) until shock

resolution. Following shock resolution, steroids are

tapered according to the presence or absence of AI on

a baseline SST (Figure 21.2).
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Complications of cirrhosis

The prevalence of AI increases with increasing severity of

liver disease. Recent data have shown that the presence

of AI is also more frequent in patients with complications

of cirrhosis. Acevedo et al. [40] performed a prospective

study of 160 patients admitted to a single center with

complications of cirrhosis but without septic shock. All

patients underwent an SST and AI was defined as a Δ

serum total cortisol <9 μg/dL. AI was found in 26% of

the admissions and compared with patients without AI

these patients exhibited more circulatory dysfunction,

hyponatremia, and more frequently exhibited markers

of systemic inflammation respose syndrome (SIRS)

(Table 21.2). Interestingly, patients with AI more fre-

quently developed infections and septic shock than non-

AI patients. Mortality was also significantly higher in the

AI group than the non-AI group (19% vs. 7%; P= 0.04).

The association of AI with markers of circulatory

dysfunction raises the possibility that treatment of cir-

rhotic patients with supplemental corticosteroids may

Commence fluid

resuscitation

Start vasopressor

No indication for

corticosteroids

Yes 

Continue hydrocortisone

No 

No 

Resolution of shock (cessation of vasopressors)?

Wean hydrocortisone

rapidly over 48 hours

Patient with cirrhosis and septic shock

Patient poorly responsive to

vasopressors and fluid resuscitation?

Start hydrocortisone

100 mg IV bolus

10 mg/hour IV continuous infusion

Δserum total cortisol <9 μg/dL ?

No

Yes

SST 250 μg

Wean hydrocortisone

slowly over 5–7 days

Yes

Figure 21.2 Suggested algorithm for the diagnosis and management of adrenal insufficiency (AI) in septic shock and cirrhosis. SST,

short Synacthen test.
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lead to improved outcomes. There are as yet no random-

ized trials in this area; however, recent data suggest that

this may be a fruitful area of research.

Adrenal insufficiency, refractory ascites,

and hepatorenal syndrome

The development of ascites and ultimately hepatorenal

syndrome is defined by a progressive alteration in sys-

temic hemodynamics such as lowmean arterial pressure,

decreased systemic vascular resistance, and a raised car-

diac output [41]. It is now clear that despite the overall

increase in cardiac output, some patients with cirrhosis

have a “latent” cardiomyopathy that results in an

inability to maintain organ perfusion in the face of

progressive systemic vasodilatation or an acute insult

such as bleeding or infection [42,43]. This cirrhotic car-

diomyopathy is characterized by chronotropic and ino-

tropic incompetence, diastolic dysfunction, and

electrocardiographic abnormalities such as prolongation

of the QT interval [44]. Many of these changes are similar

to those found in patients with acute and chronic AI,

raising the possibility that AI contributes to the develop-

ment of cirrhotic cardiomyopathy. This is an important

concept as the cardiomyopathy associated with AI is

reversible with treatment and therefore in patients

with cirrhosis at risk of complications, AI may be an

important therapeutic target [45]. As yet, the link

between adrenal function and cirrhotic cardiomyopathy

is yet to be proven and as yet there are no randomized

clinical trials that show benefit of supplemental steroids

in patients with complications of cirrhosis. However,

emerging evidence points to a potential therapeutic

role for supplemental hydrocortisone in certain clinical

settings. One such area is refractory ascites.

In a pilot study, Alessandria et al. [46] examined

adrenal responses in 25 patients with ascites. Of the

patients, 16 had refractory ascites and of these 50%

had AI. Patients with refractory ascites or type 2

hepatorenal syndrome underwent treatment with

50mg hydrocortisone 6-hourly for 7 days. In the treated

patients there was significant improvement noted in

mean arterial pressure, plasma renin activity, natriuresis,

and renal function. Although this was a small pilot study

these data suggest that addressing AI in patients with

circulatory dysfunction can result in an amelioration of

the hyperdynamic circulatory state and provides a ratio-

nale for considering treatment. In contrast, however, a

recent study of AI in patients with variceal bleeding has

shown that although the prevalence of AI in patients

with bleeding was significantly higher than stable cir-

rhotic patients and healthy controls (60% vs. 48%),

the presence of AI was not associated with a worse

outcome [47].

In the absence of controlled clinical trial data, concrete

recommendations for testing and treating AI in patients

with cirrhosis and complications cannot be made. How-

ever, AI appears to be common and carries prognostic

significance. Therefore, in certain clinical situations

(Figure 21.3), testing for and treating AI in patients

without other therapeutic options or where prognosis

is likely to be poor appears reasonable [48].

Adrenal insufficiency and liver
transplantation

Liver transplantation (LT) is the treatment for many of

the complications of chronic liver disease. The high

prevalence of adrenal dysfunction in stable cirrhotic

patients would suggest that AI would also be prevalent

in the perioperative stage. Postoperatively, however, AI

may not be clinically apparent as the use of cortico-

steroids both intra- and postoperatively is common

and may effectively “mask” AI. Increasingly, transplant

centers are using steroid-free immunosuppressant regi-

mens in order to minimize the known risks of steroids

Table 21.2 Serum sodium andmarkers of circulatory dysfunction in cirrhotic patients with adrenal insufficiency (AI) (n=43) compared

with cirrhotic patients without AI on admission to hospital (n=123). MAP, mean arterial pressure; Na, sodium; PRA, plasma rennin

activity; SIRS, systemic inflammatory response syndrome.

MAP (mmHg) PRA (ng/mL/hour) Noradrenaline (pg/mL) Serum Na <130 (%) SIRS (%)

AI 77 6.7 548 44 51

No AI 82 4.0 448 21 27
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such as new onset diabetes, wound infections, and con-

cerns about the risk of recurrent hepatitis C infection in

the graft. Therefore, the identification and treatment of

AI in the postoperative phase of LT may become increas-

ingly important [49].

In centers using a steroid-free immunosuppressant

regiment, the prevalence of AI has been demonstrated

to be as high as 92%; however, this was using the low-

dose SST [10]. Therefore, AI may be common in post-LT

patients and has the potential to cause significant mor-

bidity if not recognized. The effect of perioperative corti-

costeroid administration has been shown by Patel

et al. [50] who studied 90 patients undergoing first

elective LT: 45 before and 45 after the protocolized

intraoperative intravenous administration of 1 g meth-

ylprednisolone. Patients receiving corticosteroids had

significantly reduced requirements for fluid administra-

tion, vasopressors, renal replacement therapy, invasive

ventilation, and intensive care stay compared with

patients not receiving steroids. These data suggest that

the use of steroids in this context may have addressed a

“latent” tendency towards AI although none of the

patients underwent formal adrenal function testing. Cor-

ticosteroid use postoperatively prevents transplant

Variceal bleeding Refractory

ascites

No indication for

adrenal function

testing or

treatment of AI

Hepatorenal

syndrome

Consider:

OLT

TIPS

Perform SST

Δserum total cortisol <9 μg/dL?

Consider hydrocortisone

50 mg IV q.d.s

Especially if:

Worsening renal function

Hypotension

Hyponatraemia

Continue standard of

care

No

Yes

Commence:

terlipressin and

albumin

Perform SST

No

Continue standard

of care

Yes

Predictors of poor

response to therapy?

<5 mmHg rise in MAP on

day 3?

Baseline creatinine

> 3.0 mg/dL

Δserum total cortisol <9 μg/dL?

No

Yes

Consider hydrocortisone

50 mg IV q.d.s and

assess response

Figure 21.3 Suggested algorithm for adrenal function testing and treatment of adrenal insufficiency (AI) in patients with

complications of cirrhosis. MAP, mean arterial pressure; OLT, orthotopic liver transplantation; q.d.s., four times daily; SST, short

Synacthen test; TIPS, transjugular intrahepatic portosystemic shunt.
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patients developing AI; however, their prolonged use can

suppress the HPA axis, and cause functional adrenal

gland atrophy (FAGA), potentially leading to AI late

post-transplant after steroid withdrawal [51]. SST was

used to assess 87 transplant recipients postoperatively

before complete steroid cessation. FAGAwas apparent in

27%, and was associated with length and cumulative

steroid dose, as well as total cholesterol and ACTH

concentrations. Therefore, attention should be paid to

the rapidity of withdrawal of steroids post-LT and con-

sideration should be given to adrenal function testing in

those patients who are at high risk of FAGA.

Conclusions

Dysfunction of the HPA axis in patients with liver disease

is not uncommon, occurring both in times of acute illness

and in patients with stable cirrhosis. Indeed, liver disease

per se may affect the HPA axis. As yet, there are no

concrete definitions available, resulting in discrepancies

within prevalence across published studies. In addition,

agreement needs to be reached regarding the optimal

diagnostic investigation, which must be practical in clini-

cal settings. Allowing for the limitations associated with

measuring adrenal function using serum total cortisol,

more data on adrenal function using standard adrenal

stimulation testing are required. Currently, there are no

guidelines regarding the use of supplemental steroids in

patients with complications or at risk of complications of

cirrhosis. Studies to determine the role of corticosteroid

supplementation will be carried out but at the present

time the practical approach is to consider AI in patients

with cirrhosis where the prognosis is poor, especially

where response to therapy is suboptimal.
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Coagulopathy and clotting disorders
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Introduction

The liver has a key role in blood coagulation being involved

in both primary and secondary hemostasis [1]. It is the site

of synthesis of most coagulation factors and their inhibitors

except for von Willebrand factor (vWf) [2]. Liver failure is

accompanied by multiple changes in the hemostatic sys-

tem, because of reduced plasma levels of procoagulative

and anticoagulative clotting factors synthesized by the

intact liver [3]. Therefore, the hemostatic system is in a

delicate balance between prothrombotic and antithrom-

botic processes, aiming to prevent excessive blood loss from

injured vessels and prevent spontaneous thrombosis.

Moreover, during liver failure, there is a reduced capacity

to clear activated hemostatic proteins and protein inhibitor

complexes from the circulation. Thus, the global effect of

liver disease with regard to hemostasis is complex, so that

patients with advanced liver disease can experience severe

bleeding or even thrombotic complications. Finally, when

marked portal hypertension develops with secondary

splenomegaly, thrombocytopenia develops due to splenic

sequestration, but thrombocytopenia may also be due to

decreased hepatic thrombopoietin synthesis. Demon-

strated decreased platelet function could be balanced by

the concomitant increase in vWf. This delicate hemostatic

balance can be easily be tipped towards bleeding or throm-

bosis by superimposed conditions such as infections.

Hemostatic factors

Procoagulant factors

The liver is the site of synthesis of fibrinogen and factors

II, V, VII, IX, X, XI, and XII [4]; vWf is synthesized by the

endothelium [5]. Factor VIII is synthesized mainly by the

hepatic sinusoidal endothelial cells [6,7], but also by

endothelial and nonparenchymal cells in the kidney,

spleen, lungs, and brain [8]. Thus, the plasma concen-

tration of factor VIII, which is one of the most procoa-

gulant factors, is not decreased with liver disease, but it

has been shown to be increased [9]. This occurs possibly

because of increased endothelial synthesis and reduced

clearance via low density lipoprotein receptor-related

protein [5] and increased vWf [10]. However, the bio-

logic activity of the synthesized molecule is lower than

the plasma concentration [11].

Vitamin K is an essential cofactor for the production of

biologically active forms of the coagulation factors II, VII,

IX, and X. It promotes hepatic post-ribosomal conversion

of certain glutamic acid residues in the protein precur-

sors, to gamma-carboxyglutamic acid (Gla). These active

forms of the clotting factors chelate calcium at the Gla site

resulting in effective hemostatic function. In chronic liver

disease, the gamma-carboxylation is impaired due to

deficiency or antagonism of vitamin K, and inert precur-

sors are synthesized (known as proteins induced by

vitamin K absence, PIVKA) and released into the blood-

stream [12]. The clinical significance of these precursors

is not clear. In cholestasis, reduction of vitamin K absorp-

tion from the small intestine due to decreased bile salt

production can be compensated by parenteral adminis-

tration of 10mg/day vitamin K for 24–48 hours, but in

parenchymal liver disease, decreased levels of coagula-

tion factors are dependent on a decreased synthesis, so

that there is no improvement with vitamin K adminis-

tration [13]. This therapeutic trial can be used to assess

the eventual vitamin K deficit. Nevertheless, 25% of

patients with acute liver injury have a subclinical

deficit of vitamin K that may benefit from parenteral

administration with corresponding improvement of the
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international normalized ratio (INR) [14]. However, this

approach is not recommendend due to alterations in

prognostic scores in liver failure and possible changes

in indications to liver transplantation. In acute liver

failure, the first factors whose plasma concentrations

fall are those with the shortest half-life, factors V and

VII (12 hours and 4–6 hours, respectively), and factors II,

VII, and Xwill subsequently also be found to be low [15].

Factor VIII, together with vWf, is usually elevated,

whereas there is only a slight reduction of factors IX

and X. The differential effects on clotting factor levels

during acute liver failure occur because high levels of

cytokines increase levels of tissue factor which activate

factors II, V, VII, X, whereas any thrombin generated is

inhibited by antithrombin III, preventing activation of

factors VIII, XI, and consequently XI, thus preserving

their plasma levels [9].

Higher plasma des-gamma-carboxy (PIVKA) pro-

thrombin concentrations are found in patients with hep-

atocellular carcinoma, due to local production by tumor

cells. This abnormal prothrombin is thought to be a

growth factor for this tumor and to be associated with

poor prognosis [16].

Von Willebrand factor

Plasma concentration of vWf is substantially increased

in patients with acute liver failure, due to its increased

synthesis as an acute phase protein in response to tissue

injury [17–19]. With liver injury this may also be

secondary to endotoxemia associated with endothelial

dysfunction [5]. In chronic liver disease, endothelial

shear stress related to portal hypertension may also

contribute to the high plasma levels of vWf via a nitric

oxide (NO) stimulus [20]. Elevated levels of vWf seem

to support platelet adhesion despite their reduced func-

tional capacity [21]. Moreover, increased levels of high

molecular weight vWf multimers have been found to be

increased in end-stage liver disease, due to the concom-

itant decrease in ADAMTS13 (a disintegrin-like and

metalloproteinase with thrombospondin type-1 motifs

13) which specifically cleaves multimeric vWf between

Tyr1605 and Met 1606 [22]. These high molecular

weight multimeric forms may be responsible for micro-

thrombi formation in the terminal branches of portal

venules, further aggravating cirrhosis.

A correlation between severity of liver disease, hepatic

venous pressure gradient (HVPG) and vWf plasma anti-

gen levels has been documented and vWf higher than

315% has been shown to be a good predictor of

liver decompensation and death in a cohort of 286

patients [23].

Fibrinogen

Plasma fibrinogen is an acute-phase reactant, and

remains normal or increased in patients with liver

disease [24]. Lower levels due to decreased synthesis,

yet above 100mg/dL, have been reported only in

patients with very severe liver disease [25]. However,

this synthesized form is a nonfunctional fibrinogen.

About 60–70% of patients with liver disease have

nonfunctional forms of fibrinogen due to an increased

activity of sialyltransferase expressed by immature

hepatocytes generated during hepatic injury. This

leads to a low molecular weight fibrinogen with abnor-

mal α chains and higher sialic acid content [26]. This

counterbalances the high fibrinogen concentrations

found in patients with chronic hepatitis, cholestatic

jaundice, and hepatocellular carcinoma, which does

not result in increased clotting ability. Clinically, this

results in an abnormal thrombin time (TT), despite

almost normal prothrombin time (PT) and partial

thromboplastin time (PTT), with an apparently normal

concentration of fibrinogen. This abnormality is

reversed following recovery of liver function and after

liver transplantation [27].

Platelets

Abnormalities in both number and function of platelets

are common in patients with liver disease and contribute

to the impaired hemostasis seen in these patients.

About 70% of patients with chronic liver disease

develop thrombocytopenia, which is usually mild to

moderate (70–90× 109/L), and worsens with disease

progression and increased hypersplenism which

increases platelet sequestration [28–30]. Severe throm-

bocytopenia defined as platelet count less than 20× 109/L

occurs in only 1% of patients [31].

Thrombocytopenia has not been associated with an

increased risk of bleeding from esophageal varices (i.e.,

structural bleeding) or other sources, although there are

only few studies evaluating this, but it has been shown

to be correlated with blood loss during surgery (i.e.,

hemostatic bleeding) [32]. A higher spleen diameter :

platelet count ratio has been shown to have a high

predictive value for the presence of esophageal varices

in patients with cirrhosis [31].
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The issue of sequestration versus other causes of

thrombocytopenia in cirrhosis has been evaluated

recently by comparing platelet number in extrahepatic

portal hypertension, with that of cirrhotic patients hav-

ing a similar-sized spleen. This has shown less severe

thrombocytopenia in the noncirrhotic patients [33].

Synthetic function of the liver is essential for platelet

production via thrombopoietin, which regulates plate-

let production in the bone marrow [34]. Although

thrombopoietin is increased in patients with thrombo-

cytopenia due to a homeostatic response [35], this

occurs to a lesser degree with severe or chronic liver

diseases than in those subjects with a normal liver [36].

Lower thrombopoietin mRNA levels in cirrhotic liver

tissue [37] have been shown, confirming impaired

thrombopoietin synthesis. In addition, a low platelet

production from the bone marrow in cirrhotic patients

has been shown [38].

Hepatitis C virus (HCV) infection [39], acute viral

infection, alcohol abuse, and folate deficiency can result

in myelosuppression [40], further lowering platelet

counts. Consumption coagulopathy is not common in

cirrhosis and even if disseminated intravascular coagula-

tion (DIC) is present at a chronic low level, it does not

influence platelet count [41,42]. Thrombocytopenia may

also be contributed to by immune-mediated mechanisms

due to an increase in production from B cells of anti-

bodies binding platelet surface antigen GPIIb-IIIa and

GPIb/I, which has been shown in viral-related cirrhosis

B and C [43] and cholestatic liver diseases (primary

biliary cirrhosis, PBC; primary sclerosing cholangitis,

PSC) [44]. Among 368 patients with viral-induced cir-

rhosis, elevated titers of platelet-associated immuno-

globulin G were observed in 88% with HCV and 47%

with hepatitis B virus (HBV) infection [39].

Platelet function, as well as decreased platelet number,

has been shown to be impaired in patients with liver

disease with several laboratory activation tests [45].

Platelet aggregation in response to ADP, arachidonic

acid, collagen, and thrombin is subnormal, probably

due to a defective signal transduction mechanism [46].

Intrinsic defects [47] and abnormal plasma factors [48]

have also been shown to contribute to platelet function

abnormalities. An abnormal content of arachidonic acid

in platelet membranes is found in liver disease and

induces less aggregation ability mediated by thrombox-

ane A2 [49]. In plasma from cirrhotic patients, the

presence of an abnormal high-density lipoprotein

(HDL) may alter NO content in the cell, leading to

abnormal aggregability [50].

However, more recent data have questioned this

hypothesis. Urinary excretion of 11-deydro-thrombox-

ane (tx) B2, a stable metabolite of TxA2, was increased in

cirrhosis suggesting activation of platelets [51]. More-

over, recent flow cytometry analysis of platelet activa-

tion, as well as platelet-monocyte aggregates, is

consistent with hyperactivation of platelets in cirrho-

sis [52]. These recent findings could be explained by

the activation of platelet adhesion by thrombin which

is increased in cirrhosis and elevated levels of vWf,

especially its high molecular multimeric forms.

Cholestatic liver diseases that can demonstrate a nor-

mal or hypercoagulable state by thromboelastogra-

phy [53] have normal or hyperactive platelet function

when assessed by platelet function assay (PFA-100)

closure time and flow cytometric study of receptors [54].

When the platelet number is too low, cytometry or

aggregation studies may be difficult to interpret; throm-

boelastography, which is a global test of clot formation

and dissolution, measures both platelet function and

number by maximum amplitude parameter [55], and

can be used to assess platelet function.

Splenectomy is generally contraindicated in patients

with cirrhosis, because of the high mortality rate and risk

of secondary portal vein thrombosis, leading to increased

risk of bleeding from esophageal-gastric varices andmore

difficult surgery during subsequent liver transplant [56].

Splenic embolization with 30–50% reduction in flow can

normalize or significantly improve platelet number in

some patients with cirrhosis [57] and may be helpful if

invasive procedures such as embolization of hepato-

cellular carcinoma or interferon therapy for viral hepati-

tis are required. Insertion of transjugular intrahepatic

portosystemic shunt (TIPS) has been shown to increase,

but not to normalize, platelet number in some

cases [58,59].

Anticoagulant factors

Antithrombin III

Antithrombin III is a non-vitamin-K-dependent glyco-

protein synthesized by the liver but also by the endo-

thelium [60]. Its plasma concentration decreases in

patients with liver disease, in parallel with the severity

of liver dysfunction, probably due to reduced synthesis

Coagulopathy and clotting disorders 251



and/or increased consumption due to hyperfibrinoly-

sis [61]. Usually, the antithrombin III deficit is mild

and thrombosis as a complication is very rare, reported

only sporadically [62]. The decrease in antithrombin III

may be responsible for the demonstrated low plasma

levels of anti-Xa activity found in patients with cirrhosis

undergoing therapy with low molecular weight hepa-

rin [63]. However, the decreased level of anti-Xa activity

does not correspond to a reduced anticoagulation

response in patients with liver disease compared with

control subjects [64].

Proteins C and S

Proteins C and S are vitamin-K-dependent glycoproteins

synthesized mainly by hepatocytes [65]. Therefore, dur-

ing acute or chronic liver disease, their concentrations

can be decreased, but usually not below 20% of normal

values [66]. In patients with liver disease who also have

genetic deficiency, plasma concentration is often lower

than 20%. When there is severe liver disease, it can be

difficult to exclude coexistent genetic deficiency as levels

may be very low, due to very depressed synthesis [67]. In

this situation a concomitant finding of a normal level of

factor II and protein C: factor VII ratio can help to confirm

a coexistent genetic deficit [68]. In acquired deficiency of

vitamin K, a defective protein C lacking gamma-carboxyl

(PIVKA) is produced [1].

In cirrhotic patients, the decreased level of protein C

causes resistance to thrombomodulin activation which

increases thrombin generation compared with control

subjects, especially in Child C patients in whom the

imbalance between factor VIII and C is greater.

Protein C deficiency is not associated with extrahepatic

portal vein thrombosis [69]. Genetic deficiency of protein

S is extremely rare, yet accounts up to 7% of patients

with Budd–Chiari syndrome (BCS) or portal vein throm-

bosis, especially in series from Asia [70].

Disorders of the fibrinolytic system

All the proteins involved in fibrinolysis, except for tissue

plasminogen activator (tPA) and plasminogen activator

inhibitor-1 (PAI-1), are synthesized in the liver, and

indeed reduced plasma levels of plasminogen [71], α2-

antiplasmin, histidine-rich glycoprotein [72], factor

XIII [73], and thrombin-activable fibrinolysis inhibitor

(TAFI) [71] are documented in patients with cirrhosis.

Conversely, tPA levels are increased in liver disease, due

to decreased clearance, whereas its inhibitor PAI-1 is

normal or only slightly increased in plasma. Therefore,

the insufficient inhibitor concentrations accounts for net

increased fibrinolysis [74].

Hyperfibrinolysis is correlated with the severity of

liver dysfunction in cirrhosis as assessed by Child–Pugh

score [75]. Ascitic patients show a greater degree of

fibrinoslyis, because ascitic fluid has increased fibrino-

lytic activity: up to 20 L is reabsorbed daily, with fibri-

nolysis being correlated with endotoxin levels [76].

Increased levels of D-dimers, prothrombin fragments

1+2 (F1+2) fibrin degradation products and plasmin–

α2-antiplasmin complexes are found [77]. Many stud-

ies using different methodologies demonstrate hyper-

fibrinolysis (thromboelastography [78], diluted whole

blood clot lysis assay [79], and euglobin clot lysis

time [80]). Recently, TAFI has been evaluated: it is

decreased by an average of 26% in cirrhosis and by

50% in acute liver failure [81,82]. However, there is

some controversy regarding hyperfibrinolytic activity in

cirrhotic patients, as not all studies have confirmed this.

This may due to the particular in vitro assay used. In

contrast, in vivo correlation between hyperfibrinolysis

and an increased risk of variceal bleeding, compatible

with the circadian rhythm of hyperfibrinolytic activity

has been shown [83]. In addition, increased fibrinolytic

activity during liver transplantation and hepatic resec-

tion correlates with blood loss [84].

Interestingly, patients with cholestatic liver disease are

characterized by a normal or hypercoagulable state:

higher PAI-1 concentrations are seen than with other

etiologies, balancing the increased tPA activity. This

results in less hyperfibrinolysis in the reperfusion phase

during liver transplantation, and antifibrinolytic therapy

is not usually administered [85]. Thus, the clinical issue is

whether cirrhotic patients when under “stress” (e.g.,

during infection, surgery, or bleeding) exhibit increased

fibrinolysis, resulting in an increased bleeding tendency,

which is not manifest when patients are stable.

Disseminated intravascular coagulation

and accelerated intravascular

coagulation

DIC is characterized by intravascular fibrin deposition

due to activation of the clotting cascade, which over-

whelms the anticoagulation pathway. DIC causes con-

sumption of coagulation factors and platelets, and
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secondary fibrinolysis occurs, causing an increased bleed-

ing tendency [86].

Hemostatic abnormalities that are present in cirrhotic

patients share common laboratory features with DIC

(i.e., an prolonged PT and PTT, low fibrinogen level,

elevated fibrin-degradation product and D-dimer, and

thrombocytopenia) [87–89]. However, despite DIC-like

laboratory abnormalities (so-called pseudo-DIC) being

observed, autopsy studies in cirrhotics have shown little

evidence for fibrin deposition and clinically manifest DIC

is very rare [87].

More sensitive tests, quantifying proteolytic cleavage

products of the coagulation reaction (i.e., fibrinopeptide

A, F1+2, and fibrinolysis reactions (fibrin D-dimer,

high molecular weight fibrin–fibrinogen complexes or

soluble fibrin)), demonstrate an abnormal profile called

the accelerated intravascular coagulation and fibrino-

lysis phenomenon (AICF) in about 30% of cirrhotic

patients [78,90].

However, Ben Ari et al. [78] analyzed 52 patients

with stable liver disease showing that despite normal

F1+2 thrombin–antithrombin III complex and D-dimer

levels, thromboelastographic studies were able to detect

hyperfibrinolysis. AICF may be important in the portal

venous system, as this phenomenon is more pro-

nounced there than in systemic blood. This could be

related to higher levels of endotoxemia in portal blood,

which can trigger release of interleukin 6 (IL-6) and

tumor necrosis factor α (TNF-α), thus activating intra-

vascular coagulation [91].

Assessment of the risk of
thrombosis and anticoagulation

Thrombotic complications can paradoxically occur in

cirrhotic patients even if clinically they are regarded as

having hemorrhagic tendencies. Despite prolonged coag-

ulation tests, these patients cannot be viewed as being

“anticoagulated,” due to the demonstratated normal

thrombin generation due to the contemporary decrease

in synthesis of both pro- and anticoagulant factors [3].

Wanless et al. [92] contend that portal vein and hepatic

vein microthrombi cause disease progression in cirrhotic

patients. Hepatic vein and portal vein thrombosis was

found in at least 70% and 36%, respectively, of

explanted livers and were associated with regions of

confluent fibrosis (focal parenchymal extinction).

The formation of microthrombi could be due to the

increased platelet aggregation due to increased high

weight multimeric forms of vWf [21] or a combination

of increased blood flow and imbalance between pro- and

anticoagulation factors in patients with advanced cirrho-

sis, which results in increased thrombin generation [93].

Moreover, increased thrombin generation due to factor V

Leiden mutation was associated with a 3.28-fold

increased risk of rapid fibrosis progression in a Caucasian

hepatitis C cohort [94].

The proposed pathogenic mechanism lies in throm-

bin’s wide range of biologic activity, which includes

amplification of Par-1 signaling leading to activation of

stellate cells [95].

Portal vein thrombosis complicates cirrhosis in 0.6–15%

of cases, possibly leading to worsening of liver function,

and mesenteric infarction if the mesenteric vein is

involved [96]. Moreover, in these patients early antico-

agulation is indicated as it has been shown to repermeate

portal vein in about 46–75% of cases and prevent the

extension of the thrombus without causing complica-

tions [97–99]. A proposed algorithm is represented in

Figure 22.1.

In BCS, even if a prothrombotic cause is not identified,

anticoagulation should be started immediately after this

diagnosis, because many genetic prothrombotic defects

remain yet to be discovered and acquired disorders

common in BCS may be elusive such as polycythemia

vera or paroxysmal nocturnal hemoglobinuria. Early

anticoagulation ameliorates prognosis. Anticoagulation

therapy should continue even after liver transplantation

because of the high rate of recurrence and thrombotic

complications after orthotopic liver transplantation, and

also because multiple prothrombotic disorders not lim-

ited to protein deficiencies may exist [67].

Aside from organ-specific thrombosis, patients with

cirrhosis have been shown to be at greater risk of venous

thromboembolism and pulmonary embolism than non-

cirrhotic patients. In hospitalized cirrhotic patients, the

incidence of deep venous thrombosis ranges from 0.5%

to 8%, with only 1 in 4 receiving thromboprophy-

laxis [98,100]. Patients with cholestatic disease such as

PBC and PSC often exhibit a procoagulant state demon-

strated by thromboelastography, and may be prone

to thrombosis, but this has not yet been confirmed [53].

No guidelines are available regarding management of

thrombotic complications or prevention of emboli in

cirrhotic patients with atrial fibrillation. Thus, each
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patient must be assessed individually. An endoscopic

screen for varices must be performed and appropriate

prophylaxis against variceal bleeding should be instituted

particularly if there has been recent bleeding. Antiplate-

let drugs and nonsteroidal anti-inflammatory drugs

(NSAIDs) should be avoided as they may precipitate

bleeding and increase fluid retention and risk of renal

failure.

Assessment of the risk of bleeding

The role played by coagulation defects in the occurrence

of bleeding in cirrhosis is still unclear. This is particularly

because of the difficulty (and cost) in measuring static

procoagulant and anticoagulant activities, and assessing

the balance between the two. In addition, there are very

few tests that reflect or predict coagulation in vivo; PT

and INR are poorly correlated with the risk of bleed-

ing during interventional procedures in patients with

cirrhosis [101]. Recently, generation of thrombin has

been explored in vitro in patients with cirrhosis and found

to be normal. In this study, a resetting of the coagulation

and anticoagulation systems at a lower level was postu-

lated, because during liver disease both procoagulant and

anticoagulant pathways are affected in a parallel manner.

However, the in vitro technique has some drawbacks, the

major one being that platelets are substituted by phos-

pholipids [3]. Recently, the same authors have shown

that when platelets were adjusted to correspond to

whole-blood counts, patients with cirrhosis generated

significantly less thrombin than control subjects when

platelet count was less than 60× 109/L [102].

Clinical signs of coagulopathy in liver disease depend

on the degree of impairment of the hemostatic system.

Commonly, minor signs of bleeding tendency such as

gum bleeding and epistaxis are present, but major

bleeding can also be encountered. The role of hemo-

static abnormalities in the risk of variceal bleeding is not

clear. Impaired laboratory studies may indicate worse

Figure 22.1 Proposed treatment algorithm to treat portal vein thrombosis (PVT) in cirrhosis. LMWH, low molecular weight heparin;

PH, portal hypertension; TIPS, transjugular intrahepatic portosystemic shunt.
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hepatic synthesis serving more as a co-marker of dis-

ease rather than as a cause of hemorrhage. Hyper-

fibrinolysis has been shown to be associated but does

not necessarily cause increased risk of variceal bleeding,

in a cohort of 61 cirrhotics. Higher levels of fibrinogen

degradation products were associated with a greater

risk of variceal bleeding compared to patients without

(odds ratio 8), but Child–Pugh score and endoscopic

characteristics of varices remain the most important

prognostic factors [103]. Recently, the role of infection

and endogenous heparin-like substances demonstrated

by thromboelastography has been evaluated in variceal

bleeding. Infection may be a trigger factor for bleed-

ing [104] and both infection and heparin-like sub-

stances may be mechanisms responsible for the

persistence of bleeding in some [105]. Thromboelastog-

raphy, which is a quick and reliable method to assess

clot formation and lysis [55], also allows detection of

heparin-like substances. Studies from our group have

shown worsening coagulation detected by thromboe-

lastography during infection, due to low molecular

weight heparin-like substances [106].

Invasive procedures

Historically, PT and platelet count have been used to

assess the risk of bleeding prior to invasive procedures.

Cirrhotic patients have increased mortality and mor-

bidity during surgery [107], mainly due to increased

bleeding in 60% of cases [108,109]. Early studies linked

PT to this risk during surgery (PT prolongation >1.5 and

>2.5 seconds associated with 47% and 87% mortality,

respectively) [110], hence platelet count <50× 109/L

and PT >3 s have been considered relative contraindi-

cations to elective surgery [109]. In addition, portal

hypertension and collateral veins increase the risk of

bleeding during surgical dissection. Recently, severity

of liver disease has been shown to be correlated with

the risk of bleeding complications during brain surgery

with mortality up to 63% in Child C patients [111] and

mortality after cardiac surgery [112]. Recently, a paper

by Giannini et al. [113] demonstrated an increased risk

of bleeding following invasive procedures in patients

with platelet counts of less than 75× 109/L (10/32

versus 0/18; P= 0.008).

Hyperfibrinolysis [114] and clotting activation, due to

increased tPA levels, have been described in patients

undergoing liver resection [115]. However, another

study performed in patients undergoing laparoscopic

liver biopsy failed to demonstrate any correlation

between the risk of bleeding evaluated at the hepatic

puncture site and coagulation tests, so that the degree of

injury may be the important factor [116].

Liver biopsy is widely used diagnostically and to

grade the severity of liver disease or fibrosis. Moreover,

it is an essential tool used after liver transplantation to

diagnose rejection and other causes of graft dys-

function. Bleeding complications occur in 0.35–0.5%,

leading to mortality in 0.1% [117]. Despite the evi-

dence that there were no threshold abnormalities of

clotting tests associated with risk of bleeding during

laparoscopic liver biopsy, INR and platelet count are

considered essential to evaluate the bleeding risk for

percutaneous liver biopsy [118]. An audit from the

British Society of Gastroenterology (BSG) [119] per-

formed in 1991 showed a doubling of the risk of

bleeding in patients with INR �1.5, but that only

7.1% of the bleeding occurred with INR >1.5, and

90% occurred with a INR �1.3. Thus, having a normal

INR no more excludes the risk of bleeding than an

elevated INR suggests it. A cutoff for platelet count is

difficult to justify from the literature. Most textbooks in

the UK, and BSG guidelines, require platelet counts

above 80× 109/L [13], whereas a survey from the Mayo

Clinic suggested 50× 109/L as a cutoff [120]. Current

recommendations state that a percutaneous liver biopsy

can be performed safely without support when platelet

counts are above 60× 109/L [118]; however, all the

guidelines have set the platelet thresholds based on

“expert” suggestions rather than any firm evidence.

Blake et al. [121] advocated evaluating the use of

bleeding time to assess the risk of bleeding for per-

cutaneous liver biopsy, but this is not carried out in

clinical practice. If clotting parameters are outside stipu-

lated ranges, a transjugular liver biopsy can be more

safely performed, without plasma or platelet ther-

apy [122]. A plugged liver biopsy is also said to be safer,

but it may cause greater risk of bleeding in hypocoagu-

lable patients [117].

Risk of bleeding from variceal ulcers after variceal band

ligation correlates only with severity of liver disease, but

not with conventional coagulation tests nor thromboe-

lastography parameters [123].

During minor procedures such as thoracentesis, para-

centesis, or lumbar puncture performed in patients with
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liver disease, there are no firm guidelines as to the hemo-

static threshold for performing these tests. The largest

review on 608 patients who underwent paracentesis or

thoracentesiswithmild coagulationabnormalities showed

0.2%having excessive bleeding requiring transfusion and

0.02% mortality. There was no correlation with PT, PTT,

platelet count, and the risk of bleeding [124]. In another

study performed in 200 cirrhotic patients with INR�3 and

platelet count �19000/mm3 who underwent paracente-

sis, no complicationswere seen, regardless of baseline INR

and platelet count [125].

Bleeding occurs after dental extraction in about 3% of

procedures even with INR >3 and platelet count

<30 000/mm3 [126]. Local use of tranexanic acid could

be beneficial, because the oral and uterine cavities are

areas of excessive fibrinolysis. Therefore, local antifibri-

nolytic agents can be useful in the general population,

but clearly in those patients with other coagulation

defects.

A contraindication to the procedure is clinically evi-

dent in DIC or fibrinolysis [127]. Whereas it is impossible

using the evidence-based techniques currently available

to establish “safe” coagulation tests for these procedures,

equally, if notmore important, is to limit such procedures

to circumstances in which the perceived benefit of the

procedure is clearly greater than the risk.

Coagulation during infection
and sepsis

The overall cumulative incidence of infection in cirrhotic

patients is estimated to be at least 30% [128], and is

possibly associated with increased risk of variceal bleed-

ing [104]. Infection is associated with early rebleeding

and increased mortality [129,130]. Prophylactic antibi-

otic therapy led to less early rebleeding and better control

of bleeding in a randomized study [131].

Using thromboelastography, 20 cirrhotic patients

who experienced early rebleeding were found to

have worsening thromboelastographyparameters the

day before rebleeding [105]. Moreover, patients with

bacterial infection have worse thromboelastography-

parameters, which can be corrected in vitro by heparin-

ase I, which can cleave heparin-like substances [106].

The presence of heparin-like substances is associated

in some with increased anti-Xa activity [132]. Heparin-

like substances have been detected hours after variceal

bleeding [133]. Based on this evidence, the hypothesis

has been postulated that endotoxins and inflammation

due to infection can release heparinoids from the

endothelium and mast cells [106]. One study, not yet

replicated, showed increased heparan sulfate concen-

trations in patients with variceal bleeding compared

to patients without [134]. Moreover, sepsis can cause

impairment of platelet function, decreasing platelet

number and aggregability, due to increased NO

production [135].

Cytokines, in particular IL-6 and TNF-α released dur-

ing infection, can trigger DIC with hyperfibrinoly-

sis [136]. One study showed a strong association

between both fragment F1+2 and D-dimer with endo-

toxemia. These markers interestingly returned to normal

after antibiotic therapy [88]. Another report recently

showed decreased platelet count and levels of factors

VII, X, V, and II, in cirrhotic patients and severe sepsis,

suggesting consumptive coagulopathy [137], whereas a

further study found decreased activity of protein C,

which is associated with increased fibrinolysis [138].
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CHAPTER 23

Agents and drugs: precautions in patients
with cirrhosis
Felix Stickel
Department of Gastroenterology and Hepatology, University Hospital Zürich, Switzerland

Introduction

Administering drugs to patients with acute or chronic

liver diseases – either for the underlying liver disease, or

to treat nonhepatic conditions – is everyday routine in

medical practice. Concerns of physicians thatmany of the

functions that the liver harbors to handle foreign sub-

stances could be impaired due to the underlying liver

disease are understandable bearing in mind that the liver

has a central role in the absorption, distribution, and

elimination kinetics of most drugs and many active or

inactive drug metabolites [1]. Moreover, the liver is not

only the primary site of biotransformation of xenobiotics,

but also affects drug distribution, bioavailability, and

biliary excretion. In addition, patients with hepatic dys-

function may also be more sensitive to the effects, both

desired and adverse, of several drugs, and tolerate an

event of drug-induced liver injury (DILI) less well than

individuals without pre-existing liver diseases. However,

only few methods are available for the assessment of the

metabolic function of the liver, and among those that are

established, all capture only a proportion of the liver’s

function [2]. Avoiding known hepatotoxins and adjust-

ment of dosage of drugs without intrinsic hepatotoxicity

in patients with liver dysfunction may therefore be

required to avoid excessive accumulation of the drug,

active drug metabolite(s) thereof, and subsequent

adverse effects, either hepatic or extrahepatic. As no

surrogate parameter is currently available to reliably

reflect the patency of hepatic metabolism of drugs, their

pharmacokinetic characteristics and interactions with

other drugs must be considered to avoid therapeutic

misadventures in patients with impaired liver function.

While this is true for certain substances that are primarily

metabolized by the liver, a common misconception pre-

vails that subjects with pre-existing liver diseases are

more susceptible to develop DILI than those without.

In fact, clinical data supporting this general attitude of

caution are limited to only a few drugs, while the major-

ity of prescription and over-the-counter drugs can be

used safely.

Impaired liver function and drug
biotransformation

Any foreign compound that enters the human body

undergoes metabolism and elimination via exhalation,

urinary clearance, or biliary/fecal excretion. Anatomi-

cally and functionally, the liver is located between the

gastrointestinal tract and the systemic circulation.

Drugs (and multiple other molecules contained in

the gut) are absorbed predominantly in the small

bowel and transported to the liver via the portal

vein. Together, the intestinal epithelium and the liver

are responsible for the presystemic elimination, the so-

called first-pass metabolism of drugs and other xeno-

biotics before these reach the post-hepatic circulation.

Drug-metabolizing enzyme systems are present in

many tissues of the body, including the gut epithelia,

but their magnitude is expressed in liver tissue. Here,

biotransformation takes place by the action of multiple

drug-metabolizing enzymes including microsomal

cytochrome P450 isoenzymes, mixed-function mono-

oxygenases, glutathione-S-transferases, and UDP-

glucuronosyltransferases, to name but a few. Some of

these can be induced through variable mechanisms

which may lead to large interindividual variability in
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pharmacokinetics and susceptibility for drug-related

liver damage [2]. Obviously, the capacity to handle

drugs can be hampered with a reduced compartment

of metabolically active liver cells such as in severe acute

or chronic liver injury. Accounting for this impairment

of liver function, pharmacotherapy in clinical hepatol-

ogy requires the assessment of liver function beyond

the determination of routine laboratory biomarkers

such as liver-related serum transaminases (alanine

aminotransferase, ALT; aspartate aminotransferase,

AST) or markers of synthetic (coagulation factors, albu-

min) or excretory (conjugated bilirubin) function.

However, available methods reflecting the metabolic

function of the liver are neither satisfactory nor rou-

tinely used in clinical practice [3]. Thus, decision mak-

ing in clinical practice to date relies on data from clinical

population-based studies, case reports, spontaneous

reporting of adverse events to pharmacovigilance

authorities, safety data of registrations trials, and the

few randomized trials in which the incidence of DILI

in specific cohorts was deliberately sought. In addition

to scientific data, information on safety, applicability,

and contraindications of certain drugs are provided in

the manufacturers’ package inserts of drugs to guide

prescribers and users. However, the most important

factor in this context is that acting physicians are aware

of the true limitations and risks of several drugs in the

context of hepatic insufficiency, keep in mind the

possibility of DILI even with drugs generally considered

safe, and are able to translate this knowledge into

clinical judgment [4].

In the following sections, individual drugs associated

with a risk of causing DILI are described with a special

focus on the context of prescribing them to patients with

coexisting liver diseases. Among these, the use of only a

few is associated with an increased risk of DILI when

administered to patients with pre-existing liver diseases

(Table 23.1).

Acetaminophen/paracetamol

Paracetamol is among the most widely used antipyretic

analgesics in the world, and a common cause of fulmi-

nant hepatic failure [5], but differs from most other

drugs resulting in DILI in that its hepatotoxicity is dose

Table 23.1 Drugs to avoid or to be used with special precautions in patients with liver diseases.

Drug name/group Liver disease Remarks/precautions

Paracetamol/acetaminophen >2 g/day Alcoholic liver disease/cirrhosis Can be safely used up to 4 g/day in noncirrhotic patients

“Biologicals” (infliximab, etanercept,

adalimumab, certolizumab)

Untreated hepatitis B virus infection Co-treatment with antiviral agent required

(e.g., lamivudine, tenofovir)

“Disease modifiers” (sulfasalazine,

chloroquine, gold, methotrexate,

azathioprine)

Untreated hepatitis B virus infection Co-treatment with antiviral agent required

(e.g., lamivudine, tenofovir)

Add folate to methotrexate

Isoniazide-containing antituberculosis

treatment regimens

Alcoholic liver disease, chronic viral

hepatitis B/C, particularly when

coinfected with HIV

Regular liver enzyme level monitoring, switch to isoniazide –

sparing regimens according to guidelines [37]

HAART HIV–HCV coinfected subjects Increased incidence of DILI related to nearly all classes of

HAART agents; regular laboratory testing including lactate

(lactic acidosis)

Antidepressants All causes of advanced liver diseases Avoid MAO inhibitors, tricyclic antidepressants, and

nefazodone

Hormonal agents

Tamoxifen

Antiandrogens (flutamide,

cyproterone acetate)

Nonalcoholic fatty liver disease/insulin

resistance

Chronic viral hepatitis

Regular liver laboratory testing; restriction of use to clear

indications

Herbal preparations All liver diseases Lack of efficacy and safety data; restrict use to clinical trials

DILI, drug-induced liver injury; HAART, highly active antiretroviral therapy; HCV, hepatitis C virus; MAO, monoamine oxidase inhibitor.
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related and thus predictable once the threshold of

toxicity has been exceeded. Hepatotoxicity of paracet-

amol is due to biotransformation of the drug to a toxic

metabolite that requires conjugation with glutathione

via activity of glutathione transferase to be inacti-

vated [6]. Once glutathione is depleted, the toxic

metabolite, N-acetyl-p-benzoquinone imine (NAPQI),

binds to other nucleophilic groups in the cell. Cell death

ensues, especially in zone III hepatocytes around the

terminal hepatic vein, but also in nonliver cells that are

able to activate the parent compound such as renal

tubular cells, which can lead also to kidney failure.

NAPQI formation is enhanced with induction of cyto-

chrome-P450 2E1 (CYP2E1), an isoenzyme responsible

for the oxidative degradation of ethanol and other

chemicals (Figure 23.1). CYP2E1 can be induced, and

thus capable of increased NAPQI production, by

excessive alcohol consumption, obesity, and fasting,

thereby exhausting glutathione stores required for

NAPQI detoxification [7].

Awareness of paracetamol as a potential cause of liver

injury is relatively high, but this often leads to its avoid-

ance in patients with liver disease. However, contrary to

common belief, paracetamol can be safely used even in

patients with cirrhosis, although a maximum safe dose

has not yet been established.

Data from a randomized trial indicate an increased

incidence of liver enzyme elevations up to 20-fold the

upper limit of normal in healthy subjects taking 4 g/day

paracetamol [8], and an earlier study in regular and

excessive alcohol drinkers showed massive elevations

of transaminases and fulminant liver failure in 20% of

subjects who ingested paracetamol at doses of 4–6 g/day

[9]. However, another more recent study in which
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Figure 23.1 Under normal therapeutic circumstances, the magnitude of a therapeutic dose (>90%) of paracetamol is glucuronidated

(or sulfated) and then excreted. A small percentage is metabolized by cytochrome P450 enzymes (CYP) to the reactive intermediate

N-acetyl-p-benzoquinone imine (NAPQI), which is readily detoxified by conjugation with glutathione (GSH) (A). In situations of

overdose and/or induced CYP enzymes, as in chronic drinkers or the heavily obese, detoxification mechanisms are exhausted and

excessive formation of NAPQI occurs. In addition, glutathione stores may be depleted prior to paracetamol ingestion (malnutrition)

aggravating the heaptic insufficiency to detoxify NAPQI (B).
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subjects included consumed one or two alcoholic bever-

ages per day detected only mild elevations of liver

enzymes within the normal range following the intake

of up to 4 g/day paracetamol [10]. In line with the latter

study, Temple et al. [11] demonstrated that patients with

impaired liver function neither had higher NAPQI levels

nor liver enzyme elevations following repeated doses of

4 g/day paracetamol. Other studies support the view that

short-term use of paracetamol at 4 g/day in alcoholics,

particularly when abstinent, and subjects with hepatitis C

virus (HCV) infection is safe [12,13].

From these data it can be concluded – leaving a margin

of safety – that paracetamol dosed at or below 2g/day can

be given to patients with pre-existing liver diseases,

whereas doses up to 4 g/day should not be given long

term, particularly when regular alcohol consumption is

an issue.

Nonsteroidal anti-inflammatory
drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) are

potent agents used for the treatment of chronic mild

to moderate pain. NSAIDs are among the most widely

used drugs worldwide, either via prescription or as over-

the-counter preparations. However, non-selective

NSAIDs, also known as cyclooxygenase (COX) inhibitors,

carry an increased risk of serious upper gastrointestinal

complications, including gastroduodenal ulcers, perfora-

tion and bleeding, and liver injury. Regarding the latter,

along with anti-infectious agents, they top the list for

causes of DILI [14]. The incidence of liver disease induced

by NSAIDs reported in clinical studies is fairly uniform,

ranging 0.3–9 per 100 000 depending on the drug under

scrutiny, but considerable under-reporting of asympto-

matic, mild cases prevent a precise assessment of the

actual risk of DILI along with NSAIDs [15]. Following

numerous cases of severe liver injury including fulmi-

nant hepatic failure, several NSAIDs, such as bromfenac,

ibufenac, and benoxaprofen, have either been with-

drawn from the market, or, as for nimesulide, are

licensed with tight restrictions [16].

Although liver-related hepatotoxicity induced by

NSAIDs generally reveals a low incidence in the general

population, several agents appear to carry a higher risk

such as sulindac, diclofenac, and nimesulide. While the

incidence of NSAID-associated DILI in patients with pre-

exsting liver disease has not been systematically investi-

gated, several agents should not be used under certain

circumstances:

1 Physicians are advised to avoid any type of NSAID in

patients with end-stage liver disease because of the risk

of gastrointestinal bleeding and kidney failure aggra-

vating latent hepatorenal syndrome [17,18];

2 Aspirin is considered more hepatotoxic in patients

with cirrhosis, possibly due to hypoalbuminemia [19],

and may cause Reye’s syndrome, a sequel of metabolic

acidosis, hepatic encephalopathy, hypoglycemia, coa-

gulopathy, and azotemia following mitochondrial dys-

function for as yet unclear reasons [20];

3 Ibuprofen, which is frequently used to the treat flu-like

syndrome along with interferon-based treatment of

HCV infection, has been associated with acute hepatitis

in this context [21,22], but appears to be safe when

used in small doses on an “on demand” basis.

Antirheumatic agents

Methotrexate is an efficacious and cost-effective treat-

ment for rheumatoid arthritis and psoriasis, but associ-

ated with significant safety issues, particularly regarding

hepatotoxicity. Among the risk factors predisposing to

methotrexate-related liver injury are female gender,

steatosis, regular alcohol consumption, a higher duration

and cumulative methotrexatedose, and possibly, cother-

apy with acitretin, a synthetic retinoid [23]. However,

weighing the risks against the possible benefits of meth-

otrexate, a clear contraindication for its use in patients

with liver diseases appears inappropriate, also because

noninvasive biomarkers and novel follow-up tools such

as transient elastography (FibroscanTM) are availa-

ble [24]. Bearing this in mind, regular liver biopsies after

each 1.5 g of cumulative methotrexatedose – as recom-

mended by several guidelines – seems inordinate, even in

those with coexisting liver pathologies.

Mok et al. [25] retrospectively investigated the safety

of the use of disease modifying antirheumatic drugs

(sulfasalazine, chloroquine, gold, methotrexate) in

patients with rheumatoid arthritis, either with chronic

HBVand HCV infection (n= 30) or without (n= 62), and

found that all of the disease-modifier drugs were associ-

ated with significantly higher rates of liver enzyme ele-

vations, with a single case HBV reactivation in a patient

on azathioprine. In clinical practice, liver enzymes should
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be monitored during the start of therapy, and HBV

carriers be treated with an antiviral drug to prevent

reactivation.

Particular prudence must be applied when treating

patients with novel “biologicals” such as infliximab,

etanercept, adalimumab, or certolizumab who are

infected with HBV, because reactivation of viral replica-

tion and subsequent severe courses of acute hepatitis are

well described. In a recent systematic review of published

cases, HBV reactivation was reported in 39% of HBsAg+

carriers, and overall more likely to occur in patients

previously treated with immunosuppressive agents,

and lower in those who received antiviral prophylaxis

(23% vs. 62%; P= 0.003). Notably, acute liver failure

was reported in five patients, four of whom died [26].

This remarkable risk of biologicals in causing poten-

tially fatal sequelae of acute hepatitis in HBV carriers does

not apply to patients with chronic HCV in whom the

safety profile of anti-TNF-α agents seems to be acceptable

with only minor and rare incidents of liver enzyme

elevations [27].

Opiate replacement therapy

Buprenorphine, a synthetic molecule derived from the-

baine, has been marketed in numerous countries as an

opiate replacement therapy in drug addicts, a sub-

population of patients often afflicted with chronic infec-

tion with HCV and human immunodeficiency viruses

(HIV). At recommended sublingual doses, buprenor-

phine is well tolerated, although amild increase in serum

ALT activity can occasionally occur in some patients.

Some heroin addicts inject buprenorphine intravenously

and may develop plasma peak concentrations several-

fold higher than with sublingual administration. Several

case series have reported on acute cytolytic hepatitis with

marked jaundice following both intravenous [28] and

sublingual administration of buprenorphine [29,30]. Of

note, most patients in these series were anti-HCV posi-

tive. An interesting report described two HCV-positive

individuals who developed acute hepatitis following

intravenous buprenorphine, and cleared HCV-RNA after

hepatitis subsided [31].

However, more recent and larger series of intravenous

drug users receiving opiate replacement therapy with

buprenorphine, either infected with HCV or HIV,

documented no evidence of hepatotoxicity when

buprenorphine was taken in recommended doses

[32,33]. Thus, for clinical guidance, patients taking bupre-

norphine should be advised to take it only via the recom-

mended route, and at doses considered safe. Specific

follow-up guidelines are not warranted, but clinicians

should take buprenorphine hepatotoxicity into account

once liver enzyme elevations occur in a patient.

Naltrexone, a long-acting opioid antagonist that pos-

sesses no opioid agonist activity, was approved by the US

Food and Drug Administration (FDA) for the treatment

of opiate dependence in 1984 and alcoholism in 1994. A

black box warning by the FDA indicates that naltrexone

can cause liver damage and demands that users should be

informed about this prior to prescription. However, this

view has been challenged by many, and observational

studies have not confirmed the hepatotoxicity risk

ascribed to naltrexone neither when used in alcoholics

nor in patients with HCV coinfection [34,35].

As opposed to naltrexone and buprenorphine, no

reports on hepatotoxicity from methadone have been

published so far.

Antituberculosis agents

Derelict alcoholics with advanced alcoholic liver injury

or HIV-positive individuals with coexistent HBV or HCV

infection may be afflicted by tuberculosis in a substan-

tial proportion, and must be treated with antitubercu-

losis agents. It is important to note that up to 20% of

patients receiving isoniazide develop asymptomatic ele-

vation of liver enzymes, often without a tendency to

further deteriorate clinically. However, an increased

risk for isoniazide hepatotoxicity exists for elderly

patients, those who regularly drink alcohol, in mal-

nourished individuals, and in combinations of isonia-

zide with other antituberculosis drugs [36]. In addition,

as described in a previous study by Ungo et al. [37], HIV

positive individuals revealed a fourfold higher risk of

DILI from antituberculosis drugs, a fivefold higher risk

among subjects with chronic HCV, and a remarkable

14.4-fold risk in those coinfected with HIV and HCV.

Another study showed similar hazard ratios for patients

with chronic HBV infection receiving antituberculosis

agents [38].

Apart from isoniazide, rifampicin can also affect

hepatic function as it competes with bilirubin for binding

to the bile salt export pump, and can lead to otherwise
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harmless hyperbilirubinemia [39]. However, in rare

instances, rifampicin may also elicit acute hepatocellular

injury, likely via a hypersensitivity reaction [40]. Simi-

larly, pyrazinamide can also produce dose-dependent

hepatotoxicity and should be used with extreme caution

in combination with other antituberculosis drugs [41].

Guidelines issued by the American Thoracic Society

for patients with tuberculosis and coexisting chronic

liver diseases call for liver enzyme surveillance and

recommend treatment discontinuation if levels increase

fivefold, or threefold if accompanied by hyperbilirubine-

mia [37]. In those with isoniazidecontraindications such

as cirrhotic patients with or without decompensation,

alternative regimens consisting of rifampicin, with/with-

out ethambutol and fluoroquinolones (moxifloxacin,

levofloxacin), are recommended.

Antibiotics

Results of a recent US multicenter prospective study on

DILI-induced fulminant hepatic failure identified anti-

microbials as the leading group of causative agents with

46% of all cases associated with their intake [42]. The

most frequent single agents were sulfur-containing

antibiotics and nitrofurantoin. Genome-wide associa-

tion studies identified HLA genotypes as host genetic

susceptibility factors associated with flucloxacillin [43]

and amoxicillin–clavulanic acid [44] hepatotoxicity.

Whether there exists an increased risk of DILI due to

antibiotics among patients with concomitant acute or

chronic liver diseases is not known, and evidence-based

guidelines are not available.

Drugs to treat HIV infection

The mainstays of highly active antiretroviral therapy

(HAART) in HIV-infected patients comprise nucleoside

reverse transcriptase inhibitors (NRTI), non-nucleosidic

reverse transcriptase inhibitors (NNRTI), and protease

inhibitors. All of these drug classes have been associated

with DILI, particularly in patients coinfected with HBV

and HCV [45,46]. Among the clinical consequences

derived from HAART-related liver toxicity are events

with the potential to be fatal and, for this reason, many

anti-HIV agents are labelled with a liver-related FDA

black box warning (Table 23.2).

Without exception, all HAART agents can lead to a

phenomenon termed “immune reconstitution” in the

Table 23.2 HAART agents with increased hepatotoxicity in patients with coexisting chronic viral hepatitis B/C.

Drug Hepatotoxicity

rate (%)

Other risk factors Hepatic failure

in literature

Proposed mechanism

NRTIs

Abacavir

Didanosine

Stavudine

6

6

13

HLA-B*5701 polymorphism

Co-therapy with ribavirin

Co-therapy with didanosine/

hydroxyurea

+

+

+

Mitochondrial toxicity

Immune reconstitution

NNRTIs

Efavirenz

Etravirine

Nevirapine

20

3

19

High CD4 counts (>250) +

+

+

Hypersensitivity reaction

Idiosyncratic reaction

Protease inhibitors

Atazanavir/ritonavir

Darunavir

Ritonavir

Tipranavir/ritonavir

Saquinavir

15

7

26

20

17

High dose ritonavir �

+

+

+

�

Harmless

hyperbilirubinemia

Idiosyncratic reaction

CCR5 blockers (maraviroc) Unclear data + Unclear

Integrase inhibitor (raltegravir) 27 � Unclear
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setting of viral hepatitis, which clinically presents with

aminotransferase elevation and is considered a result of

an increased immunocompetence subsequent to effec-

tive HAART [47]. For example, among the NRTIs,

zidovudine, stavudine, and didanosine are associated

with symptomatic lactic acidosis and steatohepatitis due

to mitochondrial dysfunction with an incidence of

approximately 1–4 per 1000 patient-years which often

progresses to multi-organ failure with a high mortality,

even if the medication is stopped [48]. Another NRTI,

abacavir, has been linked to drug-induced hyper-

sensitivity reactions with clinical signs of skin rash,

fever, and pronounced fatigue, and cytolytic hepatitis

which can be fatal, particularly in an event of re-

exposure to abacavir [49]. Interestingly, abacavir-asso-

ciated drug hypersensitivity shows an association with a

HLA-B*5701 polymorphism [50].

Didanosine is more likely to cause DILI in HIV–HCV

coinfected patients treated with ribavirin as part of an

interferon-based combination to eradicate HCV. The

mechanism behind this interaction is an increased

intracellular phosphorylation of didanosine due to riba-

virin, leading to an increased risk of mitochondrial

toxicity [51].

For many NNRTIs, a higher rate of DILI among HIV-

infected individuals with chronic viral hepatitis can be

observed, and in this regard, nevirapine seems to be a

particularly frequent cause in up to 20% of HIV–HCV

coinfected subjects. Sulkowski et al. [52] found the high-

est rate of liver enzyme elevations among patients with

HCV coinfection receiving nevirapine compared to those

without. A typical pattern is drug-induced hyper-

sensitivity which typically occurs early within 3 months

of therapy, but idiosyncratic reactions without signs of

autoimmunity are also possible. Additional risk factors

for DILI due to NNRTIs are concomitant therapy with

protease inhibitors, CD4 cell numbers of >250 in women

and >400 in men, low body mass index, and certain host

genetic factors, which, however, are not part of the

regular decision-making algorithm when selecting the

type of HAART [53]. As for nevirapine in patients with

HCV coinfection, CD4 cell levels above 200 in females

and 250 inmales shouldmake prescribers refrain from its

use [54].

Protease inhibitors may cause harmless hyperbilirubi-

nemia not indicative of hepatotoxicity; however, signifi-

cant liver injury has been observed with ritonavir,

nelfinavir, saquinavir, and indinavir. Among these,

ritonavir in full dose is the most likely agent to induce

DILI, especially in patients coinfected with HBV and

HCV. Thus, in such patients, ritonavir should be given

in a reduced dosage [55].

With novel directly acting antivirals (e.g., boceprevir,

telaprevir) for the treatment of HCV infection now avail-

able, and many more under scrutiny in phase II and III

trials, their use in HIV-infected subjects in the future

increases the risk of interactions with HAART compo-

nents, and close pharmacovigilance will lead to the

identification of new risk constellations, and likely,

contraindications.

Drugs acting on the central nervous
system

Antidepressants

Patients with advanced liver damage including cirrhosis

reveal a high prevalence of depressive symptoms either

as a result of liver disease, its treatment, or as a separate

entity. Pharmacotherapy may be indicated in some, and

the selection of antidepressant with a low hepatotoxic

risk is warranted. However, antidepressant drugs are not

devoid of adverse effects, including hepatotoxicity with

all classes currently used. Liver impairment shows clini-

copathologic features that range from transient liver

enzyme elevations to even fulminant hepatic failure.

Traditional antidepressants such as monoamine oxidase

inhibitors or tricyclic antidepressants appear to have the

highest risk to induce liver damage compared with the

novel selective serotonin reuptake inhibitors

(SSRIs) [56,57]. In some databases of drug-induced liver

diseases, antidepressants account for up to 5% of

reported cases, while SSRIs have a low incidence of

hepatotoxicity from 1.28 to 3.62 cases per patient-year

and, among them, the incidence with sertraline is the

lowest of its group with 1.28 (0.42–3) cases per patient-

year [58]. Among the SSRIs, the highest number of

reports is available for paroxetine, possibly due to its

frequent use, whereas nefazodone, a serotonin–nor-

epinephrine reuptake inhibitor, can cause liver failure

due to mitochondrial injury and is the only antidepres-

sant agent that carries a FDA black box warning regard-

ing hepatotoxicity [59].

Whether any of the antidepressants are more likely to

cause DILI in patients with pre-existing liver disease is

not known, but it appears prudent to extrapolate the
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evidence above to this group of patients to avoid super-

imposed DILI in such patients, and to opt for agents with

the best safety record such as sertraline, when indicated

from the psychiatric point of view.

Antipsychotics

Antipsychotic neuroleptics including phenothiazines,

butyrophenones, and clozapine have been recognized

as causes of DILI in a variable but small proportion of

users and therefore can be considered unpredictable or

idiosyncratic. Presentation enzyme patterns can be hep-

atocellular, mixed, or cholestatic.

Phenothiazines such as chlorpromazine were among

the first neuroleptics recognized as causes of DILI, mostly

with a cholestatic presentation due to ductopenia, but are

less frequently used nowadays [59]. Butyrophenones,

such as haloperidol and bromperidol, are rare cases of

DILI which resembles that of phenothiazines [60]. Atyp-

ical neuroleptics such as clozapine or olanzapine are

increasingly used, and thus reports on their hepatotox-

icity have emerged [61,62]. Increased liver enzymes are

reported to affect 30–50% of patients treated with cloza-

pine [62,63]. As with antidepressants, no data exist as to

whether patients with pre-existing liver diseases, and

particularly those with cirrhosis, have an increased risk

of neuroleptic-associated DILI than those with appar-

ently healthy liver status, and physicians should not be

deterred from using them with appropriate laboratory

follow-up when indicated.

Anticonvulsants

Some liver diseases are associated with generalized con-

vulsions, such as alcoholic liver diseases, which require

appropriate pharmacotherapy. Several anticonvulsants

have been associated with DILI.

Phenytoin has long been used to treat epilepsy, and in

some countries, monitoring of liver enzymes monthly

during the first quarter of the year, and then 6-monthly,

is recommended. The risk of both acute and chronic liver

injury associated with the use of phenytoin, although

generally low, has been well described and is presumed

idiosyncratic in nature, as no studies have shown a

correlation between serum phenytoin concentrations

and hepatotoxicity [64]. Phenytoin can elicit a hepato-

cellular pattern of injury, although a cholestatic or mixed

pattern is more common and, in the majority of cases,

associated with hypersensitivity features early during

treatment [65]. In addition to acute liver injury, chronic

liver damage has also been reported as associated with

phenytoin [66]. Data on the incidence of phenytoin-

associated DILI in patients with liver diseases have not

been published as yet, and thus pre-existing liver disease

poses no contraindication for phenytoin.

Valproic acid is an antiepileptic used in the treatment

of bipolar disorder, and its toxicity profile is characterized

by a rare but well-documented hepatotoxicity. Fatal

hepatic failure associated with valproic acid occurs in 1

in 5000–10 000 of exposed patients who are predomi-

nantly male, of young age (<10 years), and often men-

tally retarded [67]. Liver injury associated with valproic

acid is of four main subtypes: transient and reversible

elevation in liver tests (in up to 50% of patients), toxic

hepatitis, hyperammonemia, and Reye-like syndrome.

Valproic acid carries a boxed warning from the FDA and

should only be used with frequent liver enzyme mon-

itoring, and even more carefully used, if at all, in patients

with cirrhosis as elimination of valproic acid is reduced

up to 50% [68].

Similar to phenytoin, carbamazepine can cause acute

liver injury with hypersensitivity features, albeit at lower

frequency [64]. Persistently high levels of gamma-

glutamyltranspeptidase and alkaline phosphatase should

raise the suspicion of ductopenia. Again, the risk of

carbamazepine-associated DILI is particularly high in

children and after longer therapy. If indicated, carbamaz-

epine can be used in patients with pre-existing liver

diseases but requires regular monitoring of liver

enzymes.

Most other anticonvulsants, including lamotrigine,

phenobarbital, and topiramate can be used safely in

patients with liver diseases as reports on hepatotoxicity

are rare exceptions.

Miscellaneous agents

Antihyperglycemic drugs

At the time of its introduction onto the market, trogli-

tazone was an effective antidiabetic drug with a fun-

damentally new mechanism of action, until individual

cases of liver injury and failure were reported subse-

quent to its use [69]. Concerns about a possible class

effect of the glitazones could be ruled out and post-

marketing pharmcovigilance has neither found signifi-

cant hepatotoxicity in diabetics nor in patients with

liver diseases with the use of rosiglitazone and
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pioglitazone. To the contrary, data from several clinical

trials indicate a potential benefit on liver enzyme levels

and histology of these agents in the treatment of non-

alcoholic fatty liver disease [70,71].

While package inserts and prescription information

state that metformin should not be used in patients

with liver dysfunction because of the risk of lactic acido-

sis, only few cases have been reported, and toxicity often

occurred in patients with alcoholic cirrhosis [72,73].

Considering the potential benefits from metformin in

patients with nonalcoholic fatty liver disease, its use in

patients with liver disease cannot be discouraged.

Hormonal drugs

Tamoxifen, an antiestrogen used as an adjuvant therapy

of breast cancer, has been recognized as a potential cause

of DILI, and cases of toxic hepatitis, massive hepatic

steatosis, multifocal hepatic fatty infiltration, hepatic

necrosis, and cirrhosis have been described [74]. Among

these lesions, steatosis is particularly frequent in more

than 30% of breast cancer patients treated with adjuvant

tamoxifen. A risk factor for DILI following tamoxifen is

insulin resistance as in patients with nonalcoholic fatty

liver disease which is associated with steatosis. However,

no clear contraindication for its use in patients with liver

diseases is defined.

In contrast, antiandrogens such as flutamide and

cyproterone acetate have been associated with fulminant

hepatic failure [75], and appear to carry a higher risk in

patients with chronic viral hepatitis [76].

Statins

Much concern has been raised over the safety of cho-

lesterol-decreasing statins (atorvastatin, simvastatin,

rosuvastatin), but which appears inappropriate consid-

ering the low frequency of adverse hepatic reactions

following their use [77]. Clinical trials aiming at assess-

ing the frequency of liver-related adverse reactions in

patients with nonalcoholic fatty liver disease [78] and

chronic hepatitis C [79] could not detect higher risk of

DILI in comparison to patients without liver abnormal-

ities, and one study even demonstrated improved trans-

aminase levels [80]. The latter effect was ascribed to

the metabolic improvements achieved with statin

treatment.

Although idiosyncratic liver injury along with statins

can be severe, it is very rare and thus they can be safely

used in patients with pre-existing liver diseases.

Complementary herbal medicines and

dietary supplements

Systematic investigations on the safety of complementary

herbal medicines and dietary supplements are scarce, and

not available in the subgroup of liver-diseased patients.

However, their use in this patient group is wide-

spread [81,82]. While a number of herbal medicines

show promising activity including silymarin and glycyr-

rhizin to inhibit HCVRNAreplication, Phyllantus amarus in

chronic HBV infection, and several herbal combinations

from China and Japan that deserve testing in appropriate

studies [83], reports about severe liver injury after the

intake of herbals and dietary supplements are accumulat-

ing [84,85]. However, the evidence supporting the use of

such products in healthy subjects is poor and the same

applies to individuals with liver diseases. Bearing in mind

the possible adverse hepatic reactions resulting from their

intake, the use of complementary herbal medicines and

dietary supplements cannot be recommended.

Assessment of DILI in patients with

cirrhosis

Recognition of adverse hepatic drug reactions in patients

with cirrhosis is sometimes particularly difficult as ele-

vations of indicative serum liver enzyme tests are either

due to the underlying orworsening liver disease or due to

the intake of a certain drug. However, if the enzyme

levels arewell-documented, a significant rise above those

levels or a changing pattern of laboratory abnormalities

should raise the suspicion of superimposed DILI. For DILI

in general, and for cirrhotics in particular, early

recognition of a precipitating drug as the cause of liver

injury is crucial as it appears to reduce the risk of

progression to acute liver failure or chronic liver dam-

age [86]. Since DILI can resemble other acute and

chronic liver injuries, and because specific tests are

needed to ascertain whether drugs are the cause of the

liver injury, diagnosis depends largely on the exclusion of

other etiologic causes and a high degree of clinical judg-

ment and suspicion from the physician in charge.

For DILI causality assessment, several standardized

scores have been proposed which rely on numeric scales,

probability, and expert opinion. While some of these

assessment systems are widely in use, all are compro-

mised by the fact that they are not validated, because

there is no gold standard method in establishing the

diagnosis of DILI. This particularly accounts for patients

with confirmed cirrhosis. Nevertheless, diagnostic scales
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and algorithms provide a helpful management checklist

for guiding the collection of clinical data required for

diagnosis. Among the many assessment tools, a scale

introduced by the Council for International Organiza-

tions of Medical Sciences (CIOMS) is currently the pre-

ferred method when suspecting DILI, in combination

with clinical judgment [87]. The scale was published

as the Roussel Uclaf Causality Assessment Method

(RUCAM) in 1993 and includes seven domains of which

each is given a numerical weight (Table 23.3). When first

validated, the CIOMS score has shown 86% sensitivity,

89% specificity, and a positive and negative predictive

value of 93% and 78%, respectively. Other scores, such

as the Maria and Victorino scale or the Digestive Disease

Week-Japan (DDW-J) scale consider similar aspects in

the setting of a suspected adverse hepatic drug reaction

(e.g., exclusion of other causes, chronology, rechallenge)

and perform similarly well in the assessment of DILI.

Another approach to assign or reject causality is distinct

from using numerical scores and based on expert judg-

ment. As relying on the opinion of a single expert would

be too subjective, all crucial data available are considered

by three experts to reach a consensus. This concept is

used as a standardizedmethod by the DILI network study

group [88], and outscored other numerical scores in

some studies [89]. However, a clear limitation of this

strategy is the absence of expert panels who can be

contacted in daily routine.

In summary, assessing causality between certain drugs

and liver injury in a patient with cirrhosis does not differ

from the assessment in noncirrhotic individuals. How-

ever, due to the limited hepatic reserve of cirrhotic

patients to withstand additional liver insults, immediate

recognition and subsequent cessation of suspected medi-

cation is particularly important. An algorithm of how to

proceed is proposed in Figure 23.2.

Table 23.3 Causality score proposed by the Council for the

International Organization of Medical Sciences (CIOMS).

Axis Points

Chronologic criteria:

From drug intake until onset

From drug withdrawal until onset

+1 to +2

0 to +1

Course of reaction �2 to +3

Risk factors 0 to +2

Concomitant medication �3 to 0

Exclusion of other causes �3 to +2

Published evidence of hepatotoxicity of suspected drug 0 to +2

Rechallenge �2 to +3

Causality level:

>8 points – defintive

6–8 points – probable

3–5 points – possible

1–2 points – unlikely

�0 points – excluded

Source: Danan et al., 1993 [87]. Reproduced with permission of

Elsevier.

Patient with adverse hepatic event

Suspicion

Hepatotoxic potential of the drug

Temporal circumstances

Exclusion of alternative causes

Positive diagnostic criteria

Reference literature 

Clinical signs/history 

Detailed drug history 

Differential diagnosis 

Search for confirmatory findings 

(host factors, lab findings, liver biopsy, 

CIOMS, dechallenge response) 

Figure 23.2 Diagnostic algorithm in the management of adverse hepatic drug reactions. CIOMS, Council for International

Organizations of Medical Sciences.
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Introduction

When the term cirrhosis was coined two centuries ago by

Laennec, it meant – by definition – an end-stage

irreversible liver disease. Nowadays this word encom-

passes a whole range of disorders including some degree

of reversibility [1]. The issue of regression or reversal of

cirrhosis was first noticed in animal models upon the

discontinuation of injurious agents to the liver or initiat-

ing treatment with antifibrotic agents [2], but this regres-

sion was not fully demonstrated in humans. Evidence of

fibrotic and/or cirrhotic regression were reported in

chronic viral hepatitis [3–5], alcoholic and nonalcoholic

steatohepatitis [6,7], and autoimmune hepatitis [8].

However, these studies concluded that, in spite of a

variable degree of fibrosis regression there was no com-

plete reversal of cirrhosis [3–8].

In hepatitis B virus (HBV) related cirrhosis, the use of

nucleot(s)ide analogs showed advantages for Child–

Turcotte–Pugh (CTP) score improvement and trans-

plant-free survival, and the incidence of hepatocellular

carcinoma (HCC) was reduced [9]. Interferon treatment

for patients with hepatitis C virus (HCV) related cirrhosis

inhibits the development of HCC [10] and improves

survival [11]. In situations where treating the underlying

process is not possible, specific antifibrotic therapy is

highly recommended [12].

HBV-Related Cirrhosis

Treatment is mandatory in patients with compensated or

decompensated cirrhosis and detectable HBV DNA, inde-

pendently of alanine aminotransferase (ALT) levels.

Patients with no HBV DNA detectable by current sensi-

tive tests should be monitored. Before treatment, the

following factors should be considered: age, HBV DNA

levels, hepatic performance, whether the cirrhosis is

compensated or decompensated, presence of esophago-

gastric varices, comorbidities and cofactors potentially

worsening liver disease, and the prospect of liver trans-

plantation (LT) [13].

Nucleot(s)ide analog therapy can achieve sustained

suppression of HBV replication, remission of liver disease,

and has been shown to halt disease progression and

prevent long-termcomplications, suchasdecompensation

and HCC [9].

Nucleos(t)ide analogs in compensated

cirrhosis

Since its introduction in the 1990s, lamivudine has been

considered as a safe and effective drug in suppression of

HBV replication [14]. It was reported that in patients with

compensated cirrhosis, prolonged therapy with lamivu-

dine was well tolerated and resulted in improved serum

biochemical values and loss of HBV DNA together with

clinical improvements in the form of decrease in CTP

scores, an improvement in albumin, and a reduced inci-

dence of ascites [15]. However, reports of long-term

antiviral treatment resistance and selection of antiviral-

resistant mutations with subsequent reduction of clinical

benefit may be associated with flares of the disease; even

frank hepatic decompensation was frequently described

with lamivudine [16]. Thus, other treatment strategies,

such as add-on therapies with another agent that lacks

cross-resistance, aremost often necessary for suppression

of viral replication and prevention of further worsening

of disease [17].
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Adefovir was the first nucleotide analog to be used in

cases of lamivudine resistance [18]. A number of studies

have clearly demonstrated that adding adefovir to

ongoing lamivudine was associated with a lower risk

of adefovir-resistance than switching to adefovir in

both hepatitis Be antigen (HBeAg)-positive and

HbeAg-negative patients with lamivudine-resistant

HBV [19,20]. Current guidelines recommend that

when adefovir is used as an add-on therapy in patients

with lamivudine-resistant HBV infection, lamivudine

should be continued indefinitely to decrease the risk of

hepatitis flares during the transition period and to reduce

the risk of subsequent adefovir resistance [21]. Random-

ized, placebo-controlled studies demonstrated that this

add-on therapy was safe and associated with substantial

virologic and biochemical improvement after 1–2

months of treatment [17]. The European Association

for the Study of the Liver (EASL) guidelines recommend

that in lamivudine-resistant YMDD mutations, tenofovir

monotherapy should be started [22].

Among entecavir-treated patients with advanced liver

fibrosis, improvement in fibrosis was observed in almost

60% of nucleos(t)ide-naive HBeAg-positive or HBeAg-

negative patients. The treatment was well tolerated.

The performance of entecavir relative to that of lamivu-

dine in patients with advanced liver fibrosis and/or

cirrhosis was comparable with the relationship observed

in noncirrhotic patients. Virologic response to entecavir is

associated with a lower probability of disease progression

in patients with cirrhosis, even after correction for possi-

ble baseline confounders. When using a threshold of

2000 IU/mL, the association between viral replication

and disease progression was reduced, suggesting that

complete viral suppression is essential for nucleos(t)ide

analog treatment, especially in patients with cirrhosis,

whether compensated or decompensated [23,24].

For chronic hepatitis B (CHB) patients with cirrhosis,

telbivudine can improve CTP score at 48 weeks of

treatment. One of the major drawbacks with long-

term telbivudine treatment is the development of

drug resistance [25].

Tenofovir is considered one of the first line drugs for

treatment-naïve patients. Having a potent antiviral activ-

ity, low resistance rate and toxicity, it can be used in the

long term for effective HBV DNA suppression. Tenofovir

is useful in patients with lamivudine, telbivudine, and

entecavir resistance; it is cost-effective for patients with

cirrhotic CHB [26].

CHB patients with advanced fibrosis are often not con-

sidered for treatmentwith pegylated interferon (PEG-IFN)

because IFN therapy may precipitate immunologic flares,

potentially inducing hepatic decompensation. Treating

HBeAg-positive CHB patients with advanced fibrosis

and/or cirrhosis with compensated liver disease, with

52 weeks of PEG-IFN-α-2b (100μg/week) alone or in

combination with lamivudine (100mg/day), resulted in

virologic response in about 25%of patients. Improvement

in liver fibrosis occurred in two-thirds of patients. The

authors concluded that PEG-IFN is effective and safe for

HBeAg-positive patients with advanced fibrosis. Patients

with advanced fibrosis or cirrhosis but compensated

liver disease should not be excluded from PEG-IFN

treatment [27].

Nucleos(t)ide analogs in decompensated

cirrhosis

Patients with decompensated HBV cirrhosis at initial

presentation have a poor short-term prognosis, with

an estimated 5-year survival of only 10–15% [4].

Although LT is an effective treatment option for decom-

pensated HBV cirrhosis, shortage of donor organs and

limited availability of resources worldwide precludes the

majority of HBV patients in endemic areas from under-

going transplantation, raising the issue of considering

antiviral therapy as an alternative option [28].

Pooled 1-year data of treating patients with decompen-

sated cirrhosis showed benefit favoring lamivudine vs.

untreated controls for CTP score improvement by at least

2 points and transplant-free survival [14]. Adefovirmono-

therapywas less successful in achieving undetectable HBV

DNA at 1-year in 41% than with lamivudine and ente-

cavir. Overall, 1-year transplant-free survival rates varied

from 78% with lamivudine to 95% and 94% with teno-

fovir and telbivudine, respectively [9].

The 1-year incidence of drug-resistant HBVwas almost

null with adefovir, entecavir, and tenofovir and around

10% with lamivudine although telbivudine was associ-

ated with almost 30% incidence at 2 years. Drug-related

adverse events were infrequently reported. All the oral

antiviral agents were associated with improved virologic,

biochemical, and clinical parameters at 1 year. However,

the efficacy of lamivudine is limited by drug resistance,

and adefovir is limited by its slower onset of action [29].

Other beneficial effects with the oral nucleo(t)side

agents included removal from the LT waiting list in

6% of patients receiving adefovir, 21% receiving
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lamivudine, and 11% treated with entecavir. Develop-

ment of HCC at 1 year was reported to be lower in treated

patients. However, lamivudine was not more effective

in reducing the incidence of HCC at 1 year compared to

untreated patients [9].

The largest amount of data involved lamivudine

monotherapy in decompensated HBV cirrhosis, presum-

ably due to the fact that this agent has been available for

over 15 years in many countries. Resistance to lamivu-

dine, which occurred in 10% of patients at 1 year, has

emerged as a major limitation especially in patients with

advanced disease who cannot tolerate biochemical flares

with emergence of drug-resistant HBV. HBV cirrhosis

patients had a higher rate of clinical outcomes when they

developed drug resistance during follow-up and a higher

mortality rate [14].

The data of entecavir monotherapy in patients with

decompensated HBV cirrhosis showed no evidence of

entecavir-resistant HBV at 1 year despite the presence of

lamivudine-resistant HBV in some of these patients

[24,30,31].

Data on the use of tenofovir and telbivudine in decom-

pensated HBV cirrhosis are restricted by the small num-

bers of studies for each drug. Tenofovir was as effective

and potent as entecavir with a similar side-effect profile

and no evidence of drug-resistance. Tenofovir-treated

patients were able to achieve HBeAg seroconversion

[32,33].

Drug safety is an important consideration when treat-

ing patients with decompensated cirrhosis who have

impaired drug metabolism, protein binding, and renal

functions. Lamivudine had the fewest number of serious

adverse effects. Renal insufficiency with associated renal

tubular dysfunction was reported in adefovir, tenofovir,

or entecavir-treated decompensated patients, especially

in those with low baseline glomerular filtration rate

(GFR) [9]. Recent studies have demonstrated an increas-

ing frequency of serum creatine phosphokinase (CPK)

elevations with prolonged tenofovir use. Thus, telbivu-

dine may be a second line agent for patients with decom-

pensated HBV cirrhosis due to safety concerns. There are

also some concerns regarding the long-term safety of

tenofovir in patients with malnutrition and low vitamin

D levels.

Another concern with the prolonged use of nucleos(t)

ide analogs is the potential for mitochondrial toxicity and

lactic acidosis, which may present with myopathy, neu-

ropathy, and rhabdomyolysis [34].

Hepatitis B virus-related acute-on-chronic

liver failure

HBV-related acute-on-chronic liver failure (ACLF) has

an extremely poor prognosis. The 3-month survival rate

was higher with those treated with entecavir or lamivu-

dine than in nontreated patients. Short-term antiviral

treatment with entecavir or lamivudine rapidly sup-

pressed HBV replication, increased the short-term sur-

vival rate, and reduced recurrence. Early administration

of long-term nucleoside analog treatment is recom-

mended for the prevention of recurrence of HBV-related

ACLF [35].

Hepatitis B virus-related liver

transplantation

In patients eligible for LT, treatment with nucleoside

analogs should be started in collaboration with a refer-

ence transplant center. This should aim to control the risk

of clinical deterioration, reduce viremia to as low as

possible before transplantation to reduce the risk of

HBV reactivation, and prevent the emergence of HBV-

resistant mutants (Figure 24.1). After transplantation,

the standard of prophylaxis is a combination of nucleo-

side analogs and anti-HBV immunoglobulins (HBIG).

Post-LT experience has been mostly reported with lam-

ivudine and/or adefovir. Data on entecavir, tenofovir,

and telbivudine are rare [36].

HCV-related cirrhosis

The clinical significance of treating patients with estab-

lished cirrhosis has been a matter of debate. Earlier

studies on the treatment of HCV-related cirrhosis failed

to demonstrate the benefit of viral eradication in subjects

with advanced liver disease [37,38]. However, retrospec-

tive, longitudinal study of cirrhotic patients treated with

IFN, and who were followed-up for 5 years, showed that

the annual incidence of HCCwas 2.3% for untreated and

1.0% for treated patients, whereas the incidence of

hepatic decompensation was 1.5% and 5.7%, respec-

tively, which supports the claim that eradication of HCV

infection prevents progression to potentially fatal com-

plications by fibrosis regression and lowering portal

hypertension, thus effectively confronting the debate

of reversibility of cirrhosis [39,40].

The analysis of four randomized trials, pooling data of

3010 treatment-naive patients treated with different
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regimens of standard IFN-α or PEG-IFN-α, with or with-

out ribavirin, demonstrated the reversal of cirrhosis in

half of patients with baseline cirrhosis. Cirrhotic patients

who have cleared HCV infection showed lower rates of

liver decompensation, HCC development, and liver-

related death [11]. Another international, multicenter,

long-term follow-up study from five large hospitals in

Canada and Europe of 530 patients with chronic HCV

infection who received an IFN-based treatment con-

cluded that sustained virologic response (SVR) was asso-

ciated with lower all-cause mortality [41].

Anti-HCV treatment in compensated

cirrhosis

Anti-HCV treatment in cirrhotic patients is less effective

than in noncirrhotics. Based on effectiveness and tolera-

bility reports, therapy has a significant effect in patients

with compensated cirrhosis, while decompensated

patients need to re-evaluate the risks versus benefits of

treatment [42].

The Markov model for cost-effectiveness of HCV ther-

apy demonstrated that the treatment of patients with

compensated cirrhosis was found to be the most cost-

effective strategy and resulted in improved survival and

decreased cost in comparison with all other strategies

[43].

The rates of SVR to PEG-IFN in combination with

ribavirin ranged 10–44% for HCV genotypes 1/4 to

33–72% for genotypes 2/3 in compensated cirrhosis,

compared with 29–55% for genotypes 1/4 and 70–

80% for genotypes 2/3 in noncirrhotic patients. HCV

clearance was associated with a reduced risk of liver

decompensation, HCC development, liver-related mor-

tality, and hepatitis recurrence after LT during a mean

follow-up of 7.7 years [11].

Triple therapy using telepravir or boceprevir had good

results for the treatment of treatment-naïve patients

affected by genotype 1 HCV with advanced fibrosis and

cirrhosis: F3–F4 as compared to SOC therapy [44]. IFN

treatment without achieving SVR does not seem to pro-

tect against HCC [40]. In genotype I HCV compensated

cirrhosis triple therapy with boceprevir, IFN, and ribavirin

improved SVR rates in patients with F3/4, with good

safety profile [45,46]; however, triple therapy with telap-

revir or boceprevir showed poor outcome and high rates

of serious adverse events in patients with advanced liver

disease with low platelet count and serum albumin [47].

Discontinuation rates in compensated cirrhosis ranges

from 5% to 53%. Dose modification, mainly to hemato-

logic toxicity of antiviral therapy, is more frequent in

patients with compensated cirrhosis (13–68%) than in

patients with less severe liver disease [11].

HBV-induced

cirrhosis

All patients with

cirrhosis start

monotherapy

Entecavir

or

Telbivudine

or

Tenofovir

Lamivudine if HBV

DNA>2x10
6

Decompensation is

alarming

Combination of

NAs

No history of

decompensation

No varices

PEG-IFN might be

considered 

Figure 24.1 Algorithm for the treatment of hepatitis B virus (HBV) induced cirrhosis. NA, nucleot(s)ide analog.
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Anti-HCV treatment in decompensated

cirrhosis

A few uncontrolled, single-center studies have investi-

gated the role of standard IFN mono- or combined

therapy with ribavirin in decompensated HCV-related

cirrhosis. Reports concluded that antiviral therapy in

patients with decompensated cirrhosis is possible and

may prevent HCV recurrence after transplantation in a

proportion of cases. However, potentially fatal side

effects of infections and of death related to infections

were reported, especially in patients with MELD >18 and

those with a low baseline absolute neutrophil count [42].

SVR rates ranged 0–16% and 44–57% in genotypes 1/

4 and 2/3, respectively, in the decompensated stage

regardless of the type of PEG-IFN used or absence or

presence of esophageal varices [48,49]. Decompensation

during 30-month follow-up occurred in 23% of respond-

ers compared with 69% of nonresponders or untreated

patients [11]. Viral eradication was also associated with

reduced mortality. The use of colony-stimulating factors

and erythropoietin allowed better treatment tolerance

[50].

Escalating the dosage of PEG-IFN2α starting at 90 μg/

week and escalating to 180 μg/week if tolerated was tried

in a small group of patients on low dose ribavirin was

associated with a significant reduction in all-cause mor-

tality and nononcologic liver-related morbidity in this

trial [51].

Hepatitis C virus-related liver

transplantation

The aim of establishing a pre-transplantation antiviral

therapy is either to attain an SVR at transplantation, or an

on-treatment HCV RNA clearance at transplantation.

The mere reduction of viral load should not be an aim

because, unlike in HBV cirrhotic patients, this has not

been proven to decrease the rate and/or severity of

recurrence in HCV cases. In post-LT cases, minimizing

allograft failure due to recurrence of HCV infection has

also been reported in the literature (Figure 24.2) [52].

Antifibrotic therapy

The concept of reversibility of liver fibrosis and cirrhosis is

not a recent one [53]; updates in our understanding of

the cellular and molecular bases of fibrogenesis over the

last two decades have led to the development of novel

therapeutic targets, and provided a framework for ther-

apeutic approaches to prevent, slow down, or even

reverse fibrosis and cirrhosis [12,54]. Antifibrotic thera-

pies may be directed against different areas in the fibro-

genic process, including inhibition of matrix deposition,

collagen synthesis, inhibiting stellate cell activation,

enhancing matrix degradation, or activation of stellate

cell death or apoptosis [54,55]. Many drugs with specific

“antifibrotic activity” were studied in human trials but

HCV-induced 

cirrhosis

Decompensated  

and liver 

Transplantation is 

considered

PEG-IFN/ribavirin  

aiming at SVR at 

transplantation

Decompensated CTP 

≥10 or MELD 18  

Liver transplantation is 

not considered

No PEG-IFN

No history of 

decompensation

No varices

PEG-IFN/ribavirin 

should be 

considered 

Figure 24.2 Algorithm for the treatment of hepatitis C virus (HCV) induced cirrhosis. CTP, Child–Turcotte–Pugh score; MELD, model

for end-stage liver disease; PEG-IFN, pegylated interferon; SVR, sustained virologic response.
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the results of these studies have been conflicting [12].

Although some of the drugs and agents detailed below

have demonstrated promising initial results as antifi-

brotic agents in clinical trials, they have yet to become

part of routine care for a variety of reasons. For some

drugs, the only results available are small uncontrolled

pilot studies, for others, the literature shows conflicting

results.

Specific antifibrotic therapies studied

in human subjects

Colchicine

Colchicine is a plant alkaloid that inhibits collagen secre-

tion through inhibiting polymerization of microtubules.

The antifibrotic effect of this compound is thought to be by

preventing collagen secretion and deposition. Colchicine

inhibited collagen formation effectively in experimental

animal models [56], but human studies led to conflicting

results. Some authors concluded that colchicine does not

appear to reduce hepatic fibrosis, and it cannot therefore

be recommended as a primary antifibrotic treatment [57],

while others reported colchicine to be an effective anti-

fibrotic drug for long-term treatment of chronic liver

disease in which fibrosis progresses towards cirrhosis after

5 years [58,59]. Colchicine is generally safe (although one

report concluded that itmay suppress the response to IFN-

α based anti-HCV therapy [60]. In alcoholic cirrhosis

treated with colchicine for up to 6 years, overall liver-

specific mortality was not reduced, but fewer patients

developed hepatorenal syndrome [61].

In primary biliary cirrhosis, the addition of colchicine

to ursodeoxycholic acid has resulted in a significant

reduction in disease progression [62]. Colchicine may

lower the incidence of the development of HCC in virally

related cirrhosis possibly through its anti-inflammatory

effect [12].

Angiotensin II antagonists

The angiotensin II system is a promising antifibrotic

target, as it is overproduced in the injured liver; it has

a role in stimulating stellate cell activation and fibro-

genesis. Studies in humans to test the effects of angio-

tensin receptor blockers in patients with advanced liver

disease in an attempt to reduce portal pressure or to

potentiate fibrosis regression reported that both losartan

and candesartan were effective in decreasing the hepatic

venous pressure gradient but fibrosis regression was not

evident [63,64].

γ-Interferon

IFN-γ has been shown to specifically inhibit extracellular

matrix formation by fibroblasts. This cytokine inhibited

stellate cell activation. Nine-month IFN-γ treatment sig-

nificantly reduced the fibrosis score in patients with

chronic HBV infection [65]. In one study, the authors

did not find a long-term benefit according to histologic

criteria. IFN-γ1b was safe and well tolerated in humans

with HCV infection and advanced fibrosis in a dose of 100

or 200 μg [66].

Peroxisomal proliferator activated receptor

gamma ligands

The peroxisomal proliferator activated receptor (PPAR) is

a family of nuclear hormone receptors and hepatic stel-

late cell activation during liver injury is associated with

reduced PPAR-γ expression. Treatment of underlying

nonalcoholic steatohepatitis using thiazolidinediones

may be associated with an improvement in fibrosis [67].

Pirfenidone

Pirfenidone is a small, orally bioavailable molecule that

appears to downregulate collagen synthesis, but its

molecular mechanism of action is not clearly understood.

Pirfenidone has been shown to have antifibrotic effects in

a variety of fibrogenic animal models and a few human

studies, including the lung, kidney, and liver [68].

Compounds with a potential antifibrotic

activity secondary to upstream effects

Many compounds seem to be capable of affecting fibro-

genesis by having an effect on important biologic events

such as lipid peroxidation, immune system modulation,

or others.

Silymarin

Silymarin reduces lipid peroxidation. It has been

reported to have variable effects. One study revealing

lowered mortality in patients with alcohol-induced liver

disease was debated [69]. As silymarin is considered to be

safe and is commonly used as a complementary medi-

cine, studies in patients with nonalcoholic steatohepatitis

or in those who have failed standard of care antiviral

therapy for HCV infection were initiated [70].

Ursodeoxycholic acid

Being a non-toxic bile acid, ursodeoxycholic acid is

considered cytoprotective by means of binding to
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hepatocyte membranes thus reducing inflammation and

downstreams fibrogenesis. It is important to stress that no

studies indicate a primary antifibrotic effect of ursodeox-

ycholic acid in the liver. However, a variety of reports

suggest that ursodeoxycholic acid may delay progression

of fibrosis in primary biliary cirrhosis through its effects

on biliary ductal inflammation, particularly if initiated

early in the course of the disease [71].

Polyenylphosphatidy icholine

Polyenylphosphatidy icholine is derived from purified

soybean extract. Having both antioxidant and antifibrotic

properties, it gained considerable interest in the treat-

ment of patients with liver injury, especially alcohol-

induced [72].

Interleukin-10

As a potent immune-modulator, interleukin-10 can

downregulate production of pro-inflammatory T-cell

cytokines. Endogenous interleukin-10 appears to slow

down the intrahepatic inflammatory response and

reduce fibrosis in several models of liver injury. Direct

antifibrotic effect for interleukin-10 has not been

established [73].

Miscellaneous antioxidants and

anti-inflammatory compounds

Methotrexate

Methotrexate has an anti-inflammatory activity and

has also been shown to have profibrogenic activity,

although the risk of fibrosis progression when used

in patients with skin or rheumatologic disease may

be less than commonly thought [74]. In patients with

primary biliary cirrhosis, improvement in disease and

fibrosis have been reported, but data on methotrexate

show either no or minimal effects, with or without

colchicine [75].

Corticosteroids

Corticosteroids have been used to treat a variety of liver

diseases, especially autoimmune hepatitis [8].

One of the major challenges in the field of fibrosis

therapy currently is how to monitor fibrosis. No antifi-

brotics are currently licensed for use in humans. The ideal

antifibrotic agent that is safe when used over a long

period of time, potent, orally administrated, specific to

the liver and nontoxic to hepatocytes, but inexpensive

has not yet been developed.

Conclusions

• The antifibrotic effect of colchicine is thought to be by

preventing collagen secretion and deposition.

• The angiotensin II system is a promising antifibrotic

target.

• IFN-γ specifically inhibits extracellular matrix forma-

tion by fibroblasts.

• Compounds with potential antifibrotic activity second-

ary to upstream effects include silymarin, ursodeox-

ycholic acid, and interleukin-10.
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CHAPTER 25

Bone disorders
Jane Collier
John Radcliffe Hospital, Oxford, UK

Introduction

Osteomalacia, osteoporosis, and osteonecrosis are bone

diseases seen in patients with liver disease. Osteomalacia

is surprisingly uncommon in adults with cirrhosis,

despite the high prevalence of vitamin D deficiency in

this population. Osteonecrosis, usually of the femoral

neck, is a rare condition seen predominately post-liver

transplantation, partly related to immunosuppressive

therapy [1]. This leaves osteoporosis as the most com-

mon bone disease affecting patients with cirrhosis.

Osteonecrosis

In a study of 360 patients with primary sclerosing chol-

angitis (PSC) and primary biliary cirrhosis (PBC) requir-

ing liver transplantation, only 1.4% had a history of

osteonecrosis [1]. This was often bilateral and usually

at the femoral neck. Not all patients were on steroids

which is the major risk factor. Although rare, the condi-

tion should be considered in patients on steroids who

develop hip, shoulder, or knee pain, particularly on

movement, as it is easy to miss.

Osteomalacia

The classic description of osteomalacia is of hypocalcemia,

hypophosphotemia, increased alkaline phosphatase and

parathyroid hormone, although serum calcium and phos-

phate levels are often normal. Hepatic osteomalacia as

defined histologically by bone biopsy is now rare in adults

with cirrhosis and cholestatic liver disease. In a study from

theMayo Clinic of 33 patients with end-stage PBC and PSC

undergoing liver transplantation, no cases of osteomalacia

were identified on bone biopsy and none were seen in

60 patients undergoing liver transplantation at another

center in the UK [2,3]. Case reports of osteomalacia com-

plicating cirrhosis in the literature are confined to patients

with malabsorption such as in celiac disease and cystic

fibrosis. It may also occur in untreated chronic cholestatic

disease of childhood. In contrast to osteomalacia, vitamin D

deficiency is common in cirrhotic patients [4].

Vitamin D deficiency

Vitamin D deficiency has been defined as 25-hydrox-

yvitamin D levels <20 ng/mL (50 nmol/L) with suffi-

cient levels as >30 ng/mL (72 nmol/L) [5]. Of patients

awaiting liver transplantation, 90–96% have low vita-

min D levels [1,4]. In a study of 43 hepatitis C cirrhotic

patients, 78% were vitamin deficient [6]. The severity

of vitamin D deficiency has been associated with liver

dysfunction rather than etiology [7].

Vitamin D is obtained from endogenous skin synthesis

following exposure to sunlight leading to production of

cholecalciferol (D3), both ergocalciferol (D2) and vitamin

D3 are also acquired through food (reviewed in [5]).

The liver is involved in bile salt production, absorption of

vitaminD, and subsequent 25-hydroxylation of vitaminD.

Intestinalabsorptionofcholecalciferoland25-hydroxycho-

lecalciferol is only affected in the presence of severe chole-

stasis where patients are jaundiced. Subsequent hepatic

25-hydroxylation of vitamin D3 has not been studied in

humans but in cirrhotic rats this process is not impaired.

Although low vitaminD does not lead to osteomalacia it

is a associated with reduced bone mineral density (BMD),

highboneturnover,andincreasedriskofhipfracture inthe

elderly. The precise contribution of low vitamin D levels

to osteoporosis in patients with cirrhosis is unclear [8].

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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Osteoporosis

Background

Osteoporosis is a major risk factor for fragility fractures,

which impact on morbidity including quality of life.

Osteoporotic fractures of the vertebral spine tend to occur

about a decade before those in the femoral neck. Corti-

costeroids tend to cause vertebral rather than hip frac-

tures. The former are often initially asymptomatic and

are often detected incidentally in cirrhotic patients on

cross-sectional imaging (e.g., CT scans looking for hepa-

tocellular carcinoma) (Figure 25.1).

BMD also falls in the first 3 months following liver

transplantation leading to an increase in fractures in the

first 2 years post-transplant. Although the rates of post-

transplant fracture have fallenwith the reduction in post-

transplant steroid dosage, it is important to detect in the

small proportion of cirrhotic patients suitable for liver

transplantation.

Osteoporosis is characterized by loss of bone mass and

strength. Peak bone mass is reached in the third decade

and then declines in both sexes but more rapidly in

women. The risk of fracture depends on bone density

but also on trabecular architecture and bone turnover as

well as the tendency to fall. The latter often occurs in

cirrhotic patients, because of low body mass index (BMI)

and loss of muscle mass, as well as in alcoholics.

Bone density is measured by dual-energy X-ray

absorptiometry (DEXA) scan but is only part of the

assessment of fracture risk (Figure 25.2).

Risk factors

Risk factors for osteoporosis are frequently found in

patients with cirrhosis: poor nutrition, excess alcohol,

corticosteroid use, and hypogonadism (Table 25.1).

Patients with end-stage PBC are also usually post-

menopausal women. Corticosteroid use, the equivalent

of 5mg prednisolone taken for more than 3 months, is a

particularly important independent risk factor for frac-

tures (reviewed in [9]). Previous fracture is a further

major clinical risk factor for further fractures indepen-

dently of BMD. Once a vertebral fracture has occurred,

the risk of a further vertebral fracture increases 10-fold

and that of a hip fracture two- to threefold. The 5–10 year

risk of fracture in an individual with low BMD can be

calculated using several algorithms such as the World

Health Organization’s fracture risk assessment tool

(FRAX index) [10,11]. Although cirrhosis has been incor-

porated into the FRAX index (as secondary osteoporosis),

the relative increased contribution of cirrhosis to fracture

risk in an individual is not clear because of the relatively

small numbers of liver disease patients in prospective

studies. However, FRAX is useful tool in showing how

age, BMI, and so on contribute to fracture risk. It is less

reliable in patients on corticosteroids as it uses femoral

neck BMD rather than that of the lumbar spine.

Prevalence

Various studies over the last two decades have shown that

the prevalence of osteoporosis in patients with cirrhosis

is between 12% and 55% (Table 25.2) [12–14]. The

difference between studies is probably a reflection of

Figure 25.1 Thoracic spine osteoporotic fracture seen on a

computed tomography (CT) scan in a 64-year-old woman with

diuretic-resistant ascites due to alcoholic cirrhosis. She

presented with a myopathy leading to the diagnosis of

cirrhosis. The fracture was identified on a CT scan showing

ascites and a small liver prior to a transjugular intrahepatic

portosystemic shunt (TIPS). She was treated with alendronate

once-weekly based on the presence of an osteoporotic fracture

without bone mineral density (BMD) assessment. She had

normal vitamin D levels of 52.9 nmol/L and no other risk

factors of osteoporosis apart from cirrhosis and alcohol excess.

BMD is not needed to start treatment but may be useful as a

baseline to assess if therapy needs to be continued after 5 years,

ideally with ascites drained.
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differences in age, etiology of liver disease, nutritional

state, hypogonadism, and severity of liver disease. In a

study of 58 patients with viral cirrhosis, the risk of osteo-

porosis was shown to be associated with the severity of

cirrhosis, with Child–Pugh A patients having a higher

BMD than those with Child–Pugh C disease [15]. In a

study of 243 patients with mixed end-stage liver disease

requiring transplantation, the only independent risk fac-

tors for osteoporosis were lower BMI in women and

Figure 25.2 Bone mineral density in a patient with cirrhosis: (A) lumbar spine; (B) femoral neck. This 57-year-old man with a

biliary cirrhosis due to combined variable immunodeficiency has a T score of –2.7 at vertebral spine and –3.0 at the femoral neck.

His other risk factors for fracture include malabsorbtion due to chronic cryptosporidia and a budesonide-treated enteropathy. He has

a low vitamin D level of 42nmol/L. According to the FRAX index his fracture risk is 15% at 10 years and that of a femoral neck

fracture 8.4%. The FRAX index underestimates the risk on steroids and its reliability in the presence of cirrhosis is unknown. He was

treated with a single dose of zoledronic acid intravenously because of malabsorption – ibandronic acid would have been an

alternative – and his vitamin D levels corrected.

Table 25.1 Risk factors for osteoporosis independent of cirrhosis.

Age

Previous fragility fracture

Oral glucocorticoid therapy (>5mg for 3 months)

Body mass index <19 kg/m2

Alcohol intake >3–4 units/day

Maternal/paternal history of hip fracture

Premature menopause <45 years
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increasing age [16]. Osteoporosis in hemochromatosis has

been associated with the degree of iron overload [17].

There are fewer data on fracture prevalence in patients

with cirrhosis. The limited data available suggest that

cirrhosis alone increases the risk of fracture by about

twofold. The severity of cholestasis is also related to the

risk of fractures, and in patients with cholestatic disease

undergoing transplant assessment fractures were identi-

fied in 20% [1,12].

Diagnosis

Measurement of BMD should be considered in all

patients with cirrhosis (Figure 25.3). Those patients

who should certainly be targeted for investigation

include older female patients, alcoholics, those with

low BMI and those with cholestatic liver disease. The

consensus on indications for bone density in cirrhosis is

summarized in Table 25.3 [18–20]. All patients receiving

corticosteroids equivalent to >5mg prednisolone for

Table 25.2 Prevalence of osteoporosis and fractures in cirrhosis and chronic biliary disease [12].

n Type of cirrhosis Osteoporosis (%) Referred OLT Fractures (%) Reference

60 Mixed 47 12

74 Viral 20 No 6.7 12

58 Mixed 43 Yes 12

32 Viral 55 No 12

81 PSC 16 No 3 12

243 Mixed 37 Yes 12

207 HCV+ alcohol 20 Yes 12

104 Mixed 12 Yes 12

156 PBC 43.7 Yes 22 12

204 PSC 32.5 Yes 16 12

84 Virala 43 No 13

185 PBC 31 20 14

HCV, hepatitis C virus; OLT, orthotopic liver transplantation; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis.
a Postmenopausal women in clinic setting and no difference in prevalence of osteoporosis between healthy controls.

CIRRHOSIS 

BMD 

+

T Score  normal 
T score < 1.5 
osteopenia 

T score < 2.5 
osteoporosis 

Fragility fracture 

Repeat BMD 2–3 years
Risk factor for fracture* or 

cor costeroids 

Assess risk factors  
for osteoporosis  

(see Table 1) 
BMD

S 

Fragil

T score

No                          Yes 

Calcium 1g + vitamin D3 800 IU 
TREATMENT MENTREA

• Alcohol, BMI <19, male hypogonadism, premature menopause, family history of fracture 

TT
amin

o

Figure 25.3 Algorithm for investigation of bone disease. BMD, bone mineral density; BMI, body mass index.
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longer than 3 months should have their BMDmeasured.

Bone density should also be part of the liver transplant

assessment because of the fall in BMD seen following

transplantation.

Care needs to be taken in interpreting results in the

presence of ascites as a volume of over 4 L has been

shown to reduce BMD measurements at the lumbar

spine [21].

The benefits of measuring vitamin D levels in cirrhotic

patientswithout osteoporosis remains unclear as there are

currently no studies assessing whether this reduces frac-

ture rates in patients with osteopenia or normal BMD or

hasanyotherbeneficial effects.AdequatevitaminD intake

through diet and/or supplementation with vitamin D3 is

usually recommended in the presence of osteoporosis in

postmenopausal women and so measurement of vitamin

D levels in this group is not unreasonable.

In patients identified as having osteoporosis, other

factors contributing to low bonemass should be checked,

such as celiac serology. Hypogonadism, which is a cause

of male osteoporosis, is common in male cirrhotic

patients and testosterone levels should be measured

together with steroid binding hormone levels to correct

for low serum albumin levels.

Treatment

The evidence for treatment of osteoporosis in patients

with liver disease is based on trials in patients with

postmenopausal osteoporosis. There are only a few small

studies in patients with cirrhosis, the majority in PBC,

and improvement in BMD rather than more clinically

important fracture rates have been used as outcome

measurements (reviewed in [12,18,19]). An algorithm

is shown in Figure 25.4.

Vitamin D

Calcium and vitaminD supplementation has been shown

to reduce fractures in elderly patients living in sheltered

accommodation and consequently most patients in trials

of other treatment modalities for osteoporosis are rou-

tinely given vitamin D and calcium, usually 800 IU/day

Table 25.3 Indications for bone mineral density in chronic liver

disease.

Indication AGA EASL

Cirrhosis + +

Liver transplant assessment + +

Corticosteroids + +

Previous fracture +

PBC at diagnosis + +

Postmenopausal and other risk factors for

osteoporosisa
+ +

Male hypogonadism +

Alcohol misuse +

Cholestatic chronic liver disease ++ +

Hemochromatosis +

Data from AGA Clinical Practice Committee [18] and European

Association for the Study of the Liver [20].

PBC, primary biliary cirrhosis.
a Premature menopause; low body mass index, maternal history of hip

fracture.

DECISION TO TREAT 

Investigations
 Vitamin D 

+

+

Testosterone and SHBG in men General

Weight-bearing exercise

Stop risk factors (i.e., alcohol)

Calcium 1g and Vitamin d3 800 IU 

maintenance  

Repeat BMD 2–3 yearly, or before transplantation

Bisophosphonate

Gen

tio

Treat deficiency

Testosterone depot

Vitamin D 

Figure 25.4 Algorithm for treatment of osteoporosis. SHBG, steroid hormone binding globulin.
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vitamin D3 and 1 g/day calcium supplementation, as it is

difficult to obtain adequate vitamin D intake by

diet alone.

Recommended doses of vitamin D replacement in

deficiency states vary from 50000 IU/day orally for 6

days of 25-hydroxyvitamin vitamin D (D2) followed by

50000 IU/month for patients with levels of <25nmol/L

(local guidelines) to 50000 IU/week for 16 weeks and

then 50000 IU maintenance dose [5]. It is unclear

whether higher doses are needed in the presence of

cirrhosis. In one study, patients with alcoholic cirrhosis

had a better response to a single oral high dose

(30000 IU) of cholecalciferol (D3) than to a similar

dose of ergocaliciferol (D2) [22]. In a second study,

65 patients with cirrhosis, one-third with a vitamin D

level<25mnol/L, were given low dose vitamin D replace-

ment with only 1000 IU/day ergocalciferol orally (D2),

cholecalciferol D3 (50 μg), with only 25% replete after

4 months, indicating the need for high doses in cirrhotic

patients [23].

The effect of treating vitamin D deficiency on BMD

in cirrhosis is less clear but in a nonrandomized study

of 25 patients with alcoholic cirrhosis and low serum

vitamin D levels, hydroxyvitamin D3 supplementation

did increase BMD over baseline values [24]. In a

further study of 76 patients with cirrhosis, 1-alpha, 25-

hydroxyvitamin D3 resulted in a small increase in BMD

at the lumbar spine but no data were given on the

effect on fractures [25].

Bisphosphonates

Alendronate, etidronate, ibandronate, and risedronate,

which prevent bone resorption, are used for treating

postmenopausal osteoporosis. These drugs are usually

given with calcium and vitamin D. They have been only

studied in a small number of patients with chronic liver

disease and so data on their efficacy in this setting are

lacking [12].Most studies have been conducted in patients

with PBC [26]. In PBC, alendronate increases bone mass.

In a study comparing weekly alendronate with monthly

ibandronate given over a 2-year period, the improvement

in lumbar BMD was similar but compliance was better in

the ibandronate group [27].Markers of bone turnover also

fell with alendronate although no lumbar spine fractures

were seen in either group [12,18,19]. There were

no esophageal complications from daily alendronate

although another study in PBC has suggested that once-

weekly alendronate is better tolerated than once-daily.

There are no studies of safety or efficacy of bisphospho-

nates in cirrhosis but anecdotally once-weekly bisphosph-

onates appear to be well tolerated although it would be

reasonable to exert caution in using the drug in patients

with recent esophageal banding. If safety or compliance is

an issue then bisphosphanates can be given parenterally

either monthly (ibandrabonate) or yearly by intravenous

infusion with zoledronic acid.

Hormone replacement therapy

This has become less widely used in those with post-

menopausal osteoporosis because of the concern about

the risks of thromboembolic disease and gynecologic

malignancy. It can be used safely in patients with chronic

liver disease and is ideally given transdermally. There are

no studies of efficacy in patients with cirrhosis and only

one small randomized controlled trial in patients with

PBC and noncirrhotic patients. In PBC, transdermal

hormone replacement therapy (HRT) was shown to

improve BMD after 2 years but the study was not pow-

ered to show any effect on fractures [28]. In a further

open-labeled study of 18 patients with PBC, only one

patient had to stop the transdermal HRT because of rising

transaminase levels [29].

Testosterone

Hypogonadal patients with chronic liver disease should

be treated with transdermal testosterone as it leads to

stable hormone levels avoiding the exposure of the liver

to surges in levels seen with oral or depot preparations. A

concern about restoring testosterone levels to normal in

cirrhotic patients has been the theoretical risk of increas-

ing the risk of hepatocellular carcinoma, though this has

never been demonstrated.

Other treatments

Strontium reduces vertebral and nonvertebral fractures

in postmenopausal osteoporosis with the main side effect

of diarrhea. Its mechanism of action remains unclear and

to date there are no studies of its efficacy in chronic liver

disease. Its use may be considered in patients intolerant

of bisphosphonates.

Recombinant parathyroid hormone has been used for

secondary prevention of fragility fractures in post-

menopausal women intolerant of bisphosphonates. It

acts by stimulating new bone formation.

Denosumab is a monocloncal antibody to nuclear

factor κβ ligand (RANKL) that mediates osteoclast
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activity and survival. It has been shown to reduce verte-

bral fractures in postmenopausal women after 3 years

from 7.2% to 2.3% but there are no studies in patients

with cirrhosis. RANKL is also expressed on immune cells

and so could potentially increase infection rates in cir-

rhotic patients [30].

Monitoring therapy

Serum markers

The effects of therapy can bemonitored with repeat BMD

and/or by biochemical monitoring of serum markers of

bone turnover. Biochemical markers allow detection of

bone turnover within 3 months whereas radiographic

methods take 12–24 months to detect changes in BMD.

The two problems with using serum markers in cirrhosis

are that it is still unclear whether short-term measures of

bone turnover can predict long-term fracture risk and

serummarkers are also not specific to bone. Biochemical

markers of bone formation include procollagen peptides

of type 1 collagen, amino-terminal and carboxylterminal

(PICP) and osteocalcin. Markers of bone resorption

include urinary excretion of deoxypyridinoline, pyridi-

noline, and serum type 1 collagen cross-linked N telo-

peptide (P1NP). In several small studies of patients with

cirrhosis, both markers of bone resorption and bone

formation have been found to be independently affected

by the degree of liver fibrosis, severity of liver disease,

and coexistent renal function [31,32]. This means that

repeat BMD is currently the only way of assessing the

efficacy of treatment for osteoporosis in patients with

cirrhosis.

Length of therapy

In postmenopausal osteoporosis, concern has been

raised about the potential affects of long-term

bisphosphonates on bone structure after 5 years and

the theoretical risk of microfractures. Bisphosphonates

such as alendronate and zolendronate are retained in

bone and suppress bone turnover for up to 18 months

after drug withdrawal. BMD should be repeated at 3

years to ensure no progressive fall in bone mass on

treatment. The need for continuing bisphosphonates

should be reassessed at 5 years and it may be possible to

stop in young patients with improved BMD who have

not had a fracture and where some of the initial risk

factors have gone (e.g., abstinence from alcohol or

cessation of steroids) [33].

Conclusions

• Osteoporosis is common in cirrhosis.

• Vertebral fractures occur about a decade before hip

fractures.

• Prevalence is related to severity of liver disease.

• Risk of fractures remains highest in those with previ-

ous fracture and on steroids.

• Vitamin D deficiency affects >50% of cirrhotic

patients.

• Hypogonadism should be excluded in men with

osteoporosis.

• Bisphosphonates are well tolerated and form the treat-

ment of choice.
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CHAPTER 26

Pruritus
Nora V. Bergasa
Metropolitan Hospital Center, New York; New York Medical College, Valhalla, New York, USA

Pruritus, or itch, is an unpleasant sensation that triggers

the need to scratch. The pruritus of cholestasis can be

severe, associated with sleep deprivation, and it may lead

to suicidal ideations. It can be generalized, localized to

some areas, constant or intermittent, and in some

patients it can increase in the premenstrual period [1].

Violent scratching can lead to excoriations, which may

become secondarily infected, and prurigo nodularis;

however, it is difficult for patients not to scratch because

pain from heavy scratching can be associated with the

relief of itch [2]. Pruritus, the most troubling symptom in

women with cholestasis of pregnancy, resolves after

delivery; if it does not, liver disease has to be excluded.

A retrospective study from the United States found

that 5% of patients with chronic hepatitis C presented

with pruritus, which correlated with advanced dis-

ease [3], and from a retrospective review from a center

in Europe, it was reported that 40% of patients with

chronic pruritus from liver disease had chronic viral

hepatitis B or C [4].

In patients with primary biliary cirrhosis (PBC), the

presence of intrahepatic florid bile duct lesions and

granulomata were significantly related to the severity

of pruritus (and fatigue), as assessed on the day of the

biopsy [5]. The prutitus has not been consistently

reported to correlate with biologic markers of disease [6].

An increased likelihood of reporting symptoms (and not

responding to ursodeoxycholic acid, the drug approved

for the treatment of this disease) was reported to corre-

late with presentation of PBC at less than 50 years of age

in a study from the United Kingdom [7].

An internet survey conducted in members of the

PBCers, an organization that supports education in

PBC, revealed that 69% of patients experienced pruri-

tus [1], consistent with the prevalence reported in other

studies [8]. The itch preceded the diagnosis of liver

disease by some years in a substantial number of

patients [1]. In most patients (65%), the itch was worse

at night, and sleep was affected in 74%. Only a minority

of the patients who participated in the survey had the

pruritus addressed by their physician [1], underscoring

the need to educate the medical establishment and

patients regarding the association between pruritus

and liver disease.

It has been inferred that the pruritogens that mediate

pruritus aremade in the liver and excreted in bile, and, as

a result of cholestasis, accumulate in body tissues. In

support of a hepatic origin of the pruritogen(s) or its

cofactors are the following observations.

1 In patients with cholestasis, the cessation of itch por-

tends liver failure [9], as if some degree of liver func-

tion were necessary for the pruritogen(s) to be made,

or for the sensation to be perceived.

2 Patients with pruritus report the disappearance of their

symptom after liver transplantation [10].

3 Complete relief of cholestasis from mechanical

obstruction (e.g., common duct stones) is associated

with disappearance of pruritus [8].

If the liver is the source of the pruritogen(s) and the

pruritogen(s) is excreted in bile, genetic polymorphisms

in the genes that code for biliary transporters may be

relevant in the biliary excretion of pruritogenic sub-

stances. In the hepatocyte, MRP2 (ABCC2) mediates

the transport of several organic anions [11] and, inter-

estingly, in the context of the pruritus of cholestasis,

opioid ligands are substrates of MRP2 [11]. A single

nucleotide polymorphism (SNP) characterized by the

substitution of valine for glutamate (V1188E) in exon

25 of the MRP2 gene was found in heterozygosity in a

group of patients with PBC [11], and significantly asso-

ciated with the presence of pruritus. Thus, V1188E in

MRP2 may change the way the pruritogen(s) or its

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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cofactors are transported from the hepatocyte into the

bile canalicula or into the central nervous system (CNS).

SNP in relevant genes may explain, in part, why not all

patients with cholestasis experience pruritus [8].

Pathogenesis of the pruritus
of cholestasis

Clinical research in the pruritus of cholestasis was stimu-

lated by the landmark publication by Thornton and

Losowsky [12] in which it was reported that patients

with PBC and pruritus experienced an opiate with-

drawal-like reaction and amarked decrease in thepruritus

after the intake of an opiate antagonist (i.e., nalme-

fene) [12]. The reaction, which included high blood pres-

sure, insomnia, and abdominal pain,was in sharp contrast

to the absence of any reaction in normal volunteers who,

in other studies, had taken 60 times the dose of the drug

administered to the patients with cholestasis [12]. The

relief of the pruritus by nalmefene was proposed to be

from the inhibition of release of pruritogens by the opiate

antagonist [12]. The results of this study stimulated a

reassessment of the mechanism by which nalmefene

had relieved pruritus in the patients reported [12]. An

alternative interpretation was submitted as a hypothesis:

“increased availability of endogenous opiate [opioid] ago-

nist ligands at central opiate [opioid] receptors may con-

tribute to the pruritus of cholestasis” [13]. Thebasis for this

hypothesis was: (i) the opiate withdrawal-like reaction

precipitated by theopiate antagonist nalmefene inpatients

with cholestasis [12], hence suggesting that central opioid

neurotransmission was increased, and (ii) the pruritus

associated with the pharmacologic increase in opioidergic

neurotransmission (tone) by the central administration of

drugs (i.e., morphine) with agonist activity at the opioid

receptors (i.e., mu opioid receptor according to current

knowledge) that can be prevented and ameliorated by

opiate antagonists [14].

If cholestasis is associated with increased opioidergic

tone [13], and the pruritus of cholestasis is mediated, at

least in part, by this type of neurotransmission, opiate

antagonists should decrease the sensation and its behav-

ioral manifestation, scratching activity. Indeed, evidence

in support of this hypothesis has been provided by con-

trolled clinical trials that have documented a significant

relief in the perception of pruritus [15–21] and a signifi-

cant decrease in hourly scratching activity, measured by a

scratching activity monitoring system that records

scratching activity independent from gross body move-

ments [15,16,19,20]. The results of a meta-analysis that

included five trials of opiate antagonists, three that tested

the effect of opiate antagonists administered orally (i.e.,

naltrexone and nalmefene) and two that tested the effect

of intravenous naloxone, with a total of 84 participants,

also support an ameliorating effect of this type of drug on

the pruritus of cholestasis [22]. Accordingly, the use of

opiate antagonists to treat patients with this type of

pruritus is specific, and supported by scientific evidence

from controlled clinical trials, based on a clear ratio-

nale [15–21]. Studies exploring the role of single types

of opioid receptors have identified an antiscratching

effect of kappa agonists [8]. In this regard, nalfurafine,

an agonist at the kappa opioid receptor, has been

reported to decrease the sensation of pruritus in patients

with uremia in controlled studies [23]. Thus, there is a

rationale to study this type of drug in patients with the

pruritus of cholestasis.

One question that arises is whether an increase in

serum concentration of some endogenous opioids in

patients with cholestasis, and the potential liver origin

of these peptides, as suggested by the enhanced hepatic

expression of Met-enkephalin immunoreactivity in liver

disease [24,25], are related to the high central opioidergic

tone of cholestasis. In this context, however, some trans-

porters that can transport opiates in vitro are common to

the basolateral domain of the hepatocyte, to the choroid

plexus, and to the blood–brain barrier [11]. Accordingly,

it is plausible that they can also transport periphery-

derived opioids into the CNS, which would increase

central opioidergic tone. In this regard, the results of

brain scans by single photon emission computed tomog-

raphy and functional magnetic resonance methodology

in patients with cholestasis during periods of itch and no

itch have suggested that the limbic system is the primary

CNS pathway involved in the perception of itch, and that

the findings support a central origin for this type of

pruritus [26]. In addition, a central component of the

pruritus may also arise from central sensitization for itch,

which has been suggested to result from the constant

stimuli of C-pruriceptors in conditions associated with

chronic itch, which allow for nociceptive stimuli to facil-

itate itch instead of inhibiting it, leading to nonprurito-

genic stimuli to be perceived as pruritus.

In regards to opioid receptors, the SNP A118G in the

gene that codes for the mu opioid receptor 1 (OPRM1),
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to which morphine and opiate drugs bind, was found in

heterozygosity 1.5 times more frequently in DNA sam-

ples from a group of patients from the United States with

PBCwho had not experienced pruritus than in the rest of

the samples, which were from patients from Italy [27].

These results may suggest that patients with the A118G

SNP in the OPRM1 may be protected from the itch in

cholestasis [27]. Indeed, the presence of the G or A allele

in A118G SNP has been associated with a difference in

the degree of pruritus secondary to epidural mor-

phine [28]. In addition, ethnicity may inform the expe-

rience of side effects, including pruritus, from the

administration of intravenousmorphine in children [29].

Thus, SNP in the gene that codes OPRM1 may also

explain, in part, why not all patients with cholestasis

report pruritus (see above) [8,11]. Accordingly, genetic

analyses that apply techniques including genome-wide

association studies may be useful in identifying specific

features in the group of genes that code for transport

proteins in the hepatobiliary system, in the CNS, and

those involved in the activation of sensory neurons

including the phospholipase C B3 pathway [30].

Bile acids accumulate in the tissues of patients with

cholestasis [9]. They were reported to trigger local “itch”

when injected intracutaneously in normal volun-

teers [31]; however, this is not a model of the pruritus

of cholestasis. Intake of synthetic bile acids, including

cholylsarcosine and ursodeoxycholic acid, has been asso-

ciated with pruritus in patients with liver disease (i.e.,

PBC). These reports alone cannot be interpreted as evi-

dence to support a role of bile acids as the pruritogens in

liver disease, as pruritus is intermittent and triggered by a

variety of factors including foodstuffs [32]. Furthermore,

(i) in liver failure, when bile acids are maximally ele-

vated, pruritus tends to cease [9], (ii) some patients with

cholestasis and marked elevations of serum bile acids do

not experience pruritus throughout the course of their

disease, and (iii) pruritus can fluctuate and even remit

spontaneously without concomitant changes in serum

bile acid concentrations. A certain profile of serum bile

acidsmay contribute to the pruritus but, based on current

data, a role of bile acids in themediation of the pruritus of

cholestasis has not been demonstrated. In this context, a

study published in abstract form revealed that the admin-

istration of obeticholic acid to patients with PBC was

associated with itch, severe enough to require dis-

continuation of the drug, in contrast to the placebo

intervention [33]. Obeticholic acid is a synthetic

derivative of chenodeoxycholic acid, which is an agonist

at the farsenoid nuclear receptor (FXR), and which has

choleretic properties [33]. FXR is a bile acid sensor

associated with a decrease in bile acid production [8].

The relevance of this observation to the pruritus from

liver disease is unknown.

Substance P is an excitatory neurotransmitter that acts

through theNK-1 receptor synthesizedbyprimaryafferent

nociceptors and released into the spinal cord after noxious

stimuli. In animal studies, increased opioidergic tone acti-

vates mechanisms that promote pain (e.g., nociception) in

association with stimulation of the NK-1 receptor and

substance P expression in the dorsal root ganglia [34].

Increased opioidergic tone in cholestasis may also contrib-

ute to a state of enhanced nociception and perceived as

pruritusmediated, inpart,bysubstanceP. In this regard, the

mean serum concentration of substance P in patients with

liver disease and pruritus was significantly higher than in

patients with liver disease without pruritus, and that of a

control group of subjects [34]. These data suggest that

substance P may mediate some of the manifestations of

liver disease, including pruritus. In this context, the sub-

stance P antagonist aprepitant was reported to relieve

pruritus in an uncontrolled study that used subjective

methodology and that was comprised of a heterogeneous

group of patients [35]. These findings seem to support a

rationale to study aprepitant to treat pruritus in patients

with liver disease in controlled clinical trials.

Serum histamine concentrations were reported to be

increased in patients with liver disease and pruritus [36].

However, antihistamines donot ameliorate the pruritus of

cholestasis, suggesting that histamine does not have a

major role in the pathogenesis of this type of pruritus.

However, this type ofmedication is associatedwith drows-

iness, which may facilitate sleep in some patients, a defi-

nite aim in the management of patients with pruritus.

In animal studies, it has been reported that lipophos-

phatidic acid (LPA) induces nociception through sub-

stance P release from peripheral nerve endings [37],

and it has been implicated as a mediator in animal and

in in vitro neural models that explore signals associated

with pain [38–40]. A role of LPA and the enzyme that

generates its production, autotaxin, has been recently

proposed to participate in themediation of the pruritus of

cholestasis [41,42]. It was reported that the concentra-

tion of several LPA species was significantly higher in the

sera from patients with pruritus from cholestasis of preg-

nancy than in the sera frompregnantwomenmatched for
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gestation term [41]. The activity of autotaxinwas reported

to: (i) be higher in the serum from women with cholesta-

sis of pregnancy, and that from patients with cholestasis

and pruritus from other liver diseases, and not in the

serum of patients with pruritus from uremia, and from

“Hodgkin’s disease” [42]; (ii) have decreased in the serum

from patients with liver disease and pruritus who had

responded to the antibiotic rifampicin; (iii) have not

decreased in the serum from patients with cholestasis

and pruritus who had participated in a controlled trial

of colesevalan, in which the resin was reported not to

relief pruritus [43]; (iv) correlate with a decrease in the

severe pruritus of patients who had been treated with the

Molecular Adsorbent Recirculating System (MARSTM) or

with nasobiliary drainage; and (v) not be found in the bile

of patients treated with nasobiliary drainage andwho had

responded to the treatment with a decrease in pruritus,

although it was reported to have returned to pretreatment

levels when the pruritus recurred [42]. The antibiotic

rifampicin induces drug-metabolizing enzymes and trans-

porters, through activation of the pregnane X receptor

(PXR) [44]. The idea that the reported antipruritic effect of

this drug results from either the enhanced metabolism of

the pruritogens or its transport has been suggested [32].

The inhibition of the expression of autotaxin by rifampicin

in vitro in HepG2 hepatoma cells and in hepatoma cells

overexpressing PXR, and not on cells in which PXR had

been knocked out, was interpreted to suggest that a

decrease in autotaxin by rifampicin may be the mecha-

nism by which this drug decreases pruritus in some

patients with cholestasis [42]. How this relates to patients

with liver disease who do not respond to rifampicin with

relief of their pruritus was not addressed [45]. It was

concluded that autotaxin may be a therapeutic target

for the treatment of the pruritus of liver disease [42].

Potential or factual mechanisms by which autotaxin or

LPA may mediate the pruritus of liver disease were not

provided in this report [42]. It shouldbenoted that theeffect

of rifampicinonhepatomacells,not amodelofpruritus, and

the presence or changes in the serum activity or concentra-

tion of autotaxin and LPA, respectively, in patients with

pruritus are not evidence to support a role of these sub-

stances in the pathogenesis of the pruritus of cholestasis.

Accordingly, whether autotaxin or LPA contribute in any

way to the pruritus of cholestasis is unknown.

A role of gastrin-releasing peptide receptor (GRPR) in the

mediation of scratching behavior from pruritogenic stimuli

in genetically engineeredmice has been identified [46]. It is

uncertainwhether this receptor is relevant in themediation

of pruritus from liver disease; interesting, however, is the

connection reported between GRPR and an isoform of the

mu opioid receptor 1, in the mediation of morphine-

induced scratching behavior in mice [47].

The approach to the patient with the
pruritus of cholestasis

Primary skin diseases must be excluded in patients with

liver disease and pruritus. As recommended for dry skin,

low temperature in the home environment and the use of

mild laundry detergent may be helpful. Gentle soaps

including Dove and Eucerin may be preferable. After

bathing, the application of moisturizers such as Aqua-

phor and Caress to damp skin also helps to keep it

moist. Patients suffering from intractable pruritus may

require admission to hospital for intravenous therapy

with naloxone [16] (Figure 26.1) or anesthetics [48];

intravenous antihistamines lead to sedation, which can

be helpful. Psychiatric support may be necessary in

patients with depression from this chronic maddening

complication of liver disease. Referral for liver transplant

evaluation is indicated inpatientswith intractablepruritus.

Selected therapies for the pruritus of cholestasis are

provided in Table 26.1, guidelines for treatment in Figure

26.1, and some relevant information regarding some

therapeutic regimens in this section, where other treat-

ments are also described and classified according to the

aim that they seem to pursue; however, a rationale for

the use of certain interventions is not always apparent.

Nonabsorbable resins

The most commonly used drug to treat this form of

pruritus is cholestyramine [49], which seems to be asso-

ciated with relief in some patients by an unknown

mechanism. The side effects of this resin tend to beminor

in most patients (e.g., bloating).

Several interventions aimed at the removal of pruri-

togens from the circulation include anion adsorption and

plasma separation [8], and Prometheus TM and

MARSTM [50], which combine albumin adsorption

with hemodialysis [8], and have been associated with

relief of intractable pruritus. Analysis of plasma contents

removed from patients with severe pruritus via MARSTM

was reported to reveal 60 proteins, one of which,

SLURP1, was three times higher in the samples from

patients with cholestasis than in those from the control

group [50]; the relevance of any of these proteins in the

294 Chapter 26





pathogenesis of the pruritus is unknown. Although the

placebo effect of these interventions may be substantial,

and the relief provided temporary, the tremendous need

to provide relief from pruritus supports the use of this

type of intervention in controlled environments.

Nasobiliary drainage in patients with PBC [51], and in

patients with familial intrahepatic cholestasis syndromes,

partial external diversion of bile, and ileal diversion [8],

are also aimed at the removal of pruritogens. A decrease

in the degree of cholestasis may contribute to the relief

associated with these interventions.

Changes in neurotransmission

Opiate antagonists

Naloxone and naltrexone are opiate antagonists that

have been tested for the treatment of the pruritus of

cholestasis in adults [15–18,21,52] and in children [53]. If

at any point of the dose increase the patient reports signs

Table 26.1 Selected publications on the treatment of itch from liver disease.

Medication Aim Dose/mode of

administration/

frequency

Type of study/

duration

n End

points on

pruritus

and/or

scratching

Results Reference

Cholestyramine Removal of

pruritogen(s)

3.3–12g/PO/

daily

Single blind, open

label/placebo

controlled

crossovera/6–32

months

27 Not

reported

23 patients experienced

relief of pruritus1
[49]

Rifampicin Unknown 150mg/PO/BID

if serum bilirubin

>3mg/dL;

150mg/PO/TID if

serum bilirubin

<3

Double blind,

randomized

placebo controlled

crossover/4 weeksb

9 Change in

VASa
Highly significant

decrease in the 7-day

summed VASb

[58]

Naloxone To decrease

opioidergic

tone

0.2 μg/kg/min/IV

continuous

infusions

preceded by

0.4mg IV bolus

Double blind,

placebo controlled,

randomized cross-

over/4 consecutive

days

29 Change in

HSA

Geometric mean HSA

34% lower on naloxone

than on placebo

[16]

Naltrexone To decrease

opioidergic

tone

25mg/PO/BID

on day 1

followed by

50mg/PO/daily

Randomized

placebo controlled/

4 weeksc

16 Change in

VAS

Daytime VAS down by

54% and night-time VAS

down by 44%

[18]

Sertraline To change

serotoninergic

tone

75–100mg/PO/

daily

First phase, dose

finding study/4

weeks

Second phase,

randomized,

double placebo

controlled, cross-

over design/6

weeks

21

12

Change in

VAS,

decrease in

skin

excorations

Decrease in mean VAS by

53% in first phase and

decrease in mean VAS by

33% from baseline on

sertraline

[57]

BID, two times daily; HAS, hourly scratching activity; n, total number of patients; PO, per os, orally; VAS, visual analog score.
aCompared with an observational control group that did not receive cholestyramine but that received norethandrolone or no treatment.
b The use of cholestyramine was allowed to continue; the number of cholestyramine packs per day that the patients used was counted. Mean change

in VAS not reported; VAS graphed per patient.
cConcomitant use of antipruritic medications were allowed.

296 Chapter 26



of withdrawal, the dose can be maintained at the prior

dosage for a day or two with subsequent increases until

relief of the pruritus is experienced. The opiate with-

drawal-like reaction runs its course on the dose that

triggered it; thus, it is not necessary to stop the medication

if such a reaction occurs. Patients should be evaluated

with a liver profile after the initiation of naltrexone

although, from a large study of patients with alcoholism

in which the drug was given for 1 year, no hepatotoxicity

was reported [54]. The metabolism of naltrexone is slow

in patients with compensated and decompensated cirrho-

sis, leading to drug accumulation [55]. However, pruritus

tends to cease in patients with hepatic synthetic dys-

function; thus, naltrexone is not commonly needed for

patients with decompensated liver disease [9].

Pain, probably as a result of blocking endogenous anal-

gesia mediated by opioids, was reported to occur in three

patients with inflammatory conditions and with liver dis-

ease who had responded to naltrexone with relief of

pruritus [8]. If pain occurs, the dosage of the opiate antag-

onist can be decreased or the drug stopped, if necessary.

Butorphanol, an antagonist at the mu opioid receptor

and an agonist at the kappa receptor, has been reported

to ameliorate the pruritus of cholestasis [8]. The addic-

tion potential of butorphanol, initially considered to be

low, is important [8]. Thus, the use of this drug, for

example, in short courses, for the treatment of the

pruritus of cholestasis must be considered in light of

this possible complication. The effect of butorphanol

on this type of pruritus has to be reconciled with prelim-

inary reports of codeine, an agonist at the mu opioid

receptor, and also of buprenorphine, an agonist at themu

and an antagonist at the kappa receptor, which have

been reported to relieve the pruritus of cholestasis [8].

Serotonin antagonists

Ondansetron was reported to have a marginal amelio-

rating effect on the pruritus of cholestasis in a controlled

study that applied behavioral methodology [56].

Serotonin reuptake inhibitors and other

centrally acting drugs

Sertraline was reported to relieve pruritus of cholestasis

in a controlled study [57]. Other centrally acting medi-

cations including the noradrenergic and serotoninergic

antidepressant mertazapine, have been reported to

relieve this type of pruritus in a small heterogeneous

group of patients with malignancy and uremia [8] and in

patients with nocturnal itch from skin diseases [8]. Thus,

in concert, these reports may suggest that in addition to

the serotonin neurotransmitter system, noradrenaline

may participate in the mediation of pruritus not limited

to that from liver disease.

Antiobiotics

Rifampicin is a ligand of the PXR, whose stimulation

induces drug-metabolizing enzymes and transport-

ers [44]. It has been concluded from several clinical

studies that rifampicin is associated with a decrease in

the pruritus of cholestasis [58,59]; however, some

patients do not report relief on this drug [45]. It was

reported from a meta-analysis that rifampicin was safe,

and not associated with hepatotoxicity in the short

term [60]. Rifampicin, however, can be hepatotoxic,

and associated with liver dysfunction [61]; accordingly,

close follow-up of patients on this drug is necessary, and

the drug should be stopped if changes suggestive of

hepatotoxicity are detected.

Miscellaneous interventions

Antioxidants, phenobarbital, grapefruit juice, S-adeno-

sylmethionine, and dronabinol have been reported to

decrease the pruritus of cholestasis [8]. Gabapentin may

only be useful in a selective group of patients with high

expectations for relief from the drug [62].

Steroids and tracolimus have been reported in associ-

ation with relief of this type of pruritus [8]. Controlled

studies on the use of immunosuppressants for this indi-

cation, however, have not been published.

The rationale for the use of phototherapy to the skin,

which has been associated with relief of pruritus in

patients with liver disease, is not readily apparent [63].

Bright light phototherapy (10 000 lux), based on the

potential light regulation of pruritus and scratching sug-

gested by the 24-hour rhythm in hourly scratching

activity in some patients with cholestasis [16], was asso-

ciated with a decrease in the bouts of scratching over the

24–48 hour periods recorded in patients with liver

disease [64].

The administration of anesthetics including propo-

fol [8] and lidocaine [48] has been associated with relief

from the pruritus of cholestasis. The response to lidocaine

may support the involvement of the transient receptor

potential vanilloid receptor-1, which has been identified

as relevant in the mediation of scratching behavior in

mice [65].
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Conclusions

The pathogenesis of the pruritus of cholestasis, is most

likely, multifactorial, and its perception may be modified

by the genetic composition of the patient. The pruritus

may have central and peripheral components. The design

of studies of pruritus is challenging because pruritus is a

perception, and, as a perception, is individual-specific and

cannot be directly quantitated. In contrast, scratching

activity, the behavioral manifestation of pruritus, can

be quantitated [15,16,19,20]. The inclusion of behavioral

methodology in clinical trials allows for the measurement

of clear end-points (i.e., change in scratching activity) to

be assessed, rather than changes in arbitrary measures.

Oral reports on the effect of drugs on the intensity of

pruritus are also extremely relevant, and should be

included in clinical trials of pruritus: patients can respond

yes or no to the question of relief. Development of

improved portable instruments for the specific continu-

ous recording of scratching activity is feasible in the

current technological environment. Clinicians attending

patients with liver disease can contribute to the elucida-

tion of the pathogenesis of the pruritus by referring

patients to studies of pruritogenic neurotransmission

and to clinical trials of antipruritic medications.
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Introduction

In a typical visit to the hepatologist or the liver transplant

surgeon by a cirrhotic patient, our attention is mostly

focused on what we have been well trained to do in

medical schools and residency programs: reach the right

diagnosis, estimate the prognosis, recommend the appro-

priate management, and explain these points to the

patient and family.

But are these the same worries and concerns of the

patient in front of us? Certainly, the patient is interested

to learn about his or her diagnosis, wants to know what

to expect from the disease and its associated prognosis,

wishes to start treatment right away, and definitelywants

to have a reasonable explanation from the doctor. How-

ever, the patient often has symptoms and complaints that

are not always attended to by the doctor because they are

either considered trivial or “have nothing to dowith your

liver disease.”

Although the majority of liver diseases seen in early

stages are totally asymptomatic, like inactive hepatitis B

virus (HBV) infection and nonalcoholic fatty liver disease

(NAFLD), it is increasingly recognized that many patients

have a significant impairment in their quality of life

(QoL). This reduction in their QoL, which is more pro-

nounced in those with advanced liver disease, often

becomes the first and foremost concern when they

meet their doctor. Conversely, and not infrequently,

the patient may actually be unaware that these systemic

symptoms are either directly or indirectly related to the

liver disease.

In order to address this common problem effectively,

physicians need to be mindful of the systemic symptoms

that are commonly faced by their patients, especially in

those with end-stage liver disease (ESLD), which signifi-

cantly impact their QoL. Ignoring these symptoms or

simply convincing oneself that they are unrelated to the

overt liver disease, or focusing on treating the liver

disease and hoping that these symptoms will abate or

disappear is never a successful strategy.

The ever-improving medical management of liver dis-

ease portends that the majority of patients with chronic

liver disease will live with the disease rather than dying

from it. The commonplace notion that chronic liver dis-

ease connotes entirely to the consequences of ESLD is

fundamentally flawed. Nonetheless, there is a growing

awareness that a number of systemic symptoms may

occur at any point in the natural history of chronic liver

disease, causing functional impairment and reduced QoL.

Health-related QoL is a concept that reflects the physi-

cal, social, and emotional attitudes and behaviors of an

individual as they relate to their prior and current health

state [1]. The recognition that there is an additional

disease burden in patients, linked with considerable

functional deprivation, the management of which is

vastly unrelated to that of the specific fallout of having

ESLD, represents a paradigm shift in the approach to the

disease.

In this chapter, we provide a general approach to this

important problem and offer a structured framework for

its management. Importantly, we focus on systemic

symptoms that compromise the patients’ QoL rather

than address specific clinical symptoms that are related

to well-known sequelae of cirrhosis, like ascites and

hepatic encephalopathy, because these are covered in

other chapters.

Cirrhosis: A practical guide to management, First Edition. Edited by Samuel S. Lee and Richard Moreau.
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Measuring functional ability and
quality of life

Quality of life

The tools routinely used to assess QoL are not standard-

ized among studies dealing with chronic liver disease [2].

In addition, most methods employed are static question-

naires that fail to adapt to the patient’s responses or are

not specifically designed for liver disease. This is further

compounded by the fact that some of these surveys are

copyrighted and do not have readily available normative

data [3].

Several instruments have been validated for use in

cirrhosis, specifically the Sickness Impact Profile (SIP)

and the Chronic Liver Disease Questionnaire (CLDQ)

[4,5]. Another commonly used questionnaire is the Short

Form (36) Health Survey (SF-36). The advantage of a

simple tool like the SF-36 is its brevity (36 questions) and

extensive normative information, but it is disadvantaged

by its static nature, being a generic instrument, and being

unable to provide the depth of questioning due to its

limited number of questions. Therefore, generic instru-

ments such as the SF-36 have given mixed results when

used in cirrhotic patients [6,7]. However, the SIP, which

has been validated in cirrhosis [3,8], has higher coverage

of social and behavioral domains, is non-disease-specific,

and inquires about QoL over the last 24 hours, which

may minimize its ability to capture episodic but troubling

effects on QoL. Although it has good responsiveness and

has been studied extensively in cirrhosis, the SIP is not

routinely used because of its length (136 questions) and

lack of population norms [8,9]. The CLDQ is a simple,

brief (29 questions), and freely available instrument

that has good responsiveness in several stages of liver

disease [4,5,10]. While it has good validity in chronic

liver disease and has been used in several countries, its

evaluation of social and sleep disturbances is limited, and,

like other paper and pencil questionnaires, remains a

static instrument. As such, the search for the ideal tool

that would be freely accessible, brief, and yet compre-

hensive, that could simplify the diagnosis of impaired

QoL and increase its regular investigation, remains

unfulfilled.

Functional ability

One of the most important components of a fulfilling life

is functional ability. If one is unable to perform daily

activities (e.g., work-related duties, family chores, and

social interactions), then surely QoL will be affected. But

how would one reliably measure functional ability? In

the majority of cases, researchers have used patient-

reported outcomemeasures (PROMs) to study functional

ability. PROMs are self-completion tools derived using

qualitative approaches which address patient experience

and highlight an individual’s capacity to undertake func-

tions that they perceive as being important for daily

living [11,12].

Causes for impaired quality of life

As QoL is a term that is very difficult to define and

measure, factors affecting it are also hard to capture.

In general, there are many factors that affect QoL in

patients with liver disease, primarily the physical effects

stemming from the biology of the disease. This is clearly

seen in patients with advanced liver disease. Symptoms

like ascites, hepatic encephalopathy, and muscle wasting

would significantly impair the patients’ functional ability.

Fortunately, this part of the story is relatively easy to

recognize and manage. In addition to the effects of

symptoms and physical impairment, medical treatment

also adds to the physical burden of disease: frequent

physician visits, frequent testing and imaging, multiple

admissions, medication side effects, and a plethora of

other management-related issues, physical stress, and

risk.

Second, there is the psychological component of the

disease which is clearly seen across all aspects of liver

disease and across all disease severity scales. These symp-

toms are much more difficult to recognize and manage.

They include depression, anxiety, and personality disor-

ders, among many others. In addition, the stress of

obtaining, appreciating, and reacting to information

related to the diagnosis and prognosis is paramount.

The anxiety over the possibility of liver transplantation

and thewaiting list associatedwith it or having to identify

a living related donor is also a major factor that has

tremendous implications towards QoL.

Finally, there are other associated symptoms and sys-

temic features that may be related to the biologic patho-

physiology of liver disease or to its physiological

consequences: fatigue, depression, sleep disturbances,

cognitive impairment, and cardiac dysfunction [13].

These symptoms and systemic problems may interact

with each another.
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Is quality of life really impaired in
patients with liver disease?

Assessing functional ability in an accurate and meaning-

ful way is laden with difficulties in research settings,

let alone the hectic schedule of an outpatient clinic.

Crude measures of functional ability such as the ability

to engage in hobbies or wash oneself, or employment

status are indicators of function that are significantly

impaired in chronic liver disease [14]. Complex processes

such as being able to dress or wash oneself, let alone

engage in complex social interactions are functions of

daily living that are frequently taken for granted. Objec-

tive studies have confirmed that patients with chronic

liver disease of many etiologies have reduced physical

activity levels measured using continuous physical activ-

ity monitoring [1,15], although this approach may still

underestimate the impact of disease on the complex

functions required for effective daily living.

QoL and functional ability have been clearly shown to

be compromised in many types of liver disease patients.

In terms of functional ability, with the use of tools like

PROMs, it has been established that patients with liver

disease of various etiologies and at different stages of

their disease have significant functional impairment [13]

regardless of the etiology. For example, in a study by

Elliott et al. [16], functional ability and symptom sever-

ity were compared in 103 consecutive liver transplant

recipients and matched controls using the patient-

reported functional outcome measure: Patient-Reported

Outcomes Measurement Information System, Health

Assessment Questionnaire (PROMIS HAQ). Symptoms

frequently seen in chronic liver disease were quantified

by: (i) Fatigue Impact Scale (FIS), (ii) Orthostatic Grading

Scale (OGS: autonomic dysfunction), (iii) Cognitive Fail-

ures Questionnaire (CFQ), and (iv) Epworth Sleepiness

Scale (ESS: Daytime Somnolence). There was a signifi-

cant functional impairment in patients with cirrhosis

whichwas present across all domains of functional ability

and seen across different etiologies including alcoholic

liver disease, NAFLD, primary biliary cirrhosis (PBC), and

primary sclerosing cholangitis when compared with con-

trol subjects. This did not improve significantly after liver

transplantation and liver transplant recipients exhibited a

significant reduction in function across all domains of the

PROMIS HAQ, suggesting that functional impairment is

broad-based. Seventy-seven percent of all patients after

liver transplant identified some difficulty with activities

of daily living. Elevation in PROMIS HAQ score (and

therefore functional impairment) was strongly associated

with symptoms, particularly of fatigue, cognitive impair-

ment, and daytime somnolence, and fatigue severity was

independently associated with functional impairment.

Quality of life and patients with
hepatitis C

Of all causes of liver disease, impairment in QoL has been

best studied and documented in patients infected with

the hepatitis C virus (HCV) [17]. Chronic HCV seems to

directly alter health-related QoL. One of the largest

studies, which included 642 HCV-infected patients, eval-

uated the impact of the virus on QoL before and after

treatment with interferon-based antiviral therapy [18].

The authors clearly showed that the health-related QoL

in patients with HCVwas significantly reduced compared

to a healthy control group, regardless of histologic sever-

ity.Ware et al. [19], as part of a study by the International

Hepatitis Interventional Therapy Group, reported a sig-

nificant reduction in five out of eight SF-36 concepts in

patients with HCV compared with matched population

norms. The reductions were seen in the physical func-

tioning, role-physical, general health, vitality, and social

functioning domains. In a British study, 72 unselected,

sequential patients with chronic HCV and 30 sequential

patients with chronic HBV infectionwere compared [20].

Patients who had any signs of cirrhosis were excluded.

The SF-36 scores in all domains were greatly reduced in

chronic HCV patients, implying that these patients felt

that they were unwell and perceived themselves as

having significantly reduced QoL. On the other hand,

patients with chronic HBV infection did not report any

significant reductions in their SF-36 scores except in the

“mental health” and “general health perception” varia-

bles. Their SF-36 scores that assess a person’s ability to

conduct physical activities were only marginally affected.

When the HCV and HBV patients were compared,

patients with HCV infection had poorer scores in the

social functioning, physical limitations, and energy and

fatigue domains compared with HBV-infected patients.

However, these results were not reproduced in other

populations. Sixty Japanese patients with chronic HCV

were subjected to the Todai Health Index (a checklist

for a self-administered scoring system of a variety of
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physical and psychological symptoms) and showed no

characteristic subjective symptoms when compared with

a healthy control group apart from a lower aggression

score [21]. Another Japanese study by Fukuhara

et al. [22] utilized the SF-36 questionnaire to examine

a group of HCV-infected patients and found no difference

between patients and control subjects. Similar results

were also obtained from two studies in North America.

In the first study, Davis et al. [23] used the SIP to

study health-related QoL, although this instrument is

insensitive in identifying changes that are clinically rele-

vant. The second study investigated a group of American

blood donors who were incidentally found to have HCV.

These donors, who had a high incidence of fatigue (61%)

and headache (54%) in an earlier study [24], were

compared with normal healthy blood donors without

HCV infection. The non-HCV group reported a fatigue

rate of up to 70%, indicating no difference between the

two groups. The key item of interest of this studywas that

it evaluated a random sample from a random population

wherein HCV symptoms and status were examined in a

totally independent manner, distinctly different from the

majority of studies which include patients from tertiary

care centers [25].

Based on the above review, it is clear that patients with

HCV infection do experience multiple symptoms and

disease entities that adversely affect QoL. However, it

is unclear how much of the effect is really due to the

infection itself and its consequent liver disease or all the

other associated features and factors that are directly or

indirectly related such as ethnicity, route of infection,

intravenous drug use status, and social and psychologic

factors. Therefore, the question remains – is it the virus or

the patient [26]?

Specific symptoms or clinical
syndromes affecting quality of life

Fatigue

Fatigue is probably themost studied symptom that affects

QoL in patients with liver disease. It has been extensively

studied in PBC and HCV. In PBC, fatigue impact qualifi-

cation tools have been well developed and validated,

diagnostic criteria defined, and a management approach

developed [13].

There have been several uncontrolled studies that

show that a significant proportion of HCV patients

have fatigue. Tong et al. [27] revealed that 67% of

post-transfusion HCV-infected patients complained of

fatigue. In a study on Irish women with HCV due to

contaminated anti-D immunoglobulin, Kenny-Walsh

et al. [28] found a fatigue level of at least 81%. Of

note, those who were anti-HCV-positive but not viremic

also had similarly high reported levels of fatigue. Like-

wise, Barkhuizen et al. [29] reported that 67% of HCV-

positive patients compared to 44% of HCV-negative

patients from a hepatology outpatient setting experi-

enced fatigue. In a large French study by Poynard

et al. [30], 53% of 1614 patients with HCV reported

fatigue at their first visit and of these 17% felt their

fatigue was severe. Several factors were found to be

independently associated with fatigue: age over 50 years,

female gender, cirrhosis, depression, and purpura. None-

theless, it is worthy to note that very few studies have

actually investigated fatigue in HCV patients in compari-

son with a control group.

While fatigue is an uncommonly elicited symptom in

routine physician–patient interviews in patients with

NAFLD and other less common liver diseases such as

primary sclerosing cholangitis and autoimmune hepati-

tis, many publications have confirmed a high prevalence

of fatigue in these disease groups [1,31,32]. Notably,

the pathogenesis of fatigue is less well understood in

these patient groups. Available data suggest that the

prevalence is comparable to that in PBC, indicating

that common management pathways and approaches

may be relevant [33]. However, fatigue in autoimmune

hepatitis appears to only be a feature of acute or active

disease, with only low levels being reported in patients

with controlled chronic disease [34].

Sleep disturbance

Sleep disturbance is common in patients with liver dis-

ease and cirrhosis [1,35–37]. This has been well-studied

in patients with PBC and has been linked to the accom-

panying fatigue [38]. Patients with NAFLD also experi-

ence sleep disturbances, especially obstructive sleep

apnea [39]. Effective treatment in these patients has

been shown to modify liver injury by improving liver

steatosis [40].

Psychiatric disorders

A number of studies have reported a high incidence

of depression in chronic HCV-infected patients. For
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instance, Dwight et al. [41] found that 28% of their HCV

patients satisfied the criteria for havingmajor depression.

In an attempt to establish the incidence of psychiatric

comorbidities among HCV-infected US veterans, Leh-

man et al. [42] used verified scoring systems to study

120 consecutive patients with chronic HCV. Almost 50%

had a history of a psychiatric disorder that was unrelated

to substance abuse, and about one-third of the patients

were taking psychotropic medications at the time of the

evaluation. Of clinical significance was that 44% had

depression, 38% had anxiety, 20% had post-traumatic

stress disorder, and 26% had alcohol-related problems.

However, veterans typically have a high level of alcohol

consumption and so the prevalence of psychiatric disor-

ders in the HCV population may have been overesti-

mated in this study. Fontana et al. [43] obtained similar

results in a group of 220 unselected patients with com-

pensated chronic HCV and found that 35% harbored

clinically significant emotional distress. It is worth noting

that most of the studies described above did not have a

control group. Nevertheless, a large, controlled Italian

study determined that there was a higher lifetime prev-

alence of major depression among HCV patients than

either HBV patients or controls [44].

Cognitive impairment

Obvious symptoms of cognitive impairment can be

related to a variety of disease entities. Overt hepatic

encephalopathy is usually easy to distinguish and its

management has been well described. Somewhat

more difficult to identify and manage is minimal hepatic

encephalopathy, a condition recently recognized and

being intensively studied. Yet there is some evidence

to suggest that there are objectively demonstrated cog-

nitive abnormalities in patients inwhomminimal hepatic

encephalopathy has been excluded. This has been shown

through neurophysiologic abnormalities demonstrated

in patients with PBC, for instance [45]. Abnormalities

have also been described onmagnetic resonance imaging

(MRI) [45–47]. These abnormalities are perceived to

be related mainly to impaired executive function.

Similar findings have been reported in patients with

NAFLD [48].

Cognitive dysfunction in patients with HCV has also

been well described but is very closely related to fatigue

and psychiatric abnormalities [49]. In this setting, it has

been shown that demonstrable abnormalities in MRI

testing may be related to direct central nervous system

inflammatory processes [50].

Cardiac and autonomic abnormalities

In addition to the well-established cirrhotic cardio-

myopathy and hyperdynamic circulation typically seen

in patients with advanced liver disease, recent evidence

suggests that significant impairment of cardiac function

could be demonstrated even in patients with earlier

stages of liver disease [51,52]. In addition, autonomic

dysfunction is frequently seen in patients with various

levels of liver disease [53], including early stages [54–59],

and may manifest as frequent falls, blackouts, orthostatic

hypotension, and syncope. It has also been linked to

sudden cardiac death and mortality [53].

General approach to evaluation and
diagnosis

Assessment of functional ability and QoL concerns in any

chronic illness is a challenge. Several issues need to be

clearly emphasized while approaching patients with gen-

eral symptoms and QoL impairment:

1 Significant attention to these symptoms must be given

during history taking and physical examination. If

these symptoms are not kept in mind and looked

out for they might be missed. Table 27.1 contains

some important symptoms that need to be asked about

during the interview and some signs that need to be

looked out for during the examination.

2 It is the primary responsibility of the treating physician

(whether a hepatologist, gastroenterologist, transplant

physician, general internist, or family physician) to

identify and form a management plan for these QoL

issues. It is not acceptable that the specialist is only

responsible for the primary illness and not for all of its

associated consequences.

3 Whenever possible, an attempt should be made to

assess QoL issues objectively using standardized tests

in order to assess severity, assess outcome of interven-

tion, and provide prognostic information. Some stan-

dardized tests are suggested in Table 27.1 for each of

the main clinical entities.

4 Symptom severity does not always correlate with

cirrhosis or liver disease severity. Often, the symptoms

of earlier disease havemore profound and functionally

significant effects than later stages.
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General management approach
• The management of general symptoms and QoL issues

must be approached in a multidisciplinary fashion. A

team of qualified practitioners are able to deal with

these issues much more efficiently than an individual

physician. This team should include a psychologist,

physiotherapist or occupational therapist, social

worker and nurse practitioner, among others. When

functioning within clear guidelines and management

plans these team members will be able to execute a

comprehensive holistic approach to patients and be

more likely to achieve better results.

• The use of clinical pathways for each of these symp-

toms and issues is highly recommended.

• For specific clinical symptoms, consider referral to a

primary specialist or service that specializes in that

area, such as sleep medicine, cardiology, or neurology.

• For patients with PBC, the Newcastle PBC Group

developed the so-called “Treat, Ameliorate, Cope,

and Empathize (TrACE)” approach (Table 27.2). This

approach has been used by many other groups as a

general tool to assess QoL and general symptoms in

patients with liver disease and has been recommended

by a recent expert review [13].

This approach could be used as a basis for having a

common approach to all symptoms related to QoL in

patients with liver disease. This may be summarized in

the following steps:

1 Treat the underlying primary liver disease.

2 Identify and treat any other associated disease or

clinical entities.

3 Identify and treat all concomitant illnesses.

4 Ameliorate all other possibly contributing factors.

5 Help patients to develop coping strategies.

6 Try to empathize with the impact of fatigue on the

patient.

• Make sure that the patient continues to be the

primary person responsible for his or her own symp-

toms, as he or she would be the best person to assess

Table 27.1 Common systemic symptoms in cirrhotic patients and suggested objective measurement tools.

Symptoms Considerations Objective tools

Fatigue Malaise, low power,

tiredness

• Rule out other medical conditions:

anemia, hypothyroidism, diabetes,

cardiac problems

• Consider sleep disturbances

• Fatigue impact scale (FIS)

• Fatigue severity scale (FSS)

(Both validated in liver disease patients)

Sleep disturbances Daytime sleepiness,

insomnia, fragmented

sleep, snoring, restless

leg syndrome

• Caffeine and alcohol intake

• Primary sleep disorders

• Medications

• Two-week sleep diary

• Epworth sleepiness scale

• Pittsburgh sleep index [72,73]

Cognitive disorders Memory disturbances,

difficulty in

concentration,

behavioral changes

• Medications

• Primary neurologic disease

• Rule out minimal hepatic

encephalopathy

• Mini-mental state examination

• Cognitive failure questionnaire

Autonomic dysfunction Syncope, postural

dizziness

• Volume depletion

• Medications

• Blood pressure lying and standing

• Orthostatic grading scale [74]

Table 27.2 The “TrACE” approach to management [13].

Action Components

Treat the treatable • Associated diseases

• Intercurrent diseases

• Primary disease

Ameliorate that which can

be ameliorated

All features known to make the

symptom worse

Cope Help patients to develop coping

strategies

Empathize Try to understand the impact of

fatigue on the patient
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the impact and significance of the symptoms and

evaluate treatment effects.

• It is crucial to remember that in many cases there is

no direct correlation between the severity of the pri-

mary liver disease and the associated symptoms.

Treating the underlying liver disease

In general, treating the underlying liver disease does not

necessarily translate into improvements in the associated

symptoms and QoL [60].

The data in the case of HCV is conflicting. Multiple

clinical trials have been conducted, in which measure-

ments of health-related QoL were undertaken mainly

through the SF-36 questionnaire before and after inter-

feron therapy. Many of these studies have shown that

patients experience significant improvements inmultiple

domains of the SF-36 questionnaire after treatment. For

example, in an international study by Hassanein et al.

[61], 1121 patients were treated with pegylated inter-

feron and SF-36 scores were compared between

responders and nonresponders. Responders showed sig-

nificant improvement in all domains and summary scales

while nonresponders showedworsening in five domains.

Very similar results were found by McHutchison et al.

[62] and Desmoret et al. [63]. Bernstein et al. [64] per-

formed a pooled analysis of three randomized trials and

confirmed the improvement in responders, especially in

the noncirrhotic group. On the other hand, some studies

did not find the same positive effect of response to

therapy on health-related QoL, such as those by Mathew

et al. [65] and Bini and Mehandru [66].

It is hard to assess the effect of antiviral therapy on

health-related QoL for a number of reasons. First, the

effect of the knowledge of response and clearing of the

virus in itself probably has a significant psychological

effect on the patient, thus improving many of the QoL

measures. In the only study of its kind that we are aware

of, patients were blinded to treatment response while the

SF-36 questionnaire was undertaken. In this study on

252 patients by Bonkovsky andWoolley [18], responders

showed an improvement in four scores while relapsers

had a significant worsening in the physical functioning

domain. Similar to the effect of knowing about treatment

response and its debatable effect on health-related QoL, it

is difficult to account accurately and objectively for such

psychological effects in measuring QoL in liver disease

patients in general. Two large studies suggest that this

effect is real. In a study from Australia by Rodger

et al. [67], patients who were previously admitted to

hospital with acute hepatitis between 1971 and 1975

were traced and their stored serum was tested for HCV

markers. Available patients (some aware and some

unaware of their diagnosis) were interviewed and com-

pleted the SF-36 questionnaire. It was interesting to

note that individuals who were aware of their diagnosis

(n = 15) rated significantly worse on seven out of eight of

the standard SF-36 scales than a control Australian

population, while individuals unaware of their serostatus

(n = 19) scored significantly worse on only three scales.

There were no other epidemiologic, physical, or bio-

chemical differences between the two groups. In support

of these findings, when 1286 rural Egyptians who were

unaware of their HCV status were prospectively inter-

viewed by blinded investigators using the SF-12 QoL

questionnaire, the 146 who turned out to be infected

scored similar results to the 1140 individuals who were

HCV-negative [68].

Two other interesting studies looked at patients pre-

senting with chronic fatigue syndrome [69,70] where

HCV status was assessed retrospectively to avoid the

psychological effects of knowing about the HCV infec-

tion. Neither study reported an association between

chronic fatigue and HCV infection. This effect of the

knowledge of the diagnosis on health-related QoL has

been reported in many other chronic diseases. For

instance, normotensive subjects who had been misdiag-

nosed with hypertension were substantially more likely

(30% vs. 8%) to have symptoms of depression than

matched unlabelled normotensive control subjects [71].

In many of the studies mentioned above that suggest a

positive effect of antiviral therapy on health-related QoL

measures, mixed groups of patients were included but we

are now aware that injecting drug users have additional

health-related QoL issues to patients who acquired the

virus through blood transfusion or via iatrogenic routes

[29]. Differences between race and ethnic groups that

may be related to the route of infection also have different

impacts on QoL. While most studies from North America

and Europe show a significant reduction in health-related

QoLmeasures in patients infectedwith HCV, some studies

from other parts of the world like Japan for instance do

not show this [26,27]. The study from Egypt by Schwar-

zinger et al. [68] also did not show a significant difference,

once again suggesting a strong ethnic influence.
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Based on this literature, it is difficult to reach a definite

conclusion on the effect of antiviral therapy on QoL of

patients infected with HCV. Nonetheless, based on the

available evidence, it is safe to infer that antiviral therapy

has a positive effect on QoL. Whether this is directly

related to the clearing of the virus itself or to other

associated factors is unclear.

Specific interventions with possible
benefits

Other than the general management approach explained

here, there are some interventions that have shown

some benefits in managing specific symptoms. These

are summarized in Table 27.3.

Conclusions

Patients with cirrhosis develop many serious complica-

tions such as ascites, bacterial peritonitis, variceal bleed-

ing, and hepatic encephalopathy. Although these

complications significantly compromise the QoL and

functional capacity of these patients, a number of other

less well-recognized and harder to discover systemic

symptoms and disease entities also have a significant

role. These symptoms vary across a wide range of physi-

cal, psychologic, and social domains. It is therefore

extremely important that physicians managing patients

with liver disease and cirrhosis are able to recognize these

systemic symptoms and disease entities early. It is also

important to address these issues through a multidisci-

plinary team of healthcare providers who are able to

have different professional roles in managing these

symptoms in a clear, stepwise, and structured approach.
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Introduction

The diagnosis and management of cirrhosis in pediatric

patients requires special considerations. Different etiol-

ogies, unique nutritional requirements, age-specific

complications related to different stages of growth and

development, as well as size constraints to adapt thera-

peutic procedures to small children are some of the

particularities observed in children.

Cirrhosis associated with chronic cholestasis is the

most prevalent category at the pediatric age group

with the majority of cases resulting from biliary atresia,

but cystic fibrosis and progressive familial intrahepatic

cholestasis (PFIC) are also seen, among others. Cirrhosis

secondary to chronic cholestasis is characterized by a

variable time of development, from months to years,

and frequently by relatively well-preserved liver syn-

thetic function associated with symptoms and signs of

portal hypertension [1].

Children grow and develop due to a complex interplay

between hormones and nutrients in which the liver has a

central role. Interference in this process often leads to

permanent growth and development problems, even

after removing the cause (Figure 28.1). Particular con-

cerns have been expressed for some disorders occurring

during this critical period of life, which could lead to

neurodevelopmental disorders and bone disease [2–4].

Small children (weighing 10 kg or less) constitute a

significant proportion of pediatric cirrhotic patients.

Dealing with specific complications like variceal hemor-

rhage poses special challenges because of the need to

adapt procedures developed for adult patients. Endo-

scopic variceal ligation or transjugular intrahepatic

portosystemic shunt (TIPS) are common examples of

therapeutic approaches that are difficult to apply at

this age.

Management strategies for children with cirrhosis vary

according to the natural history of the disease entity.

Therefore, this chapter highlights individual disorders

leading to cirrhosis in the hope of earlier diagnosis and

improved management strategies.

Particular liver diseases in children
(Table 28.1)

Chronic cholestasis

Biliary atresia

This necroinflammatory and obliterative process of the

biliary tree, with an incidence of 1 in 10 000–15 000

newborn infants, constitutes the single most common

indication for liver transplantation among children. An

enigmatic characteristic of this entity is the rapid pro-

gression of fibrosis, leading to cirrhosis in the first weeks

of life. A combination of genetic and environmental

factors has been proposed to explain it, giving rise to a

particularly intense fibrogenesis driven by an ongoing

immune activation that may persist even after surgical

restoration of bile flow [5,6]. After the Kasai portoenter-

ostomy >50% of patients will clear jaundice if surgery is

performed before 60 days of age but, unfortunately,

almost all will already show an advanced stage of fibrosis

or cirrhosis by that time (Figure 28.2) [7].

For patients who remain icteric (i.e., total serum bili-

rubin >2mg% at 3 months post Kasai), liver transplan-

tation should be offered as soon as possible, because

chances of survival beyond the second year are nil

[8,9]. There is no other example in hepatology in which
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the outcome can be predicted with such precision. Chil-

dren who normalize serum bilirubin levels, on the other

hand, face a variable clinical course mainly influenced by

the presence of complications from portal hypertension,

such as variceal hemorrhage, ascites, and hypersplenism.

Bacterial cholangitis is a universal threat, and is associated

with the worsening of fibrosis and portal hypertension,

especially when recurrent episodes occur. Fifty per cent of

this “initial success” group will need liver transplantation

in the following years, due to complications from end-

stage liver disease leaving only 20–25% of children with

biliary atresia to reach adulthood with their native livers,

having an almost normal life in the context of compen-

sated cirrhosis [10–12].

Cystic fibrosis

This multiorgan disease is produced by mutations in the

CFTR gene encoding themembrane protein, CFTR (cystic

fibrosis transmembrane regulator) responsible for the

efflux of chloride through the cell membrane. As a result,

inspissated secretions are produced in exocrine glands

with plugging and obstruction followed by activation of

the inflammatory cascade, and eventually, secondary

infection which stimulates the vicious circle of inflam-

mation and destruction [13]. Liver disease occurs

because the CFTR is expressed at the apical level of

cholangiocytes, and the consequent biliary obstruction

by the inspissated bile is followed by local deposition of

Figure 28.2 Liver biopsy (H&E staining) from a 2-month-old

patient with biliary atresia, showing a rapid evolution to

cirrhosis. Practically all patients with biliary atresia develop

cirrhosis during the first year of life.

Figure 28.1 Teeth in a 12-year-old (left), and a 14-year-old (right) child with biliary atresia transplanted at the age of 6 and 8 years,

respectively, because of liver failure. Permanent teeth were stained by deposition of bilirubin in dental hard tissues during their

maturation.

Table 28.1 Causes of cirrhosis in children classified according to

their pathogenic mechanism.

Cholestatic causes

Biliary atresia

Cystic fibrosis

Progressive intrahepatic familial cholestasis

Histiocytosis X

Liver inflammatory diseases

Hepatitis

• Chronic hepatitis B

• Chronic hepatitis C

• Autoimmune hepatitis

Metabolic disorders

Alpha-1-antitrypsine deficiency

Wilson’s disease

Glycogenosis types III and IX

Glycogenosis type IV

Tyrosinemia

Niemann–Pick type C

Toxic disorders (nutritional)

Total parenteral nutrition (TPN)
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collagen, giving rise to the characteristic “focal biliary

cirrhosis,” a hallmark of the disease [14]. This initial focal

lesion eventually progresses to a multilobular cirrhosis in

an estimated 5–10% of all patients with cystic fibrosis.

Contributing factors involved in such progression are

essentially unknown, but environmental and genetic

modifiers have recently been implicated [15,16].

As survival of patients with cystic fibrosis improves due

to better control of pulmonary and nutritional complica-

tions, liver disease becomes more relevant to the long-

term outcome, being the third most common cause of

mortality [17,18]. Cystic fibrosis liver disease is difficult

to detect in its early stages because of its focal nature,

hence an active work-up should be implemented involv-

ing physical findings (hepatomegaly, splenomegaly), bio-

chemical tests, and ultrasound examination at regular

intervals [19]. Liver biopsy can help in the diagnosis of

liver fibrosis, although the patchy distribution of the

lesions is frequently misleading and not routinely rec-

ommended by all centers caring for these patients.

Cohorts followed in this way reveal that around 5%

will develop clinically significant liver disease, almost

all before the age of 15 which means that severe cystic

fibrosis liver disease is a pediatric condition [20]. Urso-

deoxycolic acid (UDCA) has been used for many years, in

an attempt to halt the progression of the disease. Despite

initial enthusiasm produced by some improvement in

biochemical liver tests, changes in significant clinical

outcomes have not been confirmed in the long term.

Starting this drug in earlier stages of disease is an appeal-

ing alternative, but better tests are needed to identify

patients who could benefit from it. Nevertheless, UDCA

is generally used because of its safety profile and theo-

retical benefits in the absence of better alternatives [14].

Owing to the well-preserved synthetic liver function

and multi-organ character of the disease, the best

approach to manage complications from portal hyper-

tension in patients with cystic fibrosis is controversial.

Variceal hemorrhage represents a life-threatening com-

plication usually controlled by endoscopic and pharma-

cologic treatments, but its recurrent tendency makes

repetitive anesthetic procedures necessary in patients

who are poor candidates because of suboptimal pulmo-

nary function [21]. Moreover, hypersplenism tends to be

particularly severe in patients with cystic fibrosis, who

often exhibit huge and sometimes painful splenomegaly

that is not resolved by endoscopic treatment. Surgical

shunts or, when feasible, TIPS, offer the possibility of

decompressing the portal tree and have been used for a

long time in selected patients. However, concerns exist

over the possible consequences in the pulmonary vascu-

lar bed and the risk of encephalopathy to which patients

with cystic fibrosis are especially prone. Liver transplan-

tation has the potential of being “curative” of cystic

fibrosis liver disease, but patients should be carefully

selected, and only those with a well-preserved pulmo-

nary function should be considered. Results of single liver

transplantation are very encouraging, with survival rates

similar to other more common indications [17,22].

Progressive familial intrahepatic cholestasis

PFIC constitutes a heterogeneous group of diseases for-

merly called Byler’s disease and characterized by intra-

cellular cholestasis due to molecular defects interfering

with bile formation [23]. The group exhibits signs of

cholestasis from the first months of life, evolving rapidly

to end-stage liver disease in a significant number of

affected children. Biochemical and genetic differences

allow classification into three main subtypes with differ-

ent natural histories, leading to cirrhosis and liver failure

mainly in the pediatric age group [24,25].

Affected patients with low gamma-glutamyl transpep-

tidase (GGT) levels could belong to one of two categories:

FIC1 defects (ATP8B1 mutation) or BSEP defects

(ABCB11 mutation). In the first group, the disorder is

not confined to the liver given the expression of FIC1 in

other cell types, particularly enterocytes and pancreatic

acinar cells [26]. Phenotypic characteristics include jaun-

dice and pruritus starting in the first months of life,

typically with little impairment of liver function for

many years, but with a profound impact on the quality

of life, similar to recurrent benign cholestasis in the adult,

which constitutes the other end of the spectrum [27,28].

Eventually, progressive fibrosis leading to complications

ensues, and the decision to proceed to liver transplanta-

tion must be carefully considered given the risk of post-

transplant complications in this group, like intractable

diarrhea, recurrent pancreatitis, and graft steatosis. Par-

tial external biliary diversion has been considered a

better approach and should be offered early to these

children [29]. Children bearing mutations in BSEP also

exhibit normal GGT levels, but their clinical picture tends

to be more aggressive, with progressive cholestasis and

signs of liver failure during the first years. Therapy with

UDCA or external diversion of bile should be offered first

to these patients [30,31]. As the disease is confined to the
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liver, in contrast to FIC1 patients, transplantation is a

curative option when decompensation ensues or there is

suspicion of hepatocellular carcinoma, which is a worry-

ing complication in the long term [25,32]. Milder forms

have also been described [28,33], and adults with muta-

tions in ABCB11 and a picture of benign recurrent chole-

stasis have been well documented [34], highlighting the

many different expressions of this entity. Recurrent

cholestasis after liver transplantation has been described,

secondary to an immune-related reactivity against the

BSEP protein that was not expressed in the native

liver [35].

Patients with high GGT levels and a normal biliary tree

usually have a defect in the MDR3 gene, giving rise to

mutations in the MDR3 transporter which reduces the

concentration of phospholipids in bile. Phospholipids are

necessary to buffer the detergent effects of bile salts on

the cholangiocyte plasma membranes. This explains a

picture of generalized damage to the intrahepatic biliary

tree, with a characteristic histologic picture of portal

fibrosis and cholangiolar proliferation akin to obstructive

bile duct diseases [36]. The clinical spectrum of the

disease, again, is very broad, from neonatal cholestasis

to adult cirrhosis [37]. Affected children exhibit a bio-

chemical picture of cholestasis with variable degrees of

jaundice and pruritus in the context of portal hyper-

tension. Management is usually directed to control the

complications of portal hypertension and chronic chole-

stasis [30]. For those who exhibit some degree of liver

failure, liver transplantation is an option [38].

As a group, PFIC constitutes a growing category of

diseases with a very heterogeneous picture for which a

tailored approach should be taken in each case.

Genotype–phenotype associations are being unraveled

and asmore detailed genetic testing is conducted, overlap

among different categories is becoming evident, and is

the focus of intense research. In addition, studies on

protein sorting have led to new forms of therapy

[25,39–41].

Langerhans cell histiocytosis

Progressive cholestasis has been described in children

with Langerhans cell histiocytosis who go on to develop

primary sclerosing cholangitis (PSC). This uncommon

association should be suspected and investigated in every

patient having this form of histiocytosis associated with

abnormal liver tests (mainly increased GGT levels), as

specific treatment protocols can result in stabilization and

eventually remission of the liver disease. Progression of

the disease leads to cirrhosis and development of life-

threatening complications, for which liver transplanta-

tion becomes necessary. Survival rates have been com-

parable to other more common indications, and no

relapse of the original disease has been reported so far

in the transplanted liver [42]. Although this is typically a

pediatric disease, rare cases among adult patients have

also been reported [43].

Chronic liver inflammation

Autoimmune hepatitis

Autoimmune hepatitis (AIH) is a necroinflammatory

disease of the liver of unknown etiology progressing, if

untreated, to cirrhosis and liver failure in many patients.

Characteristic presence of circulating autoantibodies dis-

tinguishes two types of AIH: patients with type 1 AIH

have anti-smooth muscle antibodies or antinuclear fac-

tor, whereas anti-liver-kidney microsome or liver cytosol

antibodies define type 2 AIH. Forty percent of type 1 AIH,

and 80% of cases of type 2 AIH are diagnosed before the

age of 18 years, which means that this is primarily a

pediatric disease [44].

AIH is a fluctuating disease characterized by alternat-

ing periods of remission and relapses and a silent course

occasionally showing a “hepatitis-like” picture with mal-

aise, jaundice, and dark urine. Affected patients com-

monly develop a firm liver, with a prominent left lobe.

Splenomegaly, spider nevi, palmar erythema, and occa-

sionally ascites are signs of chronicity and should alert the

physician to consider AIH among differential diagnoses.

Acute liver failure, or acute decompensation of a chronic

condition, can also be a form of presentation, in approxi-

mately 10% of patients [45]. Unfortunately, in a sub-

stantial number of patients, the interval from the first

symptoms to the diagnosis is longer than expected,

allowing the inflammatory liver injury to progress to

more advanced stages of fibrosis before an effective

treatment is implemented (Figure 28.3) [46].

Bile duct lesions can be seen in 20% of patients with

AIH, as part of an exuberant inflammatory infiltrate of

the portal tract without any abnormal changes in chol-

angiograms. Caution should be applied when dealing

with these patients, as true bile duct lesions do not

respond to immunosuppressive treatment. In addition,

when stenosis and dilatation of bile ducts are observed,

even in the presence of an inflammatory infiltrate similar

to that found in livers from patients with AIH, the
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long-term outcome is that of PSC. Differential diagnosis is

not always easy, considering that 30% of children with

PSC show at onset characteristic features of AIH, such as

the presence of autoantibodies, raised serum IgG, and

interface hepatitis on histology, probably as a result of an

unspecific inflammatory activation [44].

Ultimately, 40–90% of patients develop cirrhosis, with

the differences probably related to the type of diagnostic

procedures. When using strict histologic criteria, needle

biopsy is far from ideal because the size of the sample limits

the detection of large nodules so common in this post-

necrotic process. Instead, laparoscopic-guided biopsy

could overcome the problem, although this procedure

must be reserved to special circumstances [47,48].

Immunosuppression induces remission of the disease

in 80–90%of patients, for which the long-term prognosis

is excellent as long as patients adhere to treatment

[46,49]. There is evidence of regression of fibrosis and

even cirrhosis in many of these patients, highlighting the

importance of an early diagnosis in order not to delay

treatment [50].

For those patients in whom there is progression of the

disease despite treatment and for those not responding to

therapy (approximately 10%), liver transplantation con-

stitutes the last therapeutic alternative. A larger risk of

late rejection has been described in these patients, there-

fore a closer follow-up and frequent adjustments of

anti-rejection treatment are necessary [51]. Recent

developments in the field of immunosuppressive treat-

ment have helped to rescue formerly refractory patients,

and are expected to reduce the number of liver trans-

plantations in the near future [52,53].

Hepatitis B virus

Chronically infected children with hepatitis B virus

(HBV) go through different stages in the natural history

of the disease, according to the host–viral interaction.

Seroconversion of e-antigen/anti-e antibody is a major

event in this process and usually heralds the passage to a

nonreplicative viral state. The duration of replicative

state is directly related to the possibility of developing

the most serious consequences of HBV liver disease (i.e.,

cirrhosis and hepatocellular carcinoma). The incidence of

cirrhosis in HBV infected children has been estimated to

be <4%, rising to 25% in those coinfected with the delta

agent [54]. Well-documented cases of cirrhosis regres-

sion after long-term follow-up have been reported [55].

Children infected by vertical transmission tend to have a

longer immunotolerant stage, and develop complications

later than horizontally infected ones, probably as a con-

sequence of a less vigorous immune response at the time

of infection [56].

Hepatitis C virus

Hepatitis C vius (HCV) infection in children tends to run a

milder course than in adults. Cohorts followed many

decades after perinatal acquisition of the virus show a

predominant asymptomatic state with normal or near-

normal alanine aminotransferase (ALT) values [57].

Minimal histologic changes are the rule, with a preva-

lence of cirrhosis estimated in only 1–2% of patients. The

frequency of HCV-related disease as an indication for

liver transplantation among children is less than 1%,

according to data from the Studies of Pediatric Liver

Transplantation (SPLIT) database, in open contrast

with the adult population. These data tend to confirm

the idea of a relatively benign disease in the pediatric age

group [58]. Differences in the rate of progression are

probably related to less exposure to comorbidities, like

alcohol and steatosis.

Metabolic (inherited) diseases of the

liver

Alpha-1-antitrypsin deficiency

This autosomal recessive disorder is the most common

genetic cause of neonatal cholestasis, with a frequency

Figure 28.3 Magnetic resonance image of the abdomen of a

14-year-old girl with late diagnosis of autoimmune hepatitis

showing nodular liver atrophy and large splenomegaly

secondary to portal hypertension (spleen length 173mm).
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of 1 in 1500–2000 live births in Western countries. Liver

disease is mainly associated with a particular structural

variant of A1AT named Pi ZZ according to its character-

istic migration pattern on protein electrophoresis. This

mutated protein becomes misfolded, then forms aggre-

gates that precipitate into the endoplasmic reticulum,

and activate a cascade of events ending in cellular death

and inflammatory response [59]. Thus, liver damage

derives from the presence of the anomalous protein

inside the liver cell, which has clear therapeutic

implications.

Affected infants with A1AT deficiency (Pi ZZ) face

different outcomes. The only population-based study

showed that 17% presented with neonatal cholestasis,

with nearly 20%of them developing cirrhosis some years

later. The long-term outcome for the entire cohort was

generally good, however, as 85% of patients showed no

signs of liver disease at 18 years of age [60]. Specialized

referral centers have reported an incidence of cirrhosis of

40% among A1AT PiZZ deficient patients [61]. Most

children followed in those centers developed neonatal

cholestasis and cleared the jaundice after a few months,

but persisted with altered liver function test results. Thus,

A1AT deficiency should be ruled out in any patient with

cirrhosis of unknown etiology, especially in those with

previous history of cholestasis in infancy. Associated

pulmonary and renal disease has been described in a

significant number of patients around 10 years of

age [62].

Enzymatic replacement is not a therapeutic option in

A1AT associated liver disease, because damage is pro-

duced by the accumulation of the intracellular misfolded

protein (seen as diastase-resistant PAS-positive globules

on microscopy). Currently, liver transplantation offers

the only “curative” treatment, when decompensated

cirrhosis ensues. Factors predicting long-term prognosis

have not been fully elucidated; the disease runs a very

variable course among different individuals so this has

been a difficult task. Persistent jaundice and clotting

deficiencies are probably the best predictors of a poor

outcome [62].

Wilson’s disease

This genetic disease is produced by mutations in the

ATP7B gene resulting in an absent or dysfunctional pro-

tein, “Wilson’s ATPase”, which is a Golgi transmembrane

transporter of Cu, expressed in liver, kidneys, CNS, and

placenta. As a result of its absence or malfunction, copper

excretion in bile is impaired, and its intracellular accumu-

lation of it leads to injury owing to its intrinsic toxicity

[63].

Clinical expression covers a wide range, from primary

hepatic to neurologic symptoms, but hepatic forms

characteristically prevail in the pediatric age group. Liver

disease can be silent, as in the screening of an index case,

or it can manifest itself as a most devastating acute liver

failure, highlighting the need to considerWilson’s disease

in every child presenting with abnormal liver tests of

unknown etiology. Such a statement is of particular

relevance considering that treatment is available, and

effective to avoid progression of cirrhosis to liver failure

when started promptly.

As copper accumulates, liver biopsy shows steatosis,

necroinflammatory changes, fibrosis, and, eventually,

cirrhosis. Although this usually takes years to establish,

cases have been recorded as early as at the age of 3.

Diagnosis is based on the demonstration of altered copper

metabolism. Low serum ceruloplasmin, and high

24-hour urinary copper excretion are the most reliable

screening tests, the gold standard being the quantifica-

tion of copper in liver tissue (>250 μg/g dry weight).

Finally, the end-point is the sequencing of the ATP7B

gene, not possible in emergency situations before starting

a specific treatment [64,65].

Treatment is aimed at copper chelation, either with

penicillamine or trientine administered orally. Zinc salts

can be used as well, owing to its property to induce

enterocyte metallothionein, a protein with high copper

affinity that acts as a natural chelator fostering its loss

with the normal shedding of enterocytes in feces.

Patients presenting with decompensated cirrhosis or

acute liver failure most probably need liver transplanta-

tion. However, it is worthwhile to try a course of chela-

tion in newly diagnosed patients, giving them the

possibility of a favorable outcome without liver trans-

plantation even in the acute severe forms [64].

Hereditary tyrosinemia (tyrosinemia type I;

fumarylacetoacetase deficiency)

This disease is produced by the absence of the enzyme

fumarylacetoacetase, and is characterized by progressive

liver damage, renal tubular dysfunction, and neurologic

crisis.

Affected children can present with signs of liver disease

starting during the first weeks of age, ranging from an

acute liver failure “sepsis-like” to a more chronic form
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characterized by failure to thrive, bleeding tendency, and

signs of portal hypertension. Serum ALT and bilirubin

tend to be minimally raised. Histologic findings evolve

frommicronodular tomacronodular cirrhosis, and devel-

opment of hepatocellular carcinoma in 10–30% of

patients during the first years of life. It should also be

noted, however, that these figures differ according to the

time of introduction of an effective treatment, which, in

turn, depends on a timely diagnosis [66].

Availability of nitisinone since 1992 has produced a

dramatic change on the course of the disease, in associa-

tion with the neonatal diagnosis of the deficiency.

Together with dietary restriction of phenylalanine and

tyrosine, nitisinone allows control of the process in more

than 90% of the patients, arresting the progression to

cirrhosis (and probably hepatocellular carcinoma), stabi-

lizing the renal disease, with almost complete disappear-

ance of neurologic crises. These remarkable results

should compel the clinician to consider tyrosinemia in

every child with clinical and laboratory signs of liver

disease, especially in the context of renal (signs of tubular

dysfunction and nephrocalcinosis) and neurologic symp-

toms. For those who develop carcinoma, liver transplan-

tation is the best option [67]. In some cases, considering

the potential worsening by calcineurin inhibitors of an

already diminished renal function, a combined liver–

kidney transplant could be indicated.

Niemann–Pick type C disease

This genetic disease is produced by an altered intra-

cellular transport of cholesterol for which the precise

mechanism is still incompletely elucidated. In the first

months of life it is part of the neonatal cholestasis syn-

drome, being the second most common genetic cause

behind A1AT deficiency, explaining 8% of cases of “neo-

natal cholestasis,” and 25% of “neonatal hepatitis-like

syndrome” [68,69]. Affected infants can exhibit signs of

severe liver impairment like ascites, jaundice, and hepa-

tomegaly. Splenomegaly is a characteristic finding, per-

sisting even after resolution of other signs, and serves as a

useful marker when neurologic deterioration is the form

of presentation.

Findings on liver biopsy show different degrees of

hepatocellular cholestasis, ductal proliferation, progres-

sive fibrosis, and cirrhosis. Ductopenia has also been

described, probably associated with a worse prognosis.

Currently, there is no effective treatment for this

lethal condition. Liver transplantation does not avoid

progression of neurologic damage, and should not be

offered to these patients.

Glycogen storage disease types III and IX

Occasional patients with these two glycogen storage

disease (GSD) variants show fibrosis progressing to cir-

rhosis in later years, usually in adolescence or young

adulthood [70]. Some affected children with GSD type III

can also exhibit muscular disease including cardio-

myopathy, detected by raised serum values of creatine

phosphokinase. These patients should not be considered

for liver transplantation, and dietary therapy aimed at

sustaining normal levels of serum glucose through the

use of frequent feedings with complex carbohydrates is

the treatment of choice. For those with only liver

involvement, liver transplantation can be an option if

end-stage cirrhosis develops [71]. Similar criteria apply to

some GSD type IX patients, who develop cirrhosis. Clini-

cal differentiation among these forms is very difficult,

and should be based on specific tests and mutation

analysis.

Glycogen storage disease type IV

Also called amylopectinosis, this disease is produced by

the absence of glycogen branching enzyme, giving rise to

an amylopectin-like polysaccharide instead of normal

glycogen, which is insoluble and accumulates mainly

in liver, striated muscle, and heart, among other tissues.

In the most common hepatic form, children present with

signs of progressive liver disease and early cirrhosis

during the first month of life, and the only effective

treatment is liver transplantation (Figure 28.4). In spite

of the good results obtained initially, concern has arisen

after reports of fatal outcomes with progressive myocar-

dial involvement following liver transplantation [72]. To

date there are no effective ways to predict such dismal

outcomes.

Toxic (nutritional) liver disease

Total parenteral nutrition-associated liver disease

The most feared complication of total parenteral nutri-

tion (TPN) is the development of cholestatic liver disease;

this is especially true in infants with extensive resections

of the small bowel and in those with inherited chronic

diarrhea syndromes. Although liver complications from

TPN span all ages, neonates and infants are particularly

susceptible to develop the most severe forms, like cirrho-

sis and end-stage liver disease. Owing to the complex
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nature of these patients, establishing a clear etiologic

factor has proven elusive, and a multifactorial process

is probably the best explanation. In that sense, pre-

maturity, low birth weight, complete absence of enteral

feedings, and septic complications are among the best

known risk factors. Recently, some components of the

administered solution have received particular attention

as a significant cause of cholestasis, offering an attractive

explanation for many affected patients [73].

Children who develop cholestasis during TPN are at

high risk of rapid progress to portal fibrosis, cirrhosis, and

decompensated liver failure. Persistent jaundice is usu-

ally the first ominous sign, with splenomegaly heralding

advanced liver damage. Every effort should be made to

stop progression of liver disease before cirrhosis is estab-

lished, but unfortunately this is not possible in many

cases because many of these patients cannot be weaned

from TPN. Nevertheless, cycling perfusion, changing

components of the formula, administering even minimal

amounts of enteral feedings, and controlling every pos-

sible source of infection are rewarding measures that

should be encouraged in every instance [74,75]. Admin-

istration of UDCA (20mg/kg/day) is also a widely

accepted therapy, unfortunately not available for intra-

venous administration. N-acetylcysteine has also been

used in a similar fashion in this context. New develop-

ments in surgical techniques have allowed recovering of

failing intestines through complex lengthening proce-

dures that restore the capacity to tolerate oral feedings.

When all the above measures are insufficient, organ

replacement becomes the only option. This is a complex

decision, because liver disease is secondary to intestinal

insufficiency, and consideration should be paid to

whether liver alone, small bowel, or combined trans-

plantation should be offered.

Conclusions

Several factors including the etiology of the liver disease in

children with cirrhosis require special consideration,

because of the large variety of disease entities and their

variable natural history (Table 28.2). Most causes of cir-

rhosis considered in this chapter are exclusively detected

or diagnosed in the pediatric age group. Follow-up of

patients needs a detailed knowledge of the particular

natural history of each of these diseases. Thanks to the

improvement of care, less invasive diagnostic techniques

to detect and quantify fibrosis, including the application of

elastography in children, and the discovery of new treat-

ments, most patients now reach adulthood and are cur-

rently being transferred to adult health centers.

Pediatricians need to prepare their patients with chronic

liver diseases for a smooth transition to adult healthcare

facilities, encouraging them to be compliant for clinical

visits and treatments. Unfortunately, transfer of patients

has frequently been marked by nonadherence and

absence of medical follow-up, resulting in adverse clinical

outcomes. Hepatologists caring for these young adults

Figure 28.4 Early cirrhosis in a 6-month-old boy with glycogenosis type IV (H&E and PAS staining).

Table 28.2 Features to be considered in the management and

follow-up of children with cirrhosis.

Etiology of the disease

Specific natural history

Disease stage at diagnosis

Status of growth and development

Particular nutritional deficiencies

Extrahepatic diseases

Complications of portal hypertension

Availability of therapeutic tools and local expertise

Early detection of liver failure
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are thus confronted with a new challenge, and need to

establish regular communication with their pediatric col-

leagues, as well as to update their knowledge and upgrade

their experience in order to improve the quality of care

given to pediatric patients transferred to them.
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