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Preface to third edition

We have been most encouraged and delighted by the very 
positive responses received since the publication of the sec-
ond edition of the Textbook of Pleural Diseases in 2008. �e 
book won the prestigious honor as the best textbook (respi-
ratory category) at the annual British Medical Association 
Medical Book Awards. 

It has been our aim to provide a comprehensive, yet easily 
readable, reference text that covers both basic and clinical 
science on pleural diseases. �is book separates itself from 
other texts in the �eld by enlisting international leaders in 
the �eld to cover “practice changing” advances at the fore-
front of pleural medicine. By doing so, we hope that this text 
will serve to stimulate much needed clinical and research 
interests in pleural medicine. �is book is most relevant 
for pulmonologists, intensivists, and thoracic surgeons, but 
general internists, general surgeons, and emergency physi-
cians will also bene�t from this text. It is a useful addition to 
libraries of all pulmonary centers, for clinicians and nurses 
of all grades.

Knowledge concerning pleural medicine has grown 
in stature and complexity in the since the last edition. 
Five new chapters have been added to this edition and 

the remaining chapters substantially updated to re�ect 
the expansion of knowledge in the �eld. About a third 
of the 50 chapters of this edition are written by new 
expert authors providing fresh ideas and views. Recent 
years have seen the incorporation of new technologies in 
clinical management of pleural diseases, hence the new 
chapters on “Tunneled pleural catheters” and “Pleural 
manometry.” �e concern for procedural complications 
involving pleural disease has been addressed by a new 
chapter on “Pleural procedural complications and safety 
measures.” Another new chapter addresses “Setting up 
a pleural practice,” a new global trend marking the rec-
ognition of pleural medicine as a unique subspecialty in 
its own right. Nonetheless, a de�nitive etiology remains 
 elusive in many pleural e�usions (see “Undiagnosed pleu-
ral e�usions”), and serves as a reminder of the inadequacy 
of our current knowledge of pleural pathologies. 

In this edition, we have kept the popular format of pro-
viding a bullet point summary in each chapter as well as 
highlighting seminal papers in the reference lists. We are 
con�dent that this edition will �nd a useful place in all hos-
pitals and medical libraries.

Richard W. Light
Y.C. Gary Lee
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1
Pleural diseases: Historic perspective

GIAN FRANCO TASSI AND GIAN PIETRO MARCHETTI

KEY POINTS

 ● Parietal pleura begins to take on its own anatomical identity, being divided into its principal parts (mediastinal, 
costal–vertebral, diaphragm) in the treatise Anothomia (1316) of Mondino de Liuzzi.

 ● Visceral pleura is accurately described by Caspar Bauhin in his Theatrum Anatomicum (1592).
 ● �e �rst to illustrate pleurisy was Hippocrates of Kos (460–377 bc), who frequently discusses it in his aphorisms 

and treatise on diseases.
 ● A systematic treatment of pleurisy is demonstrated in the 1740 volume De Pleuritide Ejusque Curatione 

(On Pleurisy and Its Treatment) written by Daniel Wilhelm Triller, a doctor and philosopher in Wittemberg.
 ● �oracoscopy was initiated in 1910 by the Swedish internist Hans Christian Jacobaeus.
 ● Gotthard Bülau, a German internist, the leading pioneer of the water valve, introduced the closed water-seal 

drainage for empyema in 1875.
 ● �oracoplasty in the treatment of chronic empyema was designed in 1877 by J.A. Estlander, who was the �rst to 

understand the bene�cial e�ects on the lung of collapsing the thoracic wall.
 ● �e �rst decortication with removal of the visceral pleura to reexpand the lungs was performed in 1893 by the 

French surgeon E. Delorme on a young French soldier su�ering from tuberculous empyema.

For centuries the pleura as an anatomical entity was either 
ignored or confused with the thoracic wall.1

In ancient Greek, “pleuron” meant �ank or side and was 
used generically in other �elds such as mythology, zoology, 
geometry, and architecture: Pleuron was an important �g-
ure in Greek mythology (the brother of Calydon and son 
of Aetolus); in zoology, pleuron is the lateral part of the 
thorax of an insect; in Plato’s Timaeus (c. 360 bc) the side 
of a triangle is called a pleuron (Timaeus, 53c); in architec-
ture, a pleuron was a triangular opening in a partition wall 
of a cistern. �ere was also the city of Pleuron in Aetolia, 
cited by Homer in the Iliad (Book II, 639) and by Ovid in 
Metamorphoses (Book VII, 382), so called perhaps because 
it was built on the side of a hill.

 THE PLEURA AS AN ANATOMICAL 
ENTITY

�e �rst to introduce the concept of a membrane was 
Aristotle (384–322 bc). In his History of Animals, he wrote, 
“In all sanguineous animals membranes are found. And 
membrane resembles a thin close-textured skin, but its 
qualities are di�erent, as it admits neither of cleavage nor 
of extension. Membrane envelops each one of the bones 
and each one of the viscera, both in the larger and the 
smaller animals; though in the smaller animals the mem-
branes are indiscernible from their extreme tenuity and 
minuteness.”2
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Another advance came from the School of Alexandria 
with Erasistratus (310–250 bc), who distinguished between 
illnesses which a�ected only the lung and those which 
a�ected the hymen hypezocota (undergirding membrane), 
which covers the thorax.3

Pliny (23–79 ad) said “Nature, in its foresight, has 
enclosed all the principal viscera in membranes (membra-
nae propriae) as if inside a special sheath.”4

Soranus (98–138 ad) and Galen (129–200 ad), contin-
ued Erasistratus’s approach, describing the “membrana 
succingens” (guiding membrane): “Nature created another 
structure of the same substance as the peritoneum and per-
forming for the organs of the pneuma as does the perito-
neum for the organs of assimilation. It is as �ne as a spider’s 
web; it is homogenous and a true and real membrane.” He 
attempted to de�ne their function: “�ese membranes are 
present on the inside of the entire thoracic cavity. �ey are 
located in order to provide protection for the lungs, prevent-
ing them from striking the bare bone during breathing.”5,6

Aretaeus of Cappadocia (200 ad) is more precise: “Under 
the ribs, the spine, and the internal part of the thorax as far 
as the clavicles, there is stretched a thin strong membrane, 
adhering to the bones, which is named succingens.”7

Avicenna (c. 980–1037), a follower of the works of 
Aristotle, advanced the hypothesis in the book The Canon 
of Medicine that the pleura also cover the thoracic organs.8

However, it was only during the Renaissance, when 
autopsies were carried out, that a more accurate de�nition 
could be given. Mondino de Liuzzi (c. 1275–1326) in his 
anatomical treatise Anothomia (1316) describes the parietal 
pleura. “�e membranes are three: the mediastinal pleura 
which divides the thoracic cavity medially in an anterior-
posterior direction. Its function is that if for some reason 
an empyema, an accumulation of pus in the chest, forms, 
the pus does not drain to the other part. �en there is the 
costal-vertebral pleura, which is a strong membrane with 
a nervous structure; it is large and covers all the ribs and 
is thus in contact with all the organs of the thoracic cav-
ity. Because of the sensitivity of the pleural membrane, an 
infection is followed by a sharp pain in the side of the body. 
�e third membrane is the diaphragm.”9

�us, the pleura begin to take on its own identity, being 
divided into its principal parts, each with its own character-
istics, and with accurate anatomical references.

�ree centuries later, Caspar Bauhin, in his Theatrum 
Anatomicum (1592), was still more precise when he accu-
rately described visceral pleura. With him the “membrana 
costas succigens” de�nitely becomes “pleura.”10

However, it was only in the monumental work of Francois 
Xavier Bichat (1771–1802) that the function of the pleura was 
considered, rather than being simply regarded as a covering. 
In his Traité des membranes en général et de diverses mem-
branes en particulier (Treatise on Membranes in General and 
Various Membranes in Particular) he wrote, “�e serous 
membranes are characterized by the lymphatic �uid which 
incessantly lubricates them and that every serous mem-
brane represents a sack without an opening spread over the 

respective organs which it embraces. �eir �rst function is 
doubtless to form about the essential organs a boundary 
which separates them from those of their vicinity. A second 
function is to facilitate the moving of the organs.” Also, “the 
surface of the pleura has a smooth and pale aspect because 
of a serous �uid of which the membrane is the source. �is 
�uid is constantly produced and reabsorbed. It is so thin that 
the color of the underlying parts can be distinguished.”11

PLEURAL DISEASES

�e �rst to illustrate pleurisy was Hippocrates of Kos (460–
377 bc), who frequently discusses it in his aphorisms and 
treatise on diseases. �e symptoms described were a con-
stant fever, sweat, a cough, and pain. He said, “When pleu-
ritis arises, a person su�ers the following: he has pain in 
his side, fever and shivering; he breathes rapidly and he has 
orthopnea.”12

Many of his aphorisms—short sentences which were for 
many years the only source of information for practicing 
doctors—deal with pleurisy: “Pleuritis that does not clear up 
in fourteen days results in empyema.” “Pneumonia coming 
on pleurisy is bad.” “Pains and fevers occur rather at the for-
mation of pus than when it is already formed.” Others refer 
to the prognosis: “Persons who become a�ected with empy-
ema a�er pleurisy, if they get clear of it in forty days from 
the breaking of it, escape the disease; but if not, it passes 
into phthisis.” And therapy: “When empyema is treated by 
the cautery or incision, if pure and white pus �ow from the 
wound, the patients recover; but if mixed with blood, slimy 
and fetid, they die.”13

Hippocrates recommends treating empyema by draining 
through the mouth, or with purgatives, or inducing vomit-
ing, but also attempts a more “modern” approach, advising 
an oblique cut in the lowest intercostal space, perforation, 
or removal of a piece of rib, thereby creating the �rst open 
drainage system and �lling the incision with linen gauze. 
He suggests washing the cavity with oil and warm wine; 
an empyema can drain �rst from the lungs rather from 
the thoracic wall; he describes (digital) clubbing in chronic 
suppuration. He also identi�ed the most appropriate loca-
tion for the incision in the thoracic wall with “the sign of 
damp earth,” which was achieved by covering the patient’s 
thorax in mud and making the incision in the part which 
dried �rst. He is also responsible for “hippocratic succus-
sion,” which involves shaking the patient by the shoulders in 
order to identify the sound of liquid inside the thorax. �is 
maneuver had positive results only in the presence of a cer-
tain level of air and liquid and was therefore possible only in  
the �nal stages of the disease.14

From the ancient Roman period there is not only docu-
mentary evidence regarding the history of pleural disease 
but also archaeological discoveries from excavations at 
Pompei that have produced surgical instruments, which 
were apparently used to drain purulent accumulations.
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Aulus Cornelius Celsus (25 bc–50 ad) identi�ed the 
characteristics of in�ammation (rubor, tumor, calor, dolor), 
applicable also to thoracic suppuration, and he describes 
pleurisy in his De Medicina (Book IV): “�e stomach is girt 
about by the ribs, and in these also severe pains occur. And 
the commencement either is from a chill, or from a blow, or 
from excessive running, or from disease. But at times pain is 
all there is the matter, and this is recovered from be it slowly 
or quickly; at times it goes on until it is dangerous, and the 
acute disease arises which the Greeks call pleurisy. To the 
aforesaid pain in the side is added fever and cough; and by 
means of the cough, phlegm is expectorated when the dis-
ease is less serious, but blood when it is grave.”15 He sug-
gests treatment by bleeding or cupping glass, advising walks 
and potions of hyssop with dried �gs, rubbing the shoulder 
blades, light food, the application to the chest of a poultice 
of ground salt, and abstinence from wine.

�ere is a curious but perhaps signi�cant anecdote related 
by Pliny the Elder (23–79 ad) in his Naturalis Historia in 
which he tells the story of the consul Publius Cornelius 
Rufus who, su�ering from an empyema and convinced of 
his imminent end, launches himself boldly into battle and is 
struck by an enemy arrow in the thorax, causing the drain-
ing of the e�usion and consequently his recovery.4

Soranus (98–138 ad) o�ers some elementary epidemio-
logical notions, con�rming that pleurisy is more frequent in 
old age than in youth, in women than in men, and strikes 
mainly in winter months.

Galen (129–216 ad) noted the importance of the pulse, 
which is faster in cases of in�ammatory diseases of the 
thorax, and describes the occurrence of pleural e�usion: 
“A sense of heaviness can persist inside the ribs. �is means 
a quantity of pus or other humor has gathered in the tho-
racic cavity causing dyspnea.”6

In subsequent centuries references to pleurisy are less 
numerous, but in the Regimen Sanitatis Salernitanum (1000 
AD) is written, “Pleuresia est vera cum spirandi gravitate, 
febreque continua, tussi, laterioque dolor” (Pleurisy is real 
if there is di�culty in breathing and constant fever, cough, 
lateral pain.).16 Avicenna (c. 980–1037) describes in the third 
book of the Canon the clinical characteristics: “�e symp-
toms of simple pleurisy are clear: constant fever, violent pain 
under the ribs which sometimes only manifests itself when 
the patient breathes strongly … the third symptom is dif-
�culty in breathing and frequency of breathing. �e fourth 
symptom is a rapid and weak pulse. �e ��h symptom is 
the cough.”8

Until this time descriptions of therapy tend to be brief 
and only in the sixteenth century there appears to have 
been a proactive approach toward surgery by Ambrosie Paré 
(c. 1510–1590) who was a leading surgeon, specialist in battle-
�eld surgery, and a pioneer in the medical �eld. He appears 
to have been particularly interested in empyema and had a 
series of instruments made for the drainage of e�usions and 
suggested the advantage of enlarging the breach in the thorax 
to facilitate the emptying of purulent substances and then 
washing the pleura with a disinfecting solution: “the pus and 

matter must be evacuated little by little at several times, and 
the capacity of the chest cleansed by a detergent injection of 
barley water and honey of rose.” He points out the serious 
e�ect of the entry of air into the thorax (so that the vital spir-
its do not escape). He also describes a subcutaneous emphy-
sema resulting from a costal fracture17 (Figure 1.1).

�e work of Fabrizio d’Acquapendente (1537–1619) is 
also important. Having declared the empyema to be “a col-
lection of rotten material,” he proposed “manuariam opera-
tionem” (manual operation) for removal, indicating that 
the e�usion should be drained gradually, the thoracotomy 
breach le� open, a perforated cannula introduced, and the 
pleural cavity washed with wine and oil.18

In 1528 the �rst book entirely dedicated to pleurisy 
appeared, entitled De incisione vene in pleuritide by Andrea 
Turini. �is was followed in 1536 by Liber de pleuritide ad 

Figure 1.1 Ambroise Paré 1582 book.
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Galeni e Hippocratis scopum by Benedetto Vittori. Other 
books of note were Tentamen Medicum de Pleuritide Vera 
by Leonardus Bardon de Montpellier (1777) and in1740, the 
systematic treatment of pleurisy in the volume De Pleuritide 
Ejusque Curatione19 (Figure 1.2) written by Daniel Wilhelm 
Triller, a doctor and philosopher in Wittemberg. In this 
book there is a discussion on the diet in patients with pleu-
risy—“During the force of the disease, meat and all species 
of aliments too rich or greasy are prohibited, whereas light 
broths of veal or chicken and also raisins, cherries and simi-
lar fruits are allowed …”—and some hygienic measures are 
advised: “�e temperature in the chamber of the sick must 
be tepid or instead cool rather than hot…. It is therefore 
necessary to open the windows several times per day….”

Very incisive is the chapter on empyema in the excellent 
book of 1710 by Dionis, which has extensive and practical 
descriptions and is backed up by showing a set of surgical 
instruments made especially for the operation.20

Giambattista Morgagni in 1761 in “De sedibus et causis 
morborum” (Letters 20 and 21) discusses pleurisy at length 
and remarks on the frequency of adhesions. �eir presence 
had already been noted in the sixteenth century, the period 
in which the practice of autopsy had become more wide-
spread, and Isbrand di Diemerbroek, professor of anatomy 
in Utrecht from 1651 to 1674, speculated that up to a third 
of the “normal” population could be subject to this “anom-
aly.” His contemporary, Nicolas Tulpius from Amsterdam, 
famous for being immortalized in a painting by Rembrandt, 
considered that a lung entirely free from adhesions was a 
rarity in adults. �is opinion was shared by Morgagni, who, 
having observed their absence in fetuses, considered they 
were not congenital, even though not necessarily the result 
of diseases such as pleurisy or pneumonia.

�e origin of pleural adhesions gave rise to some fanci-
ful theories, the most original of which was surely that of 
the French zoologist Duvernoy (1777–1855), who attributed 
them to laughter: “le rire en e�et n’appartient qu’aux seuls 
humains, et seulement après qu’ils sont nés” (only humans 
laugh, and only a�er they are born).

Joseph Lietaud in 1767 in a series of 3000 autopsies 
described the presence of two pleural tumors, possibly 
mesothelioma: “Reperitur in dextro thoracis latere tumor 
ingens pleuram occupans” (On the right side of the thorax 
there was found a large tumor in the pleura).21

In the nineteenth century, more emphasis was placed on 
attempting early diagnosis. Until then interventions o�en 
took place when the symptoms of disease had become very 
obvious, that is, at a very late stage. 

Progress in this direction can be attributed to semeiotic 
of respiration initiated by Leopold Auenbrugger and his 
Inventum Novum22 of 1761 (Figure 1.3) in which he pre-
sented chest percussion as a method of physical examina-
tion: “�e thorax of a healthy person sounds when struck. 
If a sonorous region of the chest appears, on percussion, 
entirely destitute of the natural sound, disease exists in that 
region.”

But even more signi�cant was De l’Auscultation Médiate 
ou Traité du Diagnostic des Maladies des Poumons et du 
Coeur (On Mediate Auscultation or Treatise on the Diagnosis 

Figure 1.2 Triller’s 1740 De Eleuritide Ejusque Curatione 
(On Pleurisy and Its Treatment)

Figure 1.3 De l’Auscultation Médiate ou Traité du 
Diagnostic des Maladies du Poumon et du Coeur 
(On Mediate Auscultation or Treatise on the Diagnosis of 
the Diseases of the Lungs and Heart) Volume I, by R.T.H. 
Laennec.
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of the Diseases of the Lungs and Heart) by R.T.H. Laennec 
in 1819, two volumes in which he systematically describes 
thoracic diseases. In the second part of the �rst volume23 
(Figure 1.3), dedicated to exploration of respiration, chapters  
V and VI illustrate the pleural diseases.

Laennec distinguished between acute and chronic 
pleurisy, classi�ed pleural disease, separates them from 
peripneumonia, and describes the hemorrhagic form and 
�brothorax. With the introduction of the stethoscope, the 
presence of liquid in the thorax could be diagnosed at an 
earlier stage. He identi�ed the major obstacle to the success-
ful removal of liquid as being the pressure of the lung on 
the mediastinum and vertebral column, and understood the 
danger of exposing the pleural cavity to the external envi-
ronment, preferring repeated thoracentesis to trepanatation 
of the rib or an incision in the intercostal space. He consid-
ered the fourth-��h intercostal space the ideal location for 
thoracentesis because of its centrality.

In 1804 John Bell began to describe pneumothorax, even 
though it had not yet been called that. He considered the 
cause to be either thoracic traumas, putrefaction of the 
pleural cavity, or erosion of the lung.24 �e term “pneu-
mothorax” was coined by a student of Laennec, Jean Marc 
Gaspard Itard, who in 1803 described �ve cases of tuber-
culosis with air in the pleural cavity, even though he did 
not know of the existence of the spontaneous variant.25 �e 
latter form was described by his mentor: “Aeriform �uid can 
be exhaled in the pleura without visible alterations in the 
membrane. I have twice seen an abundant simple pneumo-
thorax accompanied by such dryness of the pleura that the 
membrane resembled parchment”.23

A�er Laennec diagnosis became more accurate, the 
identi�cation of suspected pleurisy could be made earlier. 
In 1828 Piorry introduced indirect percussion and in 1843 
Damoiseau, and later Ellis in 1874, identi�ed the semiellipti-
cal curve, which is highest in the axilla, to de�ne the limit of 
an e�usion. Garland in 1874 described a paravertebral tri-
angular area of relative resonance in the lower back between 
the spine and Damoiseau line found in the same side as an 
e�usion. In 1902 Grocco detected a triangular area of dull-
ness at the base of the chest near the spinal column on the 
side opposite a pleural e�usion (Grocco’s triangle) due to 
mediastinal shi� caused by the e�usion.

William Stokes (1804–1878), known for the eponymous 
“periodic breathing” (Cheyne–Stokes respiration) and 
for atrioventricular block, described 20 cases of pleurisy 
treated successfully. He thought the results of thoracentesis 
were o�en not encouraging because it took place too late; 
he described contraindications in the presence of a �stula 
and considered that pleurisy was o�en caused by tubercu-
losis. Perhaps he was also the �rst to create a unidirectional 
valve. He proposed a higher position for the drain to facili-
tate spontaneous out�ow of the liquid and prevent possible 
lesions to the diaphragm if entry was too low.26

Henry Bowditch (1808–1892) was an internist and physi-
ologist from Boston who in 1852 published the results of 
paracentesis of the thorax in 65 cases. �e treatment was 

used in the initial phases of exudate, based on clinical evi-
dence of dyspnea and the presence of liquid, which was 
examined under a microscope, and in his opinion thoracen-
tesis should not have been considered an extreme interven-
tion but a simple remedy.27 �is view was also held by his 
contemporary, Armand Trousseau (1801–1867), a French 
internist: “I do not believe that I invented thoracentesis, in 
the same way that I did not invent the instruments to per-
form it, but I do think I am among the �rst to recommend 
its application in cases of excessive liquid in the thorax.” He 
thought thoracentesis simple and that it could brilliantly 
resolve many clinical cases, even if o�en performed late, 
and that the introduction of air did not cause damage even 
if the pleura was in�amed.28

�e physiology of pleura also became better understood. 
In 1863, Recklinghausen published an important study on 
the mesothelial stomata.29 Carl Ludwig �rst made graphic 
recordings of intrapleural pressure in 1847 by the use of a 
water-�lled balloon placed in the pleural space and in 1900 
Aron reported the �rst measurement of intrapleural pres-
sure in a healthy human.30 C. West proposed the hypothesis 
that the interface between the parietal wall and the lungs 
is separated by the pleurae.30 Ernest Starling  produced 
the  equation which regulates hydrostatic and oncotic 
forces in 1895.31 In 1870 Wagner gave the �rst anatomical– 
pathological description of a primitive pleural tumor and 
in 1882 Ehrlich realized the possibility of identifying car-
cinoma cells in pleural liquid, describing the characteristic 
rosette-shaped aggregation.32

THORACOSCOPY

�e �rst “in vivo” observation of the pleura was undoubtedly 
carried out by an Irish doctor, Richard Francis Cruise from 
Dublin, one of the most famous endoscopists of the nine-
teenth century.33 Working with Samuel Gordon he intro-
duced a binocular cystoscope through a pleurocutaneous 
�stula and examined the pleural cavity of a child su�ering 
from chronic empyema. Gordon reported the description of 
this examination (Figure 1.4), writing, “… we saw the pleura 
it presented more or less a granular surface …”34

�is initiative remained isolated, as it would be more 
than 40 years before pleural endoscopy was mentioned 
again, when Hans Christian Jacobaeus (Figure 1.5), a 
Swedish internist, published “On the possibility of using 
a cistoscope to examine the serous cavity,” dedicated to 
laparoscopy and thoracoscopy. He used a rigid cistoscope 
of Nitze n. 14 (14 Charrières = 4.6 mms), provided with a 
unidirectional automatic valve that prevented escapes of 
air both from the abdominal hollow and the thorax. �e 
instrument had an overall diameter of 17 Chs. (5.6 mms) 
including the trocar with side vision to 90°, 22 cm long, and 
with a lamp at the end.

In the part dealing with the thorax, Jacobaeus says: “In 
exudative pleurisy it is possible to reach the pleura without 
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injuring the lung. Recently a treatment has been developed, 
in which the exudate is replaced by insu�ated air. �e 
quantity of air apparently small (half a liter) is certainly suf-
�cient to perform a thoracoscopy. In two cases of exudative 
pleurisy I carried out an insu�ation and a�erwards I exam-
ined the pleura. �e two cases demonstrate that the method 
has vast potential.”35

�e �rst real diagnostic applications were described in 
1911 with 27 cases and a description of a normal pleural 
cavity and the pathological alterations in 15 cases of exuda-
tive pleurisy, 3 of empyema, and 9 of pneumothorax.

In 1913 Jacobaeus carried out the �rst attempt to free 
pleural adhesions, and in 1916 published a description of 

the technique, which became known as “Jacobaeus opera-
tion”: thoracoscopic lysis of adhesions to obtain therapeutic 
pneumothorax (pleurolysis).36

�e method achieved fruition with Felix Cova, “the 
Paganini of the thoracoscope,” who in 1928 published his 
Atlas Thoracoscopicon (Figure 1.5), with the principal endo-
scopic illustrations of pleural disease (Figure 1.6), written in 
Italian, German, and English. �is was the �rst systematic 
work on the subject, demonstrating its di�usion and reli-
ability for habitual use.37

�e 1940s saw the introduction of antibiotics and the 
�rst attempts to wash the pleural cavity with sulfonamides, 
Nicholson (1938) and Burford (1942), with penicillin, Keefer 
(1943), and also with �brinolythics, Tillet (1949).

In 1935 a Canadian thoracic surgeon by the name of 
Norman Bethune published an article (Figure 1.7) entitled 

Figure 1.5 Photograph of Jacobaeus in 1931 (kindly 
donated by his daughter Kerstin Tamm).

Figure 1.6 The cover of 1928 Atlas Thoracoscopicon 
(Thoracoscopy Atlas) of Felix Cova.

Figure 1.7 Illustration of neoplastic nodules on the lung 
surface taken from Atlas Thoracoscopicon.

Figure 1.4 Samuel Gordon article on “Examination of 
Interior of Pleura by the Endoscope.”
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“Pleural poudrage: A new technique for the deliberate pro-
duction of pleural adhesions as a preliminary lobectomy” 
(Figure 1.8).38 “Prepare iodized talc, using a �ne commercial 
talc powder. Sterilize in autoclave. Under local anesthetic, 
insert the thoracoscopic cannula with an air-tight valve in 
the sixth or seventh space scapular line. Inspect the pleura. 
Take out the thoracoscope and insert through the same 
cannula the author’s return-air powder blower. Give half a 
dozen pu�s, then insert the thoracoscope again and inspect. 
Repeat as o�en as necessary to cover the surface of the lobe. 
When the lung is covered so as to resemble a cake sprinkled 
with confectioners’ sugar, detach the blower and completely 
aspirate the air.”38

In 1937 Sattler studied pneumothorax endoscopically 
(Figure 1.9) and stated that the origin of the disease was 
connected with the spontaneous rupture of emphysematous 
bubbles.39

In 1939 Sergent and Kourilsky published “Contribution 
a l’étude de l’endothéliome pleural, image radiologique e 
pleuroscopique,” which described the �rst case of mesothe-
lioma to be investigated endoscopically in a patient with a 
history of repeated thoracentesis, parietal thoracic tume-
faction, and radiological con�rmation of parietal pleural 
thickening.40

 OTHER DIAGNOSTIC AND THERAPEUTIC 
PROCEDURES

For hundreds of years empyema was treated using open 
drainage. In the middle of the nineteenth century, the �rst 
attempts were made to create a water seal drainage system. 
Trousseau was the �rst to develop one in 1850, and the dis-
tal end was submerged in the �uid drained. In 1867, Hiller 
applied underwater seal drainage for children. However, the 
pioneers responsible for the widespread use of underwater 
seal drainage systems were certainly Playfair, who in 1872 
introduced the water seal; Hewett, who in 1876 included the 
use of continuous chest drainage with a water-sealed closed 
system in the treatment of patients with empyemas; and 
especially Bülau, a German internist, who used the closed 
water seal drainage for empyema as early as 1875 and pub-
lished his technique in 1891.41

�e drainage system consisted of a cannula, introduced 
into the thorax via a trocar, the distal end of which was 
immersed in a bottle containing sodium and potassium 
permanganate (as an antiseptic). Pleural �uid could be 
drained slowly through the cannula and the force of aspi-
ration could be increased by gradually lowering the bottle.

Gotthard Bülau, still today regarded as the leading 
pioneer of the water valve, described the application thus: 
“I  have always believed that the principal advantage of 
siphon-drainage is that it lowers the pressure within the 
pleural space, thereby bringing about reexpansion of the 
lung. �e drain can function as a valve, allowing escape 
of pus and the air which has entered during the operation, 
while preventing entry of air. With each forcible expiration 
against a closed glottis, the air in the opposite (healthy) 
lung is forced into the partially collapsed one. With the 
next inspiration the valve closes, the lungs can expand, the 
expansion is maintained.”41

Another innovative concept was that introduced in 1877 
by the Finn J.A. Estlander, who was the �rst to understand 
the bene�cial e�ects on the lung of collapsing the thoracic 
wall in the treatment of chronic empyema. He designed the 
thoracoplasty which, with numerous variations, would be 
used until the 1950s for the treatment of suppurative lung 
diseases.42 �is procedure was further developed by the 
Swiss surgeon Edouard de Cérenville (1843–1915), who in 
1885 widened its application to the tuberculous cavities, 
abscesses, and suppurative infarcts, and proposed the total 
resection of one or more ribs.43

In 1893 the French surgeon Edmond Delorme performed 
the �rst decortication on a young French soldier su�er-
ing from tuberculous empyema and removed the visceral 
pleura to reexpand the lungs.44

In 1918 the world was ravaged by Spanish in�uenza, a 
terrible scourge which killed 20 million people worldwide. 
�e disease was o�en complicated by the development of 
a pleural empyema, which led to attempts to apply various 
techniques for therapeutic purposes. Within a short time 
the United States initiated a commission for the study of 

Figure 1.8 Norman Bethune original article on “Pleural 
poudrage: A new technique for deliberate production of 
pleural adhesions as a preliminary to lobectomy.”

Figure 1.9 Sattler’s illustration of the endoscopic aspect 
of the rupture of a lung emphysematous bulla (arrow).
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empyema, and a brilliant young surgeon, Evarts Graham 
(1883–1957), was put in charge. He subsequently became 
famous for carrying out the �rst pneumonectomy for a 
pulmonary tumor on April 5, 1933. He noted that prema-
ture use of open drainage, in particular in the presence of 
streptococcal infection which produces “liquid” pus, was 
detrimental because it might provoke a mediastinal shi� 
that could be fatal. However, in empyemas in which the 
pus was more viscous and adhesions formed more rapidly, 
open drainage was less dangerous. He also noted that the 
�rst type of infection was more common in soldiers �ght-
ing in World War I, whereas the second was more common 
in civilians. Soldiers were, therefore, always treated with 
closed drainage and a water seal, and within a few months 
the mortality rate dropped from 30% to 4%.45

One further surgical approach to be considered is that of 
Leo Eloesser, who in 1935 developed “skin �ap open drain-
age,” for the treatment of tuberculous empyema. A direct 
passage was made between the pleural cavity and the skin 
to allow open drainage of pus. �e skin was folded back 
around the edges. �is method is still used in a minority of 
cases, which cannot be treated with less invasive methods.46

CONCLUSIONS

�e famous French surgeon Guillaume Dupuytren (1777–
1835) consulted �ve doctors when he felt ill with empyema. 
Having listened to their con�icting diagnoses, he said, “I pre-
fer to die by the hand of God than with the help of a surgeon.”

�is chapter outlined the slow and di�cult journey 
traveled in the development of better management strate-
gies for patients with pleural diseases, especially in estab-
lishing interventions which were both simple and e�ective. 
Removing pathological material from an easily accessible 
(pleural) cavity would appear a simple task in theory. In 
reality, it has taken centuries of research to arrive at our 
current practices.47
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Pleural embryology and gross structure, 
circulation, lymphatics, and nerves

ROB J. HALLIFAX AND NAJIB M. RAHMAN

KEY POINTS

 ● �e thoracic cage is constructed like a vertical cone-shaped bellow, with the diaphragm acting as a pump at the 
most caudal and widest end.

 ● �e pleura is a sealed space inserted between the lung surface and thoracic cage/diaphragm, permitting easy 
movement of the lung during the respiratory cycle.

 ● Mesothelial cells enmesh hyaluronic acid–rich glycoproteins on surface microvilli, resulting in a lubricative pleural 
surface.

 ● Normally a small amount of pleural �uid is present in the pleural space, regulated by hydrostatic–osmotic pressure 
and the pleurolymphatic drainage.

 ● Larger particles, cells, and excess �uid are removed through a system of preformed stomata draining into the 
lymphatic system.

 ● Pleural injury appears to occur o�en, but does not result in clinical manifestation. Mesothelial cells are active in 
constant damage repair and maintain the normal patent pleural space.
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INTRODUCTION

�e precise structure and function of the pleural space is 
not fully understood. �ere is marked interspecies variation 
in the ultrastructure of the pleura; in humans, the pleural 
cavities are separated by the mediastinum, whereas other 
mammals (e.g., mice, American bu�alo) lack complete 
separation between the le� and right pleurae, allowing free 
movement of air and �uid. �e adult elephant is the only 
mammal that does not possess a pleural cavity—a normal 
pleural space is present in utero, but in late gestation the 
parietal pleural is replaced with a dense sheet of connective 
tissue.1 �e pleural space is then obliterated with loose con-
nective tissue, permitting movement of the lung against the 
chest wall. �eories have been advanced as to why the ele-
phant lacks a pleural space,2 but the variations seen between 
mammals in the structure of the pleural cavity is as yet to 
be explained.

In humans, each hemithorax is constructed like a ver-
tical, cone-shaped bellow with the diaphragm as the mov-
ing part at the caudal and widest end, and the trachea and 
nasal structures superiorly creating a narrow outlet/inlet 
and providing protection and functional adaptation for the 
lung. Within the thoracic cage, the lung must be able to both 
move and change volume with the respiratory cycle. During 
inhalation and exhalation, the lung expands and de�ates, 
and this movement requires movement of the lung surface 
against the inner chest wall. To decrease friction, these two 
surfaces are covered by a serous, elastic membrane with 
a smooth lubricating surface called the pleura, the inner 
surface of the thoracic cage being the parietal pleura and 
the outer surface of the lung being covered by the visceral 
pleura.

�e pleural cavity describes the slit-like �uid-�lled space 
between these surfaces. It is thus an entirely sealed cavity 
inserted between the chest wall and lung, maintained at 
10–20 µm across. �is arrangement is crucial to the e�cient 
function of the lung, in a manner analogous to the pericar-
dium and pericardial space to the heart.

EMBRYOLOGY

All body cavities, including the pleural peritoneal and peri-
cardial cavities, are derived from the coelom, the primitive 
body cavity. �e coelom derives from the primitive meso-
derm of the embryo and forms a cavity lined by serous 
membrane before all internal organs develop.

In the human embryo, the primitive mesoderm on both 
sides of the notochord divides �rst into the medial seg-
mented and natural nonsegmented plates. �e le� and right 
medial segmented plates later develop into the skull, verte-
bra, ribs, and the thick muscles of the dorsal (rear) parts of 
the body wall.

In contrast, the lateral nonsegmented plates split into 
the internal splanchnopleure (the precursor of the internal 
organs) and the lateral or external somatopleure (the pre-
cursor of the anterior and lateral body wall), between which 
structures a slit-like cavity is formed. �e paired le� and 
right splanchnopleure and somatopleure with their asso-
ciated cavities extend along the length of the embryo in a 
cephalocaudal direction, and out and over the surface of 
the yolk sacked ventrally or anteriorly. �e fusion of the 
le� and right somatopleure and two cavities ventrally (i.e., 
the fusion and closure of the ventral wall) creates a sealed 
primitive body cavity, an intraembryonic coelom, in the 
seventh week of gestation.3 At this early stage, the cavity is 
already completely covered by a layer of serous membrane 
with mesothelial cells on the surface.4

With the shrinkage of the yolk sack, the coelom expands. 
�e internal organs move around within the embryo, chang-
ing in size and shape during development. Organs protrude 
as they develop into the body cavities and, as they protrude, 
are enveloped by a layer of serous membrane that covers the 
inner surface of the body cavities. Meanwhile, the coelom 
divides into the pleural and pericardial cavities by the fusion 
of the transverse septum arising from the ventral as well as 
le� and right pleuroperitoneal folds from the dorsal walls. 
When the two pleuroperitoneal folds fuse, the two pleural 
cavities are completely separated from each other and also 
from the pericardial cavity.4 �is arrangement allows �ex-
ibility for the organs to expand, retract, deform, or displace 
each other, as they develop and grow in the limited space of 
the four body cavities.

During development, several structures within the 
thoracic cavity acquire a double layer of parietal pleura. 
In the lower mediastinum, the dorsal and ventral medias-
tinal parietal pleura are pulled into the thoracic cavity as 
the lung develops and form vertical structures from the 
hilum of the lung to the diaphragm, resulting in a pair of 
back-to-back layers of parietal pleura. �ese may persist 
into adulthood and are called the pulmonary ligaments. 
Pulmonary ligaments may divide the pleural space below 
the hilum into anterior and posterior compartments5 and 
may contain large lymphatic vessels. It has been suggested 
that their presence may prevent torsion of the lower lobes. 
During surgery to the lung, incomplete ligation or damage 
to these lymphatic vessels may result in postoperative pleu-
ral e�usion.6

GROSS ANATOMY

To the naked eye, the normal pleural surfaces are smooth, 
wet, and semitransparent. In humans, the le� and right pleu-
ral cavities are entirely separated from one another (by the 
mediastinum) and from the pericardial space. Although the 
visceral and parietal pleura originate from the same serous 
membrane of the coelom, they appear macroscopically 
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di�erent due to di�erent underlying structures and topog-
raphy (see “Regional di�erence”).

�e visceral pleura covers the entire surface of the lung, 
including the interlobular �ssures. �e parietal pleura cov-
ers the inner surface of the entire thoracic cage, including 
the mediastinal surfaces and diaphragm. �e visceral and 
parietal pleura coalesce at the lung hilum, where the major 
airways and pulmonary vessels penetrate. �e area of the 
entire pleural surface has been estimated to be 2000 cm2 in 
an average adult male.

�e visceral pleura adheres tightly to the lung surface 
throughout the thorax. �e parietal pleura is further subdi-
vided into di�erent anatomical regions as follows:

 ● �e costal pleura, lining the inner surface of the ribs 
and intercostal muscles.

 ● �e diaphragmatic pleura, covering the convex surface 
of the diaphragm.

 ● �e cervical pleura, rising into the neck and extending 
above the �rst rib.

 ● �e mediastinal pleura, adherent to the mediastinal 
structures.

PLEURAL CAVITY

�e pleural cavity is a sealed but expandable space that is 
formed between the visceral and parietal pleura.7 �e right 
and le� pleural cavities in humans are completely separate 
from one another and also from the mediastinum and peri-
cardial cavities. �e dome, or cupola, of the pleural cavity 
extends above the �rst rib for 2–3 cm along the medial one-
third of the clavicle behind the sternocleidomastoid mus-
cles. As a result, trauma to the lower neck, procedures such 
as central venous catheter insertion or surgical dissection 
of the lymph nodes, may result in air entry into the pleural 
space, causing a pneumothorax.

Inferiorly, the pleura re�ect at the lower boundary of the 
thoracic cage, but o�en extend beyond the costal margin in 
the right infrasternal region and at the costovertebral angles 
bilaterally. A radiological study has demonstrated that the 
lung lies at or below the level of the twel�h rib anteriorly in 
80% of patients, and in 18% the lung reaches the level of the 
body of the L1 vertebra posteriorly.8

During deep inspiration, the lung �lls the pleural cav-
ity entirely. As the lung de�ates during expiration, the most 
inferior and distal parts of the parietal pleura may come into 
direct contact with one another to form the costophrenic 
recesses. Any increase in the amount of �uid in the pleu-
ral cavity accumulates �rst here. Attempts to aspirate small 
amounts of pleural �uid within this recess, or approaching 
the upper abdominal structures (liver, adrenals, or kidneys) 
posteriorly during medical or surgical procedures, may 
result in damage to the lung and pleura and in iatrogenic 
pneumothorax or hemothorax.8

�e visceral pleura extends into the interlobular space, 
covering each lobe, and therefore each lobe of the lung may 
expand or collapse individually. �e major �ssure of the 
lung extends obliquely downward, posteriorly to anteri-
orly, paralleling the sixth rib. Abnormal divisions of lobes 
and segments are common5 and interlobar �ssures may be 
incompletely or completely separated by septa. �ese altered 
�ssures may appear radiologically as linear shadows and 
occasionally cause “vanishing tumors” when pleural �uid is 
trapped within them, due to conditions in which �uid may 
�uctuate such as heart failure.9 An intercostal tube placed 
through the ��h, sixth, or seventh intercostal space may 
enter the pleural cavity near the major �ssure. If the tube 
enters the �ssure, it could become trapped, resulting in inef-
fective drainage.10

MICROSCOPIC ANATOMY

 LAYERS OF THE PLEURAL MEMBRANE

�e visceral and parietal pleura in humans are approxi-
mately 40 µm across. By light microscopy, the pleura is gen-
erally divided into �ve layers (see Figure 2.1), consisting of a 
single cellular layer and four subcellular layers. Proceeding 
from the pleural surface, the layers are as follows:

 1. A single layer of mesothelial cells.
 2. A thin subendothelial connective tissue layer, including 

a basal lamina.
 3. A thin super�cial and elastic layer (o�en merged with 

the second layer).
 4. A loose connective tissue layer (contains nerves, blood 

vessels, lymphatics).
 5. A deep �broelastic layer (o�en fused to underlying 

tissue).

�e thickness of each layer is variable between species 
and displays variation between regions in the pleural space 
in humans5,11–15 (see “Regional di�erence”).

�e thickness and boundaries of the super�cial connec-
tive and elastic �ber layers (i.e., the second and third layers) 
are usually imprecise. �e loose fourth connective tissue 
layer contains adipose tissue, �broblasts, mast cells and 
other mononuclear cells, blood vessels, nerves, and lymphat-
ics, and o�en serves as the cleavage plane at pleurectomy. 
�e ��h deep �broelastic layer o�en adheres tightly to, or is 
fused with, the underlying tissue (i.e., lung parenchyma for 
the visceral pleura and mediastinum, diaphragm, ribs, or 
intercostal muscles for the parietal pleura). �e �broelastic 
layer is highly variable, depending on its position within the 
pleural cavity. �e overall amount, proportion, and integra-
tion of the �broelastic meshwork are directly proportional 
to the extent of pleural excursion during the respiratory 
cycle.13
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MESOTHELIAL CELLS

A single layer of mesothelial cells covers the surface of both 
the parietal and visceral pleura. Although there are mor-
phological di�erences in mesothelial cells found in di�er-
ent areas,16 no signi�cant di�erences have been identi�ed 
between mesothelial cells found in the visceral or parietal 
pleura, or between cells found in the peritoneal, pericardial, 
and pleural cavities.

Human mesothelial cells range in size from 16.4 ± 6.8 to 
41.9 ± 9.5 µm in diameter, and from less than 1 to greater 
than 4 µm thick.11,14 �e mesothelial cell may, therefore, 
appear �attened, similar to endothelial cells, or more cuboi-
dal, similar to epithelial cells.16 �e shape and size of the 
mesothelial cells o�en re�ect the substructure of the pleura 
(see “Regional di�erence”) or the functional status of the 
cells (see “Resting and reactive mesothelial cell”).

Each mesothelial cell is covered with a bushy surface of 
microvilli, best visualized by transmission and scanning 
electron microscopy (Figures 2.2 and 2.3). �e microvillus 
is approximately 0.1 µm in diameter and up to 3 µm or more 
in length. �e microvilli o�en aggregate in clusters and 
appear wavy on transmission electron microscopy.11,14,17–19

�e microvilli are presumed to contribute to formation, 
absorption, and organization of the lubricating surface �lm 
of pleural �uid (see “Microvillus and lubricating mem-
brane”). Under electron microscopy, numerous pinocytic 
vessels are identi�ed within mesothelial cells, implying 
active secretion and absorption processes. Pinocytic vessels 
are o�en associated with microvilli on the cell membrane, 
especially at the pleural surface.17,19

�e mesothelial cell nucleus is ovoid with a prominent 
nucleolus. �e cytoplasm itself can be variable in quan-
tity but always contains at least a moderate amount of 
organelles, including mitochondria, rough and smooth 
endoplasmic reticulum, and dense bodies (Figure 2.2). 
Evidence of metabolic activity is present, with polyribo-
somes, intermediate (prekeratin) �brils, Golgi apparatus, 
and glycogen granules identi�ed20 (see “Resting and reac-
tive mesothelial cell” and “Subclinical alterations and 
repair of the pleura”).

Mesothelial cells are always adherent to one another in 
their apical portion via tight junctions. Intermediate and 
desmosome junctions may be present but are not invari-
able.20 At the basal cellular surface, cells are more loosely 
associated and are o�en overlapped, but not attached to one 
another and are without intercellular junctions. During 
full inspiration, the overlap disappears,20 suggesting that 
the mesothelial cells stretch and their cell bodies slide over 
each other during respiratory movements. �e basal lamina 
is always present beneath the mesothelial cells and beneath 
the overlapped cytoplasmic processes.

�e intramembranous organization of the junctional 
complexes between parietal mesothelial cells is as loose 
as that of the venous endothelium.20–22 �is suggests that 
the parietal mesothelial layer is as fragile and leaky as the 
endothelial layer of a small vein. In contrast, the intramem-
branous organization of the junctional complexes of the 
visceral mesothelial cell displays more complexity than that 
seen in the parietal mesothelial cell, at least in mice.20,22 �is 
�nding suggests that the visceral mesothelial layer is less 
likely to leak or normally subjected to more tensile stretch 
than the parietal layer.

Fat cell

NerveValves

Lymphatic valves

Capillaries

1.  Mesothelial cells
2.  Basal lamina
3.  Super�cial elastic layer

4.  Loose connective tissue layer

5.  Deep �broelastic layer

Alveoli, muscle, or rib

Figure 2.1 A schematic drawing of the pleura. On light microscopy, the pleura is divided into five layers. From the pleural 
surface, the layers are the following: first, a single layer of mesothelial cells; second, a thin submesothelial connective 
tissue layer, including a basal lamina; third, a thin superficial elastic layer; fourth, a loose connective tissue layer; and fifth, 
a deep fibroelastic layer. The thickness of each layer is markedly varied between species and between regions within the 
same individual.
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 MICROVILLUS AND LUBRICATING 
MEMBRANE

Microvilli are present di�usely over the entire pleural sur-
face, on both parietal and visceral pleura. Each individual 
microvillus is oriented perpendicular to and projecting out 
from the cell surface, slightly twisting and interwoven with 
each other13 (Figures 2.2 and 2.3).

�e density of the carpet of microvilli varies according to 
position within the thoracic cavity, ranging from only a few 
to more than 600 per 100 µm2, with an average of 300 per 
100 µm2.11,14,18,19 A higher density of microvilli (in associa-
tion with abundant hyaluronic acid) is found in the most 
actively moving parts of the lung, i.e., the lower thoracic 
cavity,11,13,14 where the contraction and relaxation of the dia-
phragm and expansion and retraction of the lung is highest. 
A higher density of microvilli is also found in the visceral 
rather than the parietal pleura at any given level.11,13,14 �e 
lowest density of microvilli is found on the inner surface of 
the ribs. Animal studies suggest that the microvilli carpet 
develops over the �rst few months of life and subsequently 
changes and decays with increasing age.23

�e function of microvilli is not completely clear. �e 
cell surface area of the mesothelial cell layer is substan-
tially increased by the presence of microvilli, and it is 
presumed that this also increases the cell membrane–
dependent functions, such as that of a variety of receptors, 
ligands, and enzyme productions such as metalloprotein-
ases. Microvilli are associated with pinocytototic vessels, 
implying an important role in transcellular transport.24 
Given the apparent relationship between microvilli density 
and degree of movement of the lung, it seems likely that 
the microvilli’s role in enmeshing glycoproteins rich in 
hyaluronic acid to lubricate the pleural surface and lessen 
friction between the lung and thorax is a key part of their 
function.11,19 Hyaluronic acid is secreted by the mesothelial 
cell and also by mesenchymal cells in the submesothelial 
interstitial tissue.

BLOOD SUPPLY OF THE PLEURA

 BLOOD SUPPLY OF THE PARIETAL PLEURA

�e parietal pleura is richly supplied with arterial blood, 
derived from multiple branches of adjacent systemic arter-
ies according to region5,15,25:

 ● �e costal pleura, supplied by the intercostal and inter-
nal mammary arteries.

 ● �e mediastinal pleura, from the bronchial, upper 
diaphragmatic, internal mammary, and mediastinal 
arteries.

 ● �e cervical pleura, from the subclavian arteries and 
their collaterals.

 ● �e diaphragmatic pleura, from the superior phrenic 
branches of internal mammary arteries, the posterior 
mediastinal arteries from the thoracic aorta, and the 
inferior phrenic arteries of the abdominal aorta.

�e venous drainage of the parietal pleura follows its 
arterial supply, with the majority eventually draining into 
the azygos vein and subsequently the superior vena cava. 

Figure 2.3 Microvilli are abundant, twisting, and 
interwoven over the mesothelial cells in the lower thoracic 
wall. Rabbit parietal pleura, scanning electron microscopy, 
×9375.

Figure 2.2 Surface microvilli on a mesothelial cell (rab-
bits visceral pleura, transmission electron microscopy, 
×16,669). The microvillus is approximately 0.1 mm diam-
eter and up to 3 mm or more in length. Many microvilli are 
often aggregated with each other and appear wavy (m). 
The cytoplasm of the mesothelial cell contains a moderate 
amount of organelles. A basal lamina is present beneath 
the cell (arrow). (From Wang, NS, Mesothelial cells in 
situ. In: Chretien J, Bignon J, Hirsch H, eds, The Pleura in 
Health and Disease, New York: Marcel Dekker; 1985: 
23–42. With permission.)



18 Pleural embryology and gross structure, circulation, lymphatics, and nerves

Venous blood derived from the diaphragm drains either 
caudally into the inferior vena cava through the infe-
rior phrenic veins or cranially into the superior vena cava 
through the superior phrenic veins, which run parallel with 
the internal mammary artery and thence into the brachio-
chepalic trunk.

 BLOOD SUPPLY OF THE VISCERAL PLEURA

�e arterial blood supply of the visceral pleura in humans 
is debated. Animals with thick pleura (such as horses, pigs, 
or sheep) derive their arterial blood supply for the visceral 
pleura from the bronchial arteries. Animals with thin pleura 
(such as mice, rats, and rabbits) tend to derive visceral pleu-
ral blood supply from the pulmonary circulation. Albertine 
et al.14 have demonstrated that in young adult sheep, the 
bronchial artery supplies the visceral pleura completely and 
exclusively.

Humans have thick visceral pleura and therefore it is 
expected that the bronchial circulation should supply the 
human visceral pleura. However, this has not been clearly 
demonstrated.26 �ere is agreement that the bronchial artery 
supplies most of the pleura facing the mediastinum, the 
pleura covering the interlobular surfaces, and a part of the 
diaphragmatic surface. �e blood supply for the remaining 
visceral pleura (i.e., the entire convex costal lung surface,  
including the apex and the greater part of the diaphrag-
matic surface) is less certain.27 It has been suggested that 
these parts of the visceral pleura are supplied by pulmonary 
arteries, which arise beneath the pleura from the pulmo-
nary circulation.5 Using techniques to delineate pulmonary 
and bronchial vessels, Milne and Pistolesi28 concluded that 
the visceral pleural circulation is derived from and con-
tinuous with the pulmonary circulation. However, disagree-
ment continues about the blood supply of visceral pleura in 
humans (see “Shunting and pathological changes with age”).

�e majority of the venous drainage of the visceral 
pleura is through the pulmonary veins, except for a small 
area around the hilum where the pleural veins drain into 
the bronchial veins.

 SHUNTING AND PATHOLOGICAL 
CHANGES WITH AGE

Shunts between the systemic and pulmonary arteries are 
known to exist in human lung, normally accounting for less 
than 5% of the circulation, but increasing with age and any 
chronic lung disease.5 In aged human lungs, the bronchial 
arteries in the visceral pleura, especially those far from the 
hilum, are o�en sclerotic and obliterated (personal observa-
tion). It is, therefore, likely that the pulmonary circulation 
compensates for that part of the pleura, which is deprived 
of the original bronchial blood supply. �is phenomenon is 
most apparent in bullae of the lung.

Within the aged lung, and in association with many 
chronic lung and pleural diseases, the bronchial arter-
ies proliferate around the airway and in the interlobular 

septum. Bronchial artery proliferation may be seen within 
the pleura in in�ammation and �brosis, and systemic arter-
ies may invade into the visceral pleura from the parietal site, 
especially when adhesions between the lung and the chest 
wall develop.

INNERVATION

�e costal parietal pleura and the peripheral part of the 
diaphragm are innervated by somatic intercostal nerves15,25; 
thus, pain felt in these areas is referred to the adjacent chest 
wall. �e central portion of the diaphragm is innervated by 
the phrenic nerve, resulting in referred pain to the ipsilat-
eral shoulder tip during central diaphragm irritation.

�e visceral pleura is extensively innervated by pulmo-
nary branches of the vagus nerve and sympathetic trunk. 
However, the visceral pleural contains no pain �bers, in 
contrast to the parietal pleura, and this is of clinical rele-
vance. �e presence of pleuritic chest pain therefore usually 
indicates involvement of the parietal pleural in the disease 
process.

CONTENTS OF THE PLEURAL SPACE

�e volume and characteristics of liquid in the pleural space 
are determined by a complex dynamic balance between 
production and absorption, involving the pulmonary and 
systemic circulation, the lymphatic drainage, the mechani-
cal movement of the thoracic cage, and the movement of 
the heart.6

�e volume of pleural �uid in health is small. 
Experiments in rabbits have demonstrated a total pleural 
�uid concept of 0.2 mL, and previous data have suggested 
that the normal human pleural �uid volume is less than 
1 mL.29 In a subsequent study, the volume of pleural �uid 
collected from a single pleural cavity was 0.98 mls in the 
rabbit and 2.35 mL in the dog.30 Noppen et al.31, using an 
interesting pleural lavage technique, estimated the mean 
pleural �uid volume in healthy human subjects undergo-
ing medical thoracoscopy and found the mean pleural �uid 
volume in the right pleural cavity of healthy humans to be 
8 mL.31 �e amount of pleural �uid may be related to physi-
cal excursion of the chest, with Yamada29 demonstrating an 
increase in the volume of pleural �uid in military recruits 
a�er exercise.

�e small volume of pleural �uid forms a thin layer of 
�lm between the visceral and parietal pleura, at least 10 µm 
in thickness.32,33 �is prevents contact between the visceral 
and parietal pleura throughout their surfaces, providing 
the required lubrication. In support of this, experiments in 
sheep have demonstrated no direct contact between the vis-
ceral and parietal pleura,34 suggesting that the pleural space 
is a real rather than a potential space.
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Normal pleural �uid contains 1–2 g of protein per 100 mL, 
a �gure similar to the concentration detected in the inter-
stitial �uid of both animals and humans.29,35 However,  the 
concentration of large molecular weight proteins (e.g., lac-
tate dehydrogenase, molecular weight 134,000 Da) in pleural 
�uid is less than half that of serum, implying some regu- 
 lation  of molecular passage into the pleural cavity. �ere 
are 1400 to 4500 cells/µL of pleural �uid in animals or 
humans,29,30,35 made up largely of macrophages with a few 
leukocytes and red blood cells, again implying a restriction to 
cellular  passage into the pleural cavity. (For further descrip-
tion of normal pleural �uid composition, see Chapter 4.)

 TRANSPORT ACROSS THE 
MESOTHELIAL CELL AND PLEURA

Pleural �uid is produced by the parietal pleura, originat-
ing from the systemic circulation, and production occurs 
mostly in the less-dependent region of the pleural cavity, 
where blood vessels are closest to the mesothelial surface. 
Reabsorption of pleural �uid occurs mainly through lym-
phatic drainage in the most-dependent part of the pleural 
cavity, and again occurs exclusively on the parietal pleural 
side. Drainage occurs from the parietal thoracic, medias-
tinal, and diaphragmatic surfaces (see “Pleurolymphatic 
communication”).36,37

Fluid �lters out of parietal pleural capillaries and into  
the pleural space (or vice versa) according to the net 
 hydrostatic–oncotic pressure gradient.37 As �uid in the pleu-
ral space actively alters transpleural forces in respiration, 
optimal volume and thickness are closely maintained.37,38

Water and molecules less than 4 nm in size can freely 
pass between mesothelial cells. A number of studies suggest 
that transcytoplasmic transport is active within mesothelial 
cells: intrapleural injections of hypotonic and hypertonic 
�uids have been demonstrated to induce an increase in the 
number and size of pinocytototic and cytoplasmic vesicles 
within mesothelial cells.39 Injection of larger particles, for 
example, ferritin (11 nm), carbon (20–50 nm), and polysty-
rene (up to 1000 nm) also result in the appearance of these 
substances within cytoplasmic vesicles.40 Smaller particles 
are  subsequently identi�ed within the mesenchymal cells of 
the pleural wall.20

Movement of �uid in between the pleural space and the 
alveolar or pulmonary interstitium is restricted by the pres-
ence of tight junctions between visceral mesothelial cells, 
as previously described (see “Mesothelial cells”). In disease 
states, such as congestive cardiac failure or adult respiratory 
distress syndrome, the endothelial and mesothelial barriers 
are damaged, permitting excessive alveolar and pulmonary 
interstitial �uid movement into the pleural space. In this 
context, the pleural space is considered as one of the main 
important exits for lung edema �uid.38

�e pathway for the removal of larger particles from 
the pleural space is not clear. Particles greater in size than 

1000  nm are engulfed by mesothelial cells but are not 
transported across the basal lamina.20 E�ective removal 
of large particles or cells through the pleura is therefore 
unlikely, unless the basal lamina plus or minus deeper lay-
ers of the pleura have been damaged. However, the intra-
pleural injection of labeled red blood cells results in their 
appearance in the systemic circulation intact,41,42 and large 
molecular weight proteins are absorbed rapidly through the 
pleural lymphatics.42 �erefore, communication between 
the pleural cavity and the circulation system must exist, 
which are larger and faster than the cytoplasmic route (see 
“Pleurolymphatic communication”).

LYMPHATICS

�e lymphatics within the lung are divided into two sys-
tems: the super�cial or pleural plexus, localized in the sub-
pleural connective tissue layer of the visceral pleura, and 
the deep plexus, located in the bronchovascular bundles. 
�e deep plexus includes peribronchial, peripulmonary 
vascular, and interlobular septum or connectivity tissue. 
Communications between the two plexuses exist only at the 
junction of the pleura and the interlobular septum.5,15

 LYMPHATIC CIRCULATION OF THE 
VISCERAL PLEURA

�e super�cial lymphatic plexus of the visceral pleura is 
composed of a network of lymphatic capillaries and col-
lecting lymphatic vessels. Larger collecting lymphatic ves-
sels are arranged mainly along the margin of the pleural 
bases of the respiratory lobules, forming a polyhedral and 
widely meshed network. �ere are smaller, blind ending 
side branches and capillaries, unevenly distributed capil-
laries from this meshed network.27 �ere are an increased 
number of lymphatic vessels in the dependent parts of the 
lung, associated with higher intravascular pressures.

Lymphatic �ow may occur in any direction, governed 
by the pressure gradient. However, the larger visceral lym-
phatic vessels contain one-way valves, directing �ow of 
lymph toward the hilar regions of either the lung. All lymph 
from the visceral pleura therefore reaches the lung root, 
through the lymphatic vessels of either the lobular and lobar 
lung septae, all by �owing along visceral pleural surface to 
the lung hilum. �e majority of large and small lymphatic 
vessels within the visceral pleura are located more closely to 
the alveolar than the pleural cavity side, and therefore most 
lymph drains into the vessels in the lobular septum.

 LYMPHATIC CIRCULATION OF THE 
PARIETAL PLEURA

�e lymphatic system of the parietal pleura is more exten-
sive, more complex, and less restricted in direction and 
passage of �ow than the visceral lymphatic system, mir-
roring the arterial and venous supply. �e drainage varies 
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according to region. In the costal parietal pleura, lymphatic 
plexuses are con�ned to intercostal spaces and are absent 
or minimal over the inner surface of the ribs.27 Lymph col-
lected in the costal pleura drains ventrally toward nodes in 
the internal mammary nodes or dorsally toward the inter-
costal lymph nodes near the heads of the ribs. �e lym-
phatic vessels of the mediastinal pleura are seen in areas 
with abundant fatty tissue, and the lymph collected drain-
ing to the tracheobronchial and mediastinal nodes. In more  
caudal areas, the mediastinal lymphatics are o�en associated 
with the Kapmeier’s foci (see “�e Kapmeier’s foci”). Lymphatic 
vessels from the diaphragmatic pleura drain into paraster-
nal, middle phrenic, and posteriorly mediastinal nodes.

�e parietal lymphatics are thought to play a key role in 
the formation and removal of pleural �uid. In normal and 
pathological states, the e�ective removal of �uid, cells, and 
cellular debris relies on the presence of the pleurolymphatic 
communications (see the following section).

 PLEUROLYMPHATIC COMMUNICATION

Almost 150 years ago, von Recklinghausen43 and 
Dybkowsky44 inferred the presence of connections between 
serous cavities and the lymphatic channels. Demonstration 
of the absorption of red blood cells (8 µm in diameter) from 
the pleural space41,42 argued for the existence of anatomical 
channels many years before morphological con�rmation 
by ultrastructural studies in the 1970s.45–47 �ere is direct 
evidence of transport of macromolecules through this sys-
tem from studies in monkeys.48 �e pleurolymphatic chan-
nel consists of the stomata, membrana cribriformis, lacuna, 
Kapmeier’s foci, and crevices/fenestrae. Although there is 
still some debate as to the degree and importance of this 
communication, each aspect of the channel will be explored.

STOMATA

Ovoid or round openings of 2–6 µm or greater in diameter, 
known as stomata, have been demonstrated on the parietal 
pleural surface of the anterior lower chest wall, mediasti-
num, and diaphragm in rabbits, mice, and sheep (Figures 
2.4 through 2.7).13,20,45–47,49 �e stomata connect the pleural 
cavity with the lacunae (see “Lacuna and lymphatic chan-
nels”), which are dilated lymphatic spaces in the parietal 
pleural wall, that in turn drain into larger collecting lym-
phatic ducts.20 Stomata appear to be unique to the parietal 
(and peritoneal) pleura.

�e stoma may be single and isolated,47 but is more  
o�en found in groups of between 10 and 20.13 Shinohara50 
demonstrated a total of 1000 lymphatic stomata in a sin-
gle thoracic hemisphere of a golden hamster, with around 
85% in the dorsocaudal region and the remaining 15% in 
the ventrocranial region of the thoracic wall.50 Lymphatic 
stomata were demonstrated along the costal margin in 
the ventrocranial region and in the pre- and paravertebral 

fatty tissue in the dorsocaudal region. In this study, no 
 lymphatic  stomata were found on the pleural surface of the 
diaphragm.50

Other studies have demonstrated stomata in the parietal 
and diaphragmatic pleura, and stomata seem to be abun-
dant in the diaphragmatic peritoneum of both humans and 
animals.45–47,49 No study to date has demonstrated stomata 
in the visceral pleura.

Figure 2.4 Two isolated round openings of the preformed 
stomata (p) are shown in the subcostal region of the 
 parietal pleura. Mouse, scanning electron microscopy, 
×1680. (From Wang NS, Morphological data of pleura—
normal conditions. In: Chretien J, Hirsch H, eds, Diseases 
of the Pleura, New York: Masson Publishing USA, Inc; 
1983:10–24. With permission.)

Figure 2.5 A high magnification view of a stoma. 
Mesothelial cells with surface microvilli extend into the 
stoma (arrow). Mouse parietal pleura, intercostal region 
of the lower thoracic wall, scanning electron microscopy, 
×18,060. (From Wang NS, Morphological data of pleura—
normal conditions. In: Chretien J, Hirsch H, eds, Diseases 
of the Pleura, New York: Masson Publishing USA, Inc; 
1983:10–24. With permission.)



Pleurolymphatic communication / Lacuna and lymphatic channels 21

�e process of formation of the pleural stomata is as 
yet unknown. Studies in rats have suggested that parietal 
stomata appear in the �rst few days of life postdelivery.51 
Diaphragmatic peritoneal stomata in rats are formed as a 
result of the breakdown of intercellular junctions in both 
the endothelial and mesothelial cell layers,52 and it seems 
likely that the process in the parietal pleura is similar.

 MEMBRANA CRIBRIFORMIS (THE 
CRIBRIFORM LAMINA)

Beneath the stomal openings, the substructure of the pari-
etal pleura is made of up a loosely knit layer of interweav-
ing connective tissue bundles (Figures 2.6 through 2.8)53,54 
�e membrana cribriformis forms the roof of a dilated 
lymphatic space—the lacuna (see “Lacuna and lymphatic 
channels”). �e pleural surface of this connective tissue 
bundle network is covered with a layer of mesothelial cells, 
with the opposite surface covered with a layer of lymphatic 
endothelial cells (Figures 2.6 through 2.8).47 �e membrana 
cribriformis is, therefore, made up of lining cells bridging 
a connective tissue bundle mesh, and it is postulated that 
 stomata are formed when the lining cells on both pleural 
and lymphatic surfaces are disrupted (Figure 2.8).

Similar to the stomal distribution, the membrana crib-
riformis is abundant on the peritoneal diaphragmatic sur-
face55 and has not been documented in the visceral pleura of 
either humans or animals. In rabbits, the membrana cribri-
formis has been measured at 7–60 µm in diameter.56

 LACUNA AND LYMPHATIC CHANNELS

Beneath the stoma and membrana cribriformis is a lacuna, 
which is the terminal dilatation of a lymphatic channel. 
Each lacuna is connected at one end to the pleural cavity by 
a small number of stomata and drains via a lymphatic chan-
nel with checking valves at the other end (Figure 2.6).20,47

Movements of the lung and thoracic cage during respira-
tion alter the rate of removal of particles, cells, and �uid from 
the pleural cavity.39,41,47 During inspiration, the chest wall 
expands and the intercostal spaces widen, resulting in the  

Figure 2.6 A red blood cell present at the stoma of a 
lacuna (arrow). The relatively bulky mesothelial cells on 
the pleural surface and the thin endothelial cell of the 
lymphatic appear to meet at the stoma. The diameters of 
the two large, dark-staining mononuclear cells are larger 
than the narrow opening of the stoma. Rabbit subcostal 
pleura, ×680. (From Wang NS, Am Rev Respir Dis, 111, 
12–20, 1975. With permission.)

Figure 2.7 The covering mesothelial cells are mostly 
broken in the mediastinal pleura of this patient with 
massive pleural effusion, exposing the lamina cribriformis. 
The stomata between the collagen bundles are quite 
variable in size, as is the thickness of the collagen 
bundles. Rupture of the thin bundle (arrow) may change 
the adjacent stomata into much larger fenestrae. 
Scanning electron microscopy, ×8250. (From Wang NS, 
Morphological data of pleura—normal conditions. In: 
Chretien J, Hirsch H, eds., Diseases of the Pleura. New 
York: Masson Publishing USA, Inc; 1983:10–24. With 
permission.)

Figure 2.8 Mesothelial cells (m) with microvilli and 
lymphatic endothelial cells are in the process of disruption, 
or formation of stomata or fenestrae, on the lamina 
cribriformis. The stretched remnant of a lymphatic 
endothelial cell appears just broken (arrow). Debris of 
foreign particles (d) is present over a lymphatic endothelial 
cell, which is almost intact. Human parietal pleura, ×3105.
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stomata and lacunae being pulled open. Fluid and particles 
enter the lacuna by a combination of the negative pressure 
generated within lacunae and the expanding lung pushing 
on the pleural contents. During expiration, the diameter of 
the stomata decrease as the chest wall contracts, resulting in 
compression of the lacunae and expulsion of �uid, particles, 
and cells into the draining lymphatic channels. Retrograde 
�ow of material within the lymphatic channel is prevented 
during the next inspiratory movement by the presence of 
the lymphatic valves. Stomata and lacunae appear to func-
tion in a similar manner on the peritoneal diaphragmatic 
surface.46,55

KAPMEIER’S FOCI

In 1928, Kapmeier described small milky spots in the dor-
sal and caudal portion of the human mediastinum.57 At 
light microscopy, these foci are made up of modi�ed cuboi-
dal mesothelial cells with stomata and are associated with 
an aggregate of lymphocytes, histiocytes, plasma cells, and 
other mononuclear cells, located around a central lymphatic 
or vascular vessel. �e mesothelial cells have increased cyto-
plasmic mass and granules, suggesting cellular activity (see 
“Resting and reactive mesothelial cell”). Under scanning 
electron microscopy, the foci appear as irregular, elevated 
mound-like structures.20 Similar foci have been identi�ed in 
the thoracic cavity of dogs and in the mesentery of many spe-
cies.58,59 It is postulated that these structures act as local host 
defense mechanisms, similar to the tonsils in the oropharynx 
or Peyer’s patches in the gut. Infectious organisms and nox-
ious particles may bypass these foci and appear via the drain-
ing lymphatic channels in the parasternal lymph nodes.60

CREVICES OR FENESTRAE

Openings much larger than stomata, around 10–50 µm, 
have been documented in the mediastinal pleura of aged 
mice and are called crevices.61 Similar structures have been 
observed in rabbits. �e precise mechanism of their for-
mation is uncertain. However, crevices are only found in 
areas where stomata are normally present, and it is there-
fore postulated that they may be the result of fusion of 
adjacent stomata as a result of breakdown of the collagen 
bundle meshwork, perhaps due to digestive enzyme release 
in pleuritis (Figure  2.8). �is process is analogous to the 
development of pulmonary emphysema,62,63 in which diges-
tive enzyme mediated breakdown of elastic �bers results in 
fusion of the interalveolar pores of Kohn.

 PLEUROLYMPHATIC COMMUNICATION: 
DOES IT EXIST?

Although several animal and human studies have demon-
strated the presence of stomata connecting the pleural cav-
ity with the lymphatics,45–47,49,50 some studies have found 
no evidence of stomata in human pleura.64 �is may be due 
to their paucity, the limited availability of normal human 

tissue for study, or obscuration of the stomata by �brin and 
cellular debris.47,53,65

Stomata are found readily in the peritoneal cavity,46,66 
with one study demonstrating around 250 stomata/mm2 
of diaphragmatic peritoneum.66 In contrast, the  pleural 
diaphragmatic density of stomata is as little as 1 per mm2 
in small mammals47 and sheep.65 �e reason for this   
di�erence is unclear, but may re�ect di�erent demands 
on the pleural and abdominal cavities. �e pleural space 
is sealed from the external environment in health, and 
 relatively little �uid and cellular content requires removal. 
�e peritoneal cavity is likely to require a greater  capacity 
to remove �uid and cellular content, for example as the 
result of ovulation.

Stomata may therefore be relatively unimportant in 
health for the pleural cavity, but be recruited in disease 
states in which pleural �uid and cellular material clearance 
becomes important. In�ammation and chronic pleural 
e�usion appears to easily disrupt the thin mesothelial and 
lymphatic lining cells covering the lamina cribriformis47 
(Figures 2.8), although no cause-and-e�ect relationship has 
been established. Stomata may increase in both size and 
number with age.61

 PLEUROPERITONEAL COMMUNICATION 
AND DIAPHRAGMATIC DEFECTS

�e lymphatic plexuses of the diaphragmatic pleura and 
diaphragmatic peritoneum are separate, with communica-
tions between the two being poorly formed or infrequent in 
health. �is is presumably an adaptation to prevent in�am-
matory or infected �uid from entering the pleural space and 
interfering with respiration.

In disease states, communication becomes more appar-
ent. Although, in health, small diaphragmatic defects prob-
ably exist more o�en than is clinically suspected. Severe 
congenital diaphragmatic defects or anomalies may be fatal 
in utero, but are rare. Acquired defects are thought to arise 
from thinning and eventual separation of collagenous �bers 
within the tendinous part of the diaphragm.

Small diaphragmatic defects can become evident clini-
cally in the context of ascites associated with pleural e�u-
sion, for example, hepatic hydrothorax,67–69 continuous 
ambulatory peritoneal dialysis,70 or Meig’s syndrome. Such 
defects may be demonstrated at thoracoscopy69 by the injec-
tion of air70 or labeled tracer into the peritoneal space with 
subsequent chest radiology, or at autopsy.68

In the absence of diaphragmatic defects, �uid may 
still enter the pleural space from a peritoneal cavity dis-
tended with �uid (or rarely vice versa), through reversal of 
the normal pressure gradient within the lymphatics and 
valve insu�ciency in the thoracic duct and its attributes. 
Peritonitis, or subphrenic abscess, is a recognized cause of 
pleural reaction, whereas lower lobe pneumonia resulting in 
intra-abdominal abscess is rare.
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REGIONAL DIFFERENCE

�ere are substantial morphological di�erences in regions 
of the pleura. �ese di�erences include the mesothelial cell 
characteristics (e.g., size and shape, density of microvilli), 
the pleural substructure, and the number of pleurolym-
phatic communications, including the Kapmeier’s foci.11,13,57

VISCERAL PLEURA

In the apical portion of the hemithorax, the visceral pleura 
is relatively thin with �attened mesothelial cells and sparse 
microvilli, re�ecting paucity of movement in the statically 
expanded upper lung. Beneath the mesothelial cell layer, the 
basal lamina and deeper three layers are o�en di�cult to dis-
tinguish, especially in the apex where the systemic arterial 
supply is replaced by a pulmonary supply (see “Blood supply 
of the visceral pleura”). �is thin pleura is the site of bleb and 
bullae formation previously thought to represent the site of 
rupture resulting in spontaneous pneumothorax. However, 
it is unclear how o�en these lesions are the actual site of air 
leakage. Examination of patients with primary spontaneous 
pneumothorax at thoracoscopy using �uorescein-enhanced 
auto�uorescence demonstrated areas of parenchymal 
 abnormality or “pleural porosity,” which appeared normal 
on plain white light thoracoscopy. �ese do not necessarily 
colocate to areas with blebs and bullae.71 Areas of pleural 
porosity are regions of disrupted mesothelioma cells at the 
visceral pleura replaced by an in�ammatory elasto�brotic 
layer with increased porosity, allowing air leakage.72

In more basal areas where the lung moves and stretches 
more, the visceral pleura is thicker with cuboidal mesothe-
lial cells showing increased microvilli.11,13,14 �e amount of 
collagen and elastic �bers increases within the deeper layers 
toward the lower part of the lung.

PARIETAL PLEURA

Pleura overlying the inner rib surfaces is thin with �attened 
mesothelial cells, sparse microvilli, and thin subcellular lay-
ers. �e dense ��h layer of �broelastic tissue fuses with the 
perichondrium or periosteum of the rib.

In areas of parietal pleura overlying loose substructures, 
for example, the mediastinum, the costophrenic recesses, 
and the subcostal margins, lining mesothelial cells are 
cuboidal and prominent. �e second and third layers are 
well de�ned, whereas the fourth layer is o�en merged with a 
deeper and wider interstitial space, which contains a poorly 
formed or absent ��h layer. �is loose fourth layer o�en 
serves as the cleavage plane in pleurectomy.

�e pleura over the diaphragm and intercostal muscles 
is of moderate thickness, with characteristics somewhere 
between the pleura overlying ribs and the pleura overly-
ing looser structures. �e underlying tissue covered by the 
pleura therefore in�uences the cellular and noncellular 
components of the pleural layers.

Albertine et al. showed that unlike the varied thickness  
and appearance of the visceral pleura, the parietal pleura in 
sheep has a relatively uniform thickness over the chest wall, 
diaphragm, and mediastinum.65 �ere was a signi�cant 
di�erence in the distance from capillary to pleural surface 
between the parietal (10–12 µm) and visceral (18–56 µm,  
depending on region of the lung studied) pleura.65 
Transportation of �uid and large molecules is, therefore, 
anatomically easier through the parietal side.

 RESTING AND REACTIVE 
MESOTHELIAL CELL

Resting mesothelial cells are cuboidal or �attened and their 
enzymes are predominantly those of the anaerobic pentose 
pathway.73 In response to a variety of cytokines or throm-
bin, mesothelial cells become activated or reactive.11,74 �e 
cells become large and cuboidal or columnar in shape, with 
increased microvilli and use the enzymes of the oxidative 
pathway.75 Surface membrane and mitochondrial enzyme 
activity, including 5′-nucleotidase, alkaline phosphatases, 
ATPase, and cytochrome oxidase, is increased. Fibrinolytic 
activity increases and the synthesis of prostacylcins,76 
cytokines, and hyaluronic acid–rich glycoproteins77,78 is 
enhanced. (See also Chapter 3.)

In in�ammation of the pleura, mesothelial cell pro-
liferation is increased as response to a variety of growth 
and proliferation factors. Mesothelial cells from rats pos-
sess receptors for platelet-derived growth factors (PDGFs), 
and human mesothelial cells have been shown in vitro to 
increase growth rate in response to PDGF and transforming 
growth factor-beta.79 In chronic in�ammation, cells in the 
deeper layers of pleura coexpress cytokeratin and vimentin 
immunoreactivity. �is suggests that in addition to prolif-
eration, mesothelial cells migrate deep in to the pleura.80

�e proliferative and invasive response of mesothelial 
cells is nonspeci�c and occurs in response to many stimuli 
and in the subacute phase of lung injury. �e responses may 
persist and progress to �brosis in the presence of persis-
tent pleural irritation, of which asbestos �ber is the clearest 
example.80,81

 SUBCLINICAL ALTERATIONS AND 
REPAIR OF THE PLEURA

Pleural e�usion or pleuritis may occur and regress spon-
taneously without the need for pleural intervention, for 
example, in heart failure, pulmonary infarction, and some 
cases of parapneumonic e�usion. �e course and mecha-
nism of spontaneous resolution in pleural in�ammation is 
not clear.82 Experimental animal studies demonstrate that 
mesothelial cells become reactive, proliferate, and migrate 
in response to injury. �ese changes appear to facilitate the 
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removal of �brin and in�ammatory debris and to allow 
repair of the pleural surface, maintaining the integrity of 
the pleural cavity while preserving drainage.77,83,84 Whether 
the pleura recovers completely or progresses to the develop-
ment of �brosis appears to be related to the degree of dam-
age to the basal lamina.85

Human computed tomography and magnetic resonance 
imaging studies suggest that unsuspected pleural lesions 
are common, especially in smokers.86 Pleural changes have 
been observed in patients with pneumonitis, lung cancer, 
and myocardial ischemia, without clinical or basic radio-
logical evidence of pleural disease.82 It is possible that minor 
damage and subsequent repair occur in the pleura fre-
quently without any clinical manifestation, and in this case, 
the reactive and reparative properties of the mesothelial cell 
are important.
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Mesothelial cells and pleural immunology
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KEY POINTS

 ● �e pleural mesothelium consists of a single-layer of epithelial-like mesothelial cells over a basal lamina, 
supported by submesothelial connective tissue. �e apical surface of mesothelial cells shows heterogeneity from 
numerous randomly oriented long microvilli to relatively few microvilli, and the cytoplasm contains scattered 
microtubules, dispersed micro�laments, and bundled intermediate �laments characteristic of both epithelial and 
mesenchymal cells.

 ● Mesothelial cells play an important role in maintaining pleural homeostasis. Mesothelial cells synthesize and 
actively secrete glycosaminoglycans and surfactant, which lubricate the pleural surface, and regulate local �brin 
turnover through the secretion of both procoagulant and �brinolytic enzymes. �ey provide a barrier against 
invasion from pathogens and are important in in�ammation and immunoregulation. �ey facilitate exchange of 
ions and small molecules across the pleural surface and secrete mediators which are important in tissue repair and 
regulation of tumor dissemination and growth within the pleural cavity.

 ● Mesothelial cells are multipotent cells and a subpopulation may be stem cells.
 ● Cytokines play a crucial role in both normal and pathological states of the pleura.
 ● TNF-α, IL-1, IL-6, and IL-8 have well-established roles in pleural in�ammation.
 ● Intrapleural administration of cytokines with antitumor activities has been used in the management of pleural 

malignancies and in the control of malignant e�usions with mixed results.
 ● Cytokine research is a rapidly expanding area, and is likely to enhance our understanding of the pathophysiology 

of, and provide novel treatment for, various pleural diseases.
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INTRODUCTION

Mesothelial cells are specialized cells that cover the  pleural 
surface as well as other serosal surfaces of most internal 
organs. Mesothelial cells can have di�erent phenotypes 
which are likely to re�ect di�erences in the functions of 

parietal and visceral pleura, as well as their activational 
state, particularly following injury. Mesothelial cells syn-
thesize and secrete glycosaminoglycans and surfactant1 to 
provide lubrication between parietal and visceral pleura 
and play critical roles in the maintenance of pleural homeo-
stasis in response to stimuli: mechanical injury, in�amma-
tion, and immunoregulation. �e main pleural pathologies 
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are infections (tuberculosis [TB], other bacterial, and viral 
 infections), �brosis (adhesions, loculations, and pleural 
plaques), and cancers (e.g., mesothelioma). �is chapter 
summarizes our present knowledge on the biology of meso-
thelial cells, focusing on immune regulation in the pleura 
and highlighting key cytokines that drive in�ammatory and 
immune responses.

 MESOTHELIAL CELL MORPHOLOGY 
AND FUNCTION

�e pleural mesothelium consists of a monolayer of mesothe-
lial cells that rests on a basal lamina supported by submeso-
thelial connective tissue. Mesothelial cells are mesenchymal 
in origin but share many features de�ned in epithelial cells, 
including apical microvilli, a well-developed glycocalyx, junc-
tional complexes, and epithelial cell intermediate �laments, 
or cytokeratins2 (Figure 3.1). �e mesothelium borders the 
pleural space, which is �lled with a small volume of pleural 
�uid: 0.26 ± 0.1 mL/kg in humans. �e �uid contains approx-
imately 1.7 × 103 cells/mL, comprising approximately 75% 
macrophages, 23% lymphocytes, less than 3% polymorpho-
nuclear cells, and approximately 1%–2% free-�oating meso-
thelial cells.4 It has also been suggested from studies of the 
pericardium and peritoneum that a proportion of free-�oat-
ing mesothelial cells are stem-like cells, although this needs to 
be con�rmed.5–7 Ultrastructural studies have demonstrated 
the presence of stomata, openings between mesothelial cells 
on the parietal pleura which connect with the lymphatic sys-
tem. �ey are abundant on the diaphragmatic surface and in 
the mediastinal region. �ese stomata are likely to be impor-
tant for �uid and cell clearance and may be the conduit for 
transport and accumulation of asbestos particles.2

�e mesothelial cell plays many roles important in 
 maintaining serosal homeostasis.2,8 Both pleura and peri-
toneum are sites of defense mechanisms and in�ammatory 
reactions and there are clinico-pathological similarities 
between pleural and peritoneal responses. Studies carried 
out to investigate the role of mesothelial cells in maintaining 
serosal homeostasis have been performed either on pleural 
or peritoneal mesothelial cells. Mesothelial cells synthesize 
and actively secrete glycosaminoglycans and surfactant, 
which lubricate the pleural surface, and regulate local �brin 
turnover through the secretion of both procoagulant and 
�brinolytic enzymes. �ey secrete mediators which stimu-
late the proliferation, di�erentiation, and migration of sur-
rounding cells and are implicated in both the prevention 
and promotion of tumor dissemination and growth within 
serosal cavities. Mesothelial cells also produce reactive 
nitrogen and oxygen species in vitro in response to cyto-
kines, bacterial products, and asbestos,9 and to counteract 
the e�ect of these reactive species, they also contain signi�-
cant quantities of antioxidants.10,11 Importantly, mesothelial 
cells are the �rst line of defense against infectious agents 
invading the pleura and play a critical role in the initiation 
and resolution of in�ammatory and immune responses.

 ROLE OF MESOTHELIAL CELLS IN 
IMMUNE REGULATION OF THE  
PLEURA

INFECTION AND INFLAMMATION

Mesothelial cells are the �rst barrier to any invading organ-
ism or injurious agent and hence are the �rst to initiate 
defense mechanisms. �e luminal face of the mesothelial 

Figure 3.1 Mesothelial cells in situ. (a) Light micrograph of mesothelium: →, mesothelial cells (CT = submesothelial 
connective tissue, ×312). (b) Transmission electron micrograph: ►, microvilli; →, junctions; ▶, basal lamina (×3120). (From 
Jaurand MC, Fleury-Feith J, Mesothelial cells. In: Light RW, Lee YCG, eds. Textbook of Pleural Diseases. 2nd ed. London: 
Arnold Press, 2008.)

(a)

CT

(b)
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cell has a well-developed surface glycocalyx which contains 
sialomucins which repel foreign cells and organisms. �e 
cells are also bathed in serosal �uid which contain immu-
noglobulins, complement, lysozyme, and other proteins 
which aid in killing microorganisms and prevent them 
from adhering to the mesothelial surface.12 Mesothelial 
cells have multiple pattern recognition receptors, which 
recognize carbohydrates and lipopolysaccharides (LPS) on 
the surface of some microbial pathogens and in response, 
release in�ammatory mediators to initiate in�ammation 
and activate immunomodulatory pathways.

�e innate immune system of the mesothelial cell rec-
ognizes pathogen-associated molecular patterns, which  
can then initiate multiple levels of defense mechanisms. Some 
of these surface receptors include Toll-like receptors (TLRs), 
nucleotide-binding oligomerization domain (Nod)-like 
receptors (NLRs) and proteinase-activated receptors (PARs). 
TLRs and NLRs sense microorganisms, including bacte-
ria, fungi, and viruses.13 TLRs mediate their recognition at 
the cell surface or endosomes, whereas NLRs induce innate 
immune responses through cytosolic recognition of anti-
gen. TLRs recruit adaptor molecules MyD88, TIR-associated 
protein (TIRAP)/MyD88-adaptor-like (MAL), TIR-domain-
containing adaptor protein-inducing IFN-β (TRIF)/TIR-
domain-containing molecule 1 (TICAM1), or TRIF-related 
adaptor molecule (TRAM), and the selective use of these 
adaptor molecules explain in part the di�erential responses 
mediated by di�erent TLRs. MyD88 and TRIF are respon-
sible for the activation of distinct signaling pathways, leading 
to the production of proin�ammatory cytokines and type I 
IFNs, respectively.14–16 NLRs also induce the activation of sig-
naling pathways but do so through the adaptor RIPK2.17

Human and mouse mesothelial cells constitutively 
express TLR1-6 mRNA and each of these TLRs recognize 
di�erent antigens. TLR2 recognizes numerous micro-
bial molecules such as gram-positive bacteria, in part by  
heterodimerization with other TLRs such as TLR1 and 
TLR6 as well as unrelated receptors (e.g., Dectin-1). TLR2 
expression is upregulated in response to TLR2-speci�c 
agonists and proin�ammatory cytokines in human 
mesothelial cells15,18,19 and in response to S. epidermidis–
derived cell free supernatant (SES) in an animal model.18 
TLR4 is responsible for gram-negative bacteria-induced 
responses through recognition of LPS and has previ-
ously been shown to be activated in mouse mesothelial 
cells.20 �is study demonstrated an induction of mono-
cyte chemoattractant protein-1 (MCP-1) and macrophage 
in�ammatory protein (MIP)-2 by mesothelial cells a�er 
lipid A stimulation, and this was strictly dependent on 
TLR4-mediated  NFκB   signaling.  Angiotensin  II (Ang II) 
also upregulates TLR4 on rat peritoneal mesothelial cells, 
resulting in enhanced nuclear factor (NF)-κB signaling 
and induction of CD40, TNF-α, and Interleukin-6 (IL-6).21 
CD40 is a costimulatory protein found on antigen present-
ing cells and is required for their activation. Locally pro-
duced Ang II in the peritoneum may have an ampli�ed 
role in LPS-induced peritoneal in�ammation.21 However, 

Colmont and colleagues18 did not see cell surface TLR4 
expression or responses to LPS in human mesothelial cells 
but these cells did respond to �agellin, a TLR5 ligand. 
Human mesothelial cells also express TLR3 and other 
viral receptors RIG-1 and MDA5, which recognize viral 
 double-stranded RNA and are also upregulated following 
stimulation with TNF-α, IL-1β, and interferon (IFN)-γ.22 
TLR3 induces upregulation of matrix metalloproteinase  
(MMP)-9 and TIMP-123 as well as interferon inducible 
 protein 10 (IP-10) in mesothelial cells. IP-10 was also up reg-
ulated by IFN-α, β, and γ.24 Upregulation of early response 
genes by bacterial infection of mesothelial cells may con-
tribute to mesothelial cell apoptosis. For example, S. Aureus 
induces upregulation of the early response genes c-fos and 
c-jun and activator protein 1 (AP-1) and induces proapopto-
sis genes Bad and Bak in primary mouse pleural mesothelial 
cells, and release of cytochrome-c and caspase 3.25

Mouse mesothelial cells express NLRC1 (NOD1) and 
when stimulated induce secretion of the chemokines 
CXCL1 and CCL2 as well as expression of inducible NO 
synthase.16 Alternatively, some NLRs, like NLRP3, detect 
damage associated molecular patterns (DAMPs). DAMPs 
are byproducts of pathogen invasion or sterile cellular dam-
age such as uric acid crystals, reactive oxygen species (ROS), 
or extracellular ATP release. Sensing of DAMPs by NLRP3 
is critical for detection and clearance of pathogens and also 
for protection and repair of tissues during in�ammation.17 
For example, it was reported that NLRP3 in�ammasome is 
activated in mesothelial cells by exposure to asbestos and 
erionite, which induces secretion of IL-1β, IL-6, IL-8, and 
vascular endothelial growth factor (VEGF).26

Protease activated receptor (PAR) 2 is also a transmem-
brane receptor which can induce pleural in�ammation.27 
PAR-2 is activated by tryptase, trypsin, and coagulation 
factor Xa. Activation of PAR-2 stimulates the release of 
cytokines and chemokines, including TNF-α, MIP-2,28 
IL-8, growth-related oncogene-α (GRO-α), IP-10,  MCP-1,  
RANTES,29,30 eotaxin,31 and stromal cell-derived 
 factor-1 (SDF-1),32 and induces neutrophil recruitment.28 
SDF-1  stimulates the growth of B lymphocyte precursors 
(B1a) in vitro, which is potentiated by the action of IL-10 
produced by B1a lymphocytes27. �erefore together, IL-10 
and SDF-1 may account for the selective accumulation of B1 
lymphocytes in body cavities.

LEUKOCYTE MIGRATION

Movement of leukocytes from the circulation to the site 
of in�ammation is facilitated by integrins and adhesion 
molecules on the surface of mesothelial cells, including 
vascular and intercellular adhesion molecule (VCAM-1 
and ICAM-1), cadherins and several types of selectins, and 
α- and β-integrins.29,33,34 Leukocytes express β2 integrins, 
lymphocyte function-associated antigen-1 (LFA-1) (CD11a/
CD18) and Mac-1 (CD11b/CD18), which are counter 
receptors for ICAM-1. Interaction between LFA-1/Mac-1 
and ICAM-1 leads to the transmigration of leukocytes 
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across the mesothelial cell monolayer. In tuberculous 
pleurisy the percentage of ICAM-1 and VCAM-1 positive 
pleural  mesothelial cells is increased. Prestimulation of 
pleural mesothelial cells with anti-ICAM-1 or VCAM-1 
monoclonal antibody signi�cantly inhibits adhesion, 
activation as well  as e�ector regulatory T-cell expansion 
induced by pleural mesothelial cells.35 Interestingly, 
ICAM-1 and VCAM-1 are expressed only on the microvilli 
of mesothelial cells,36 suggesting that leukocytes may crawl 
along the microvilli. ICAM-1 is upregulated following 
activation of CD40 on the mesothelial cell surface,37 which 
also regulates secretion of chemokines from mesothelial 
cells.38 However, mesothelial cells also express PPAR-γ 
and PPAR-γ ligands, which inhibit LPS-induced CD40 and 
ICAM-1 production in these cells.39 In addition, the PPAR-γ 
agonist troglitazone inhibits TNF-α-induced secretion of 
MCP-1 in mesothelial cells,40 synthesis of transforming 
growth factor beta (TGF-β), and extracellular matrix 
(ECM) production by human mesothelial cells.41 �erefore, 
upregulating PPAR-γ on mesothelial cells may be a way of 
blocking pleural in�ammation and �brosis.

�e expression of di�erent adhesion molecules on meso-
thelial cells is also likely to regulate speci�c cell movement. 
For example, integrins α6β1 and α4β1 selectively medi-
ate adhesion and migration of �1 and �2 T-cell subsets 
across human mesothelial cell monolayers,42 respectively. 
Mesothelial cells also express both the proin�ammatory 
and anti-in�ammatory receptors for LTB4, BLT2, and 
PPAR-α, respectively. Parapneumonic pleural e�usions 
highly increase BLT2 expression, and via BLT2 activation, 
increase the adhesion between mesothelial cells and neutro-
phils and expression of ICAM-1 on mesothelial cells.43

We have also shown that clearance of macrophages from 
the peritoneum is controlled through integrin-mediated 
regulation of macrophage–mesothelial cell interactions 
involving very late antigen (VLA)4 and VLA5.44 �is sug-
gests that di�erential integrin expression and selective cell 
recruitment may have signi�cant e�ects on immune regula-
tion and resolution of in�ammation.

CHEMOKINES

Pleural mesothelial cells produce multiple chemokines. IL-8 
is one of the most studied chemokines and its role in pleu-
ral in�ammation is well established. In�ammatory media-
tors such as TNF-α, IL-1β,45–47 asbestos �bers, and infective 
agents48,49 are among a list of known agents that increase 
IL-8 production by mesothelial cells. IL-8 plays an impor-
tant role in neutrophil in�ux and participates in the recruit-
ment of monocytes and lymphocytes from the vasculature 
into the pleural space.50,51 Mesothelial cells secrete more 
IL-8 toward their apical surface, creating a chemotactic gra-
dient to attract neutrophils from the basal side of the meso-
thelium toward the pleural cavity.52 IL-8 concentrations are 
high in tuberculous pleural e�usions and e�usions caused 
by empyema50,53 and in most cases IL-8 levels correlate 
with the neutrophil count.50,53 Antagonizing IL-8 activity 

can e�ectively reduce in�ammatory cell in�ux and pleural 
in�ammation.54

Mesothelial cells also secrete other chemokines, inclu-
ding MIP-1α, CCL1, MCP-1-4, GRO-α/KC, lymphotaxin, 
and RANTES.55 CCL1 (ligand for CCR8) is a product of 
both macrophages and mesothelial cells and following 
in�ammatory stimulation is a potent enhancer of CCR8 
expression. CCR8 gene–de�cient mice or mice treated 
with CCL1-neutralizing antibodies have signi�cantly fewer 
peritoneal adhesions following injury.56

ANTIGEN PRESENTATION

Mesothelial cells can also modulate the immune response 
by presenting antigen to immune cells. Human mesothe-
lial cells express major histocompatibility complex (MHC) 
class II molecules and present tetanus toxoid and C. albi-
cans bodies to peripheral blood mononuclear cells and T 
cells.57 Mesothelial cells stimulated with interferon (IFN) 
γ also induce CD4+ T-cell proliferation in the presence of 
antigen and secrete the T-cell growth factor and activator 
IL-1558 following CD40 activation.37 CD40 is also required 
for IFN-γ-induced RANTES production by mesothelial 
cells, which induces mononuclear cell in�ltration during 
peritonitis.59,60 In tuberculous pleurisy, antigen presenta-
tion by mesothelial cells stimulates CD4+ positive T-cell 
proliferation and �22-cell di�erentiation.61 Furthermore, 
tuberculous pleural e�usion and supernatants of pleu-
ral mesothelial cells promote �9-cell di�erentiation by 
 presenting antigen.62

 IMMUNOMODULATORY CYTOKINES

Mesothelial cells secrete a wide range of mediators which 
help maintain pleural homeostasis. Many of these media-
tors participate in the in�ammatory process and most are 
likely to play signi�cant roles in pleural in�ammation and 
immune regulation. Cytokines are polypeptides with mul-
tiple and overlapping biological functions. �ey do not work 
individually but as an interconnected network that signals 
cells, leading to an orchestrated cascade of events critical 
to the in�ammatory process. �is chapter discusses several 
important in�ammatory cytokines in light of their e�ects 
in pleural health and disease.

PLEURAL EFFUSIONS

A pleural e�usion is de�ned as an excess of pleural �uid 
within the pleural space. Pleural e�usions are most o�en 
secondary to an underlying condition and are o�en caused 
by congestive heart failure, pneumonia, liver cirrhosis, end 
stage renal disease, pulmonary embolism, autoimmune 
conditions, TB, and primary and metastatic cancer. �ese 
�uids can contain resident, in�ammatory, and malignant 
cells, all known to produce a variety of cytokines and che-
mokines. Cytokines can also reach the pleural space from  
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circulation. �e combination of cytokines and chemokines 
present in the �uid may re�ect the underlying condition 
and  participate in the disease process. However, direct evi-
dence of cytokine actions in the pleura is limited and their 
functions are o�en extrapolated from data in other systems.

Vascular hyperpermeability and plasma leakage are 
fundamental to the development of most exudative pleu-
ral e�usions and there is compelling evidence that VEGF 
is a crucial mediator in pleural �uid formation.63 VEGF is 
a vasodilator and a potent inducer of vascular and serosal 
permeability.64 VEGF increases capillary and venular leak-
age by opening endothelial intercellular junctions and by 
inducing fenestrae development in endothelia. VEGF is 
present in signi�cant quantities in pleural e�usions with 
consistently higher levels in exudative compared with tran-
sudative pleural e�usions65,66 and malignant compared with 
benign e�usions.67 Di�erent isoforms of VEGF are involved 
in the evolution of malignant pleural e�usions68 with the 
majority of VEGF believed to originate from local pleural 
production, primarily from mesothelial cells but also from 
in�ammatory and malignant cells.63,65,69 Empyema �uids 
contain high levels of VEGF,66,70 signi�cantly above those 
in uncomplicated parapneumonic e�usions.25 Acidosis71 
and hypoglycemia,72 common biochemical characteristics 
of empyema �uids, are also known to induce VEGF produc-
tion. VEGF is also elevated and correlated with other cyto-
kines such as IL-1β and TNF-α.73,74

Pleural e�usions contain a number of known in�amma-
tory and immune mediators. TNF-α and IL-1β are present 
in pleural e�usions of various causes and are likely to be 
produced by mesothelial cells. �eir levels are signi�cantly 
higher in exudates than in transudates, and in loculated 
rather than in free-�owing pleural e�usions.75 �eir levels in 
pleural �uids likely re�ect the degree of local in�ammation 
with high levels of IL-1β in empyema �uids76 and TNF-α 
in parapneumonic and malignant �uids.77,78 High levels of 
IL-2 and soluble IL-2 receptor (sIL-2R) are present in tuber-
culous and other in�ammatory e�usions, especially rheu-
matoid pleuritis.46,79 sIL-2R is a marker of T-lymphocyte 
activity and e�usion levels of sIL-2R and IFN-γ are possible 
posttreatment markers of pleural thickening.80 When high-
dose intravenous IL-2 is used to treat metastatic diseases, 
vascular leak syndrome (VLS) can occur. VLS is character-
ized by an increase in vascular permeability resulting in 
interstitial edema, anasarca, and, at times, cardiovascular 
or respiratory failure. Pleural e�usions occur as part of the 
generalized vascular hyperpermeability.81

IL-6 is produced by various cell types in pleural e�u-
sions, including resident, in�ammatory, and tumor cells82 
following injury or disease. Surgery stimulates IL-6 produc-
tion in serosal cavities,83 and pleurectomy or extrapleural 
pneumonectomy followed by intraoperative photodynamic 
therapy induces signi�cant increases in serum IL-6.84 High 
levels of pleural �uid IL-6 are also associated with pleural 
TB and changes in IL-6 levels following treatment helps to 
predict residual pleural scarring.85 Elevated pleural IL-6 has 
also been shown following instillation of various mediators 

in experimental animal models86 and in pleural �uid and 
serum of patients with malignancies.87 In disease states, IL-6 
levels are consistently higher in the pleural �uid than in the 
corresponding sera or plasma, suggesting that IL-6 is pro-
duced locally, probably by mesothelial and in�ammatory 
cells.88,89 Pleural �uid IL-6 is also higher in exudative versus 
transudative e�usions, malignant versus benin e�usions, 
and TB pleuritis versus malignant or other parapneumonic 
e�usions.77,88–90 �e concentration of IL-6 is also higher in 
e�usions from mesotheliomas than those from adenocar-
cinomas.91 However, the sensitivity and speci�city of IL-6 
in any of these conditions are inadequate for it to be used 
diagnostically. Interestingly, although pleural e�usion lev-
els of IL-6 re�ect disease states, changes in the serum con-
centration of IL-6 are not so obvious.92 In contrast to IL-6, 
soluble IL-6R (sIL-6R) concentrations are much higher in 
serum than in corresponding pleural �uids in patients with 
malignant or infective pleural e�usions.93,94 sIL-6R levels 
are also low in pleural e�usions when the levels of IL-6 are 
high, which may re�ect a downregulation of sIL-6R expres-
sion in the presence of excessive amounts of IL-6.93

Pleural e�usions also contain all three mammalian 
TGF-β isoforms, with higher levels in exudative and locu-
lated e�usions of malignant, empyema, and tuberculous 
origins, compared with transudative and free-�owing e�u-
sions.65 Like many other cytokines, pleural concentrations 
of TGF-β are usually signi�cantly higher than correspond-
ing serum levels, implying localized production in response 
to stimuli. TGF-β also increases VEGF production by meso-
thelial cells, which increases vascular permeability and 
pleural e�usion formation as previously described.95

CYTOKINE FUNCTIONS

 Tumor necrosis factor alpha and interleukin-1

TNF-α and IL-1 are prominent proin�ammatory media-
tors that promote in�ammatory cell chemotaxis and altered 
resident cell and immune function.45,55,96 TNF-α increases 
ICAM-1 expression on mesothelial cells to which migrat-
ing cells attach97 and IL-1β induces leukocyte adhesion and 
migration across mesothelial monolayers.96 �is is regulated 
by IFN-γ which inhibits the release of basal and TNF-α- or 
IL-1β-induced IL-8 and subsequent polymorphonuclear 
cells migration.98 In addition, IL-1α is released from nec rotic 
cells to trigger secretion of the chemokine CXCL1 and the 
recruitment of neutrophils via IL-1R/MyD88 on neighboring 
mesothelial cells.99 TNF-targeted therapies are increasingly 
being prescribed in the management of a variety of in�am-
matory and autoimmune diseases. In the pleura, blocking 
TNF-α using TNF-α-converting enzyme (TACE) inhibi-
tors and GW3333, a dual TACE and MMP inhibitor, signi�-
cantly inhibited the increase in TNF-α and the associated 
in�ammatory cell in�ux in zymosan-induced pleuritis.100,101 
Steroids and FR167653, a cytokine synthesis inhibitor, also 
inhibited TNF-α and IL-1 production in the pleura and pre-
vented plasma exudation and leukocyte in�ltration.102
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TNF-α also activates neutrophils, monocytes, macro-
phages, and eosinophils and o�en elicits acute-phase reac-
tions characterized by fever and anorexia.103 IL-1 is a strong 
immune adjuvant and contributes to stimulating nonspeci�c 
host responses and promotes wound healing. TNF-α and 
IL-1 also stimulate the production of a wide variety of cyto-
kines and other mediators, including IL-6, IL-8,104 MCP-1, 
RANTES,98 TGF-α,105 VEGF,106 MMP-1, and MMP-3107 by 
mesothelial cells, and mesothelial cells in turn produce TNF-α 
and IL-1 in response to a variety of stimuli.28 Both TNF-α and 
IL-1 have also been shown to stimulate mesothelial cell pro-
liferation,75,108 although it has also been reported that TNF-α 
causes mesothelial cell cycle arrest in the G0/G1.75

TNF-α has also been implicated in pleural �brosis. It 
stimulates �broblast proliferation and collagen produc-
tion,109 induces epithelial to mesenchymal transformation 
(EMT) of mesothelial cells,110 and regulates mesothelial cell 
production of plasminogen activator inhibitor (PAI)-1 and 
tissue-type plasminogen activator (tPA).111 Pleural �brosis 
occurs more commonly in tuberculous pleuritis patients 
with higher pleural �uid TNF-α112 and IL-1 levels,76 and 
anti-TNF-α antibodies block talc pleurodesis in an ani-
mal model.113 Polymorphisms of TNF-α have recently been 
associated with silicosis114 and asbestosis.115

TNF-α may also play an important role in asbestos-
induced malignant transformation of mesothelial cells in 
the development of malignant mesothelioma. Treatment of 
mesothelial cells with TNF-α signi�cantly reduces asbes-
tos cytotoxicity via activation of NF-κB, allowing more 
asbestos-damaged mesothelial cells to survive and undergo 
malignant transformation.116 Furthermore, TNF-α and 
IL-1β are involved in malignant transformation of human 
benign mesothelial cells induced by erionite117 and asbes-
tos118,119 and they both enhance attachment of colon and 
pancreatic carcinoma cells to mesothelial monolayers 
in vitro.120,121 TNF-α also promotes peritoneal metastasis in 
vivo122 and induces malignant e�usion formation, suggest-
ing TNF-α could be a therapeutic target in the management 
of pleural malignancies.123

Interleukin-2

IL-2 is a pleiotropic cytokine that induces mesothelial cell 
proliferation, expression of CCR2, and migration but is bet-
ter known for its variety of e�ects on the immune system. 
IL-2 stimulates proliferation and di�erentiation of di�er-
ent T-cell subsets and stimulates a cytokine cascade that 
includes various ILs, IFNs, and TNF-α. IL-2 augments the 
cytolytic activity of T cells isolated from malignant pleu-
ral e�usions against autologous tumors124,125 and intratu-
moral injection of IL-2 in a murine model of mesothelioma 
induced tumor regression in small tumors in part via CD8+ 
T cells.126,127 Direct injection of IL-2 plus anti-CD40 anti-
body induced regression of large mesothelioma tumors in 
the animal model, possibly through CD4+ and CD8+ T 
cells and NK cell activity.128,129

IL-2 has been used clinically to treat various  malignancies 
although signi�cant responses have been seen only in meta-
static melanoma and renal cell carcinoma in approximately 
15% of patients.130,131 IL-2 has antiproliferative e�ects on 
human malignant mesothelioma cells and thus has been 
used clinically for the management of malignant pleural 
e�usions132,133 and mesothelioma. However, the results for 
mesothelioma have been disappointing. Irrespective of the 
route of delivery, less that 5% of patients had a complete 
response and no more than 50% showed a partial response 
in any of the trials performed.134–137 Also, there was signi�-
cant toxicity in several of the studies. IL-2 was also applied 
to malignant pleural mesothelioma during a phase II study 
of a four-modality treatment that included preoperative 
IL-2, pleurectomy/decortication, intrapleural IL-2, adju-
vant radiotherapy, systemic chemotherapy, and long-term 
subcutaneous IL-2. �e median survival was 26 months 
for patients with stage II/III mesothelioma although some 
patients were still alive at the time of publication.138 However, 
the speci�c e�ect of the IL-2 treatment is undetermined. 
Sixty patients were also treated with intrapleural preop-
erative IL-2. Tumor-in�ltrating lymphocytes, mast cells, 
microvessel count, and VEGF were signi�cantly increased 
compared with the untreated group. Interestingly, tryptase 
positive mast cells and Foxp3 positive lymphocytes were 
associated with improved and poorer clinical outcomes 
respectively, highlighting the importance of the in�amma-
tory response in mesothelioma cancer progression.139

Interleukin-6

IL-6 is a member of a family of cytokines including IL-11, 
leukemia inhibitory factor (LIF), oncostatin M (OSM), 
and others.140 �ese cytokines play important roles in the 
acute phase response, in�ammation, wound repair, the 
immune system as well as various other systems.141 �eir 
actions are mediated through speci�c cell surface recep-
tors and the shared signal transducing subunit, glyco-
protein β-subunit (gp)130 that signal through the MAPK 
(mitogen-activated protein kinase)/ERK or STAT1/3 path-
ways.142 IL-6 plays important proin�ammatory roles. IL-6 
stimulates  hepatocytes to produce acute phase proteins, 
for example, C-reactive protein, �brinogen, α1-antitrypsin, 
and serum amyloid A.82 Overexpression of IL-6 also causes 
leukocytosis and fever and promotes the production of 
VEGF82,143 and the IL-8 receptor CXCR1.144 When exposed 
to carrageenan-induced pleuritis, IL-6 knockout mice and 
wild-type mice treated with IL-6 neutralizing antibodies 
exhibited reduced pleural exudation, polymorphonuclear 
cell migration, lung myeloperoxidase activity, lipid peroxi-
dation, and the expression of inducible nitric oxide synthase 
and cylcooxygenase-2.145 IL-6 also dictates the transition 
from acute to chronic in�ammation by changing the nature 
of the leukocyte in�ltrate (from polymorphonuclear neu-
trophils to monocytes/macrophages).146–148 IL-6 is impor-
tant in the development of speci�c cellular and humoral 
immune responses, including B-cell proliferation and 
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di�erentiation, immunoglobulin secretion, and T-cell dif-
ferentiation and activation, thus favoring chronic in�am-
matory responses.61,149

Normal mesothelial cells produce IL-6 in response to 
stimuli and express gp130.150 However, mesothelial cells do 
not express the IL-6 receptor (IL-6R), therefore activation 
of mesothelial cells by IL-6 must occur when complexed to 
the sIL-6R, possibly shed by neutrophils following initiation 
of in�ammation.146 sIL-6R-mediated signaling primarily 
limits neutrophil in�ux; however, induction of CXCL5 and 
CLCX6 may regulate other neutrophil responses.147

Mesothelioma cells also produce and secrete high levels 
of IL-6151 but express only low levels of IL-6R mRNA.152 IL-6 
together with sIL-6R stimulated mesothelioma cell growth 
and induced expression of VEGF in vitro, via STAT3 signal-
ing,152 suggesting an autocrine role for IL-6 in the develop-
ment of mesothelioma. Interestingly, mesothelin, a protein 
expressed by mesothelial cells and elevated in many meso-
theliomas, induced IL-6 production in pancreatic cancer 
cells. �is association may be important in mesothelioma 
pathogenesis although this has yet to be examined.153 A high 
incidence of thrombocytosis (48%) and a signi�cant corre-
lation between platelet count and serum IL-6 levels have 
been reported in mesothelioma patients.91 �is is consistent 
with the observation that in patients with tuberculous pleu-
risy, high levels of IL-6 in the pleural �uid are also asso-
ciated with thrombocytosis.91 It has been postulated that 
large amounts of IL-6 from the pleural �uid of patients with 
mesothelioma leak into the systemic circulation and induce 
the systemic in�ammatory reactions related to mesotheli-
oma,91 including thrombocytosis, fever, and cachexia.154

Interleukin-10

IL-10 is an anti-in�ammatory cytokine, produced mainly 
by lymphocytes and monocytes but also macrophages, 
mast cells, eosinophils, and tumor cells. IL-10 is likely to 
be important in the early phases of pleural in�ammation, 
in mediating cell tra�cking to the pleura and vascular 
leak.155,156 IL-10 mediates its immunosuppressive actions 
through the downregulation of proin�ammatory cyto-
kines, the MHC class II molecules and T-cell mediated 
in�ammatory responses, including delayed hypersensitiv-
ity and �2-driven allergic responses.157 In experimental 
animal models, exogenous IL-10 improves the outcome 
of sepsis157 and inhibits airway in�ammation in asthma158 
whereas depletion of IL-10 increases the rate of pleural exu-
dation and leukocyte in�ux.156 IL-10 is present in malignant 
pleural e�usions,159 which suppresses the production of 
antitumor cytokines (such as TNF-α and IL-1β) by pleural 
macrophages.160 IL-10 levels are high in cell lines of primary 
e�usion lymphoma161 and in pyothorax-associated lym-
phoma,162 and can promote the growth and di�erentiation 
of activated or neoplastic B lymphocytes.163,164 IL-10 gene 
transfer to peritoneal mesothelial cells also suppressed peri-
toneal dissemination of gastric cancer cells, likely to be due 
to a persistently high IL-10 concentration in the peritoneal 

cavity.165 IL-10 is also thought to play a signi�cant role in the 
resolution of tuberculous pleurisy by down-regulating the 
�1 response seen in the early stages of disease.166

Interleukin-12

IL-12 enhances cell-mediated and cytotoxic immune 
responses to intracellular pathogens and tumors. It is 
produced primarily by antigen presenting cells but also 
by mesothelial cells, and is important in promoting �1 
responses and subsequent cell-mediated immunity.167 IL-12 
stimulates T lymphocyte and NK cell proliferation, cyto-
toxicity, and IFN-γ production.168 Knockout mice with dis-
rupted IL-12 or IL-12Rb1 genes have defective cell-mediated 
immunity, fail to develop granulomatous reactions, and 
are prone to develop TB.169 In TB patients, the percentage 
of T cells expressing IL-12 receptors is signi�cantly reduced 
and IFN-γ production by peripheral monocytes is also 
reduced.170 Incubation of pleural �uid cells with M. tuber-
culosis stimulates IL-12 production171 and IL-12 in turn 
induces mononuclear cells in pleural e�usions to increase 
their killing activity and stimulate IFN-γ production.172

IL-12 also has potent antitumor e�ects. Systemic admin-
istration of recombinant IL-12 induced a signi�cant and per-
sistent antitumor immune response, mediated by CD4 and 
CD8 T lymphocytes, and resulting in growth inhibition and 
regression in a murine model of mesothelioma.173 A simi-
lar observation was seen with IL-12 gene delivery, inducing 
immunity against mesothelioma locally and at a distant site 
without signi�cant systemic complications.174 Activation of 
e�usion-associated lymphocytes with IL-12 in the presence 
of low concentrations of IL-2 also switches the lymphocytes 
from a �2 to a �1 pathway, which may be a novel adop-
tive immunotherapy approach for cancer.175 Interleukin-12 
also augments the anticancer e�ects of other cytokines. In 
the presence of IL-2, IL-12 can restore the cytolytic activity 
of malignant pleural e�usion lymphocytes against autolo-
gous tumors,125 and coadministration of IL-15 with IL-12 
activates CD8+ T cells and NK cells, providing strong anti-
tumor activity against malignant pleuritis in mice, probably 
through enhanced IFN-γ production.176 IL-12 has also been 
shown to promote pleural and blood monocyte cytotoxic 
activity against a small-cell lung cancer cell line.177

Interferons

�ere are two types of IFNs: type I and type II. �ere are 
seven classes of type I IFNs, with IFN-α and IFN-β the most 
studied. IFN-γ is the only type II IFN, and there are also 
four IFN-like molecules. Type I IFNs are secreted by virus 
infected cells while the type II IFN is secreted mainly by  
T cells, NK cells, and macrophages.178 TLRs play an impor-
tant role in the expression of IFNs179 as well as monocyte-
derived proin�ammatory cytokines such as IL-12, IL-15, 
and IL-18.177,180,181 �e IFNs and IFN-like molecules sig-
nal predominantly through the Jak–Stat pathway but can 
also activate other pathways, including PI3K, Akt, NF-κB, 
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MAPK, and others.178 Type I IFNs have a wide array of 
biological functions, including antiviral, antiproliferative, 
and cytotoxicity e�ects on a wide variety of immune cells; 
increase the expression of tumor-associated antigens and 
other surface molecules such as MHC class I antigens; acti-
vate proapoptotic proteins; modulate cell di�erentiation;  
and have antiangiogenic activity.178

Interferon-γ is generally considered anti-in�ammatory 
and can modulate in�ammation through regulation of resi-
dent cell cytokine and chemokine synthesis. It inhibits basal 
and IL-1β- and TNF-α-induced production of IL-8, blocks 
polymorphonuclear cell in�ux induced by IL-1β,98 and mod-
ulates IL-6 signaling through sIL-6R to promote their apop-
tosis and clearance.182

High levels of IFN-γ are present in the pleural �uid of 
patients with tuberculous pleuritis (this is used in some 
countries as a diagnostic test) and are thought to be impor-
tant in the pathogenesis of TB.183 IFN-γ stimulates secretion 
of MIP-1α and MCP-1 by mesothelial cells which mediates 
recruitment of mononuclear cells to the pleural space184 and 
the levels of IFN-γ positively correlate with M.  tuberculosis–
induced proliferation of mononuclear cells.185 IFN-γ is 
important in cell-mediated protective immunity against 
the M. tuberculosis antigen, which is predominantly from 
IFN-γ-releasing CD4+ and CD8+ e�ector T cells. �is 
�1 response helps to limit mycobacterial replication and 
spread; however, it can also lead to signi�cant immunopa-
thology. NK cells extravasate to the site of TB infection but 
CD56bright NK cells cannot lyse M. tuberculosis–infected 
target cells, but are large producers of IFN-γ upon M. tuber-
culosis contact, contributing to regulation of the immune 
response toward the �1 pro�le. IFN-γ also inhibits the pro-
liferation of �2 cells and thereby modulates �2-mediated 
responses (see review of Yew and Leung186). Polymorphisms 
within the IFN-γ/IFN-γ receptor (IFN-γR) complex have 
been identi�ed which, depending on the polymorphism or 
combination of polymorphisms, can confer susceptibility or 
protection from disease.187–189

IFN treatment has been trialed in malignant mesothe-
lioma. In vitro studies demonstrated that IFN-α, IFN-β, and 
IFN-γ inhibit the growth of some human mesothelioma cell 
lines, which is further enhanced in combination with other 
cytokines or chemotherapeutic agents.190–194 �e antiprolif-
erative e�ect of IFN-γ appears to be mediated through the 
JAK–STAT pathway, as failure of cells to respond to IFN-γ 
was related to the limited transcriptional activity of STAT1, 
or a defect in JAK2 expression.195

Gene transfer of IFN-γ or IFN-β into established murine 
mesotheliomas demonstrated signi�cant tumor regres-
sion and long-term survival, possibly due to peripheral 
tumor in�ltration by CD4+ and CD8+ lymphocytes. �e 
combination of IFN-β with cyclooxygenase-2 inhibition 
or surgical debulking further reduced tumor growth and 
recurrence.196,197 However, despite promising in vitro and 
animal data, clinical trials using IFN therapy have been dis-
appointing. IFN, singly or in combination with chemothera-
peutic agents, did not show any signi�cant clinical response 

or survival bene�ts, with myelosuppression and fatigue 
signi�cant side e�ects.198–201 Intrapleural administration of 
human IFN-γ was also tried in 89 patients with Butchart 
disease stages I and II, epithelial or mixed mesotheliomas. 
�e overall response rate was relatively low at 20% with 
most responders having early stage disease.202 Drug toler-
ance was acceptable using this route, although systemic 
side e�ects of hyperthermia, liver toxicity, and neutropenia 
were still seen. Intracavitary administration of IFN-α and 
IFN-β has also been tried as palliative therapy to reduce 
malignant e�usions. Although successful, they were not as 
e�ective as IL-2.203 Intrapleural delivery of adenoviral vec-
tors encoding human IFN-α (Ad.IFN-α2b) or IFN-β (Ad.
IFN-β) have been trialed in small groups of mesothelioma 
patients. Although survival times were increased in over 
half of the patients receiving Ad.IFN-β, tumor regression 
was uncommon. Patients receiving Ad.IFN-α2b appeared 
to have more favorable outcomes, with antitumor humoral 
immune responses against mesothelioma cells seen in seven 
of the eight subjects evaluated and tumor regression evident 
in �ve of nine patients treated.204,205

Transforming growth factor beta

TGF-β is a multifunctional cytokine with three mammalian 
isoforms TGF-β1–3. TGF-β is produced by most cell types 
that occur in or in�ltrate into the pleura, including in�am-
matory, mesothelial, and malignant cells. TGF-β is also 
present in pleural e�usions of infective and malignant eti-
ologies and in high levels in most �brotic diseases, indicat-
ing that it may have a role in the in�ammatory, pro�brotic, 
and malignant pathogenesis of many pleural diseases.206,207 
TGF-β is secreted in an inactive form bound to its latency 
associated peptide (LAP) and can also be tethered to ECM 
by the latent TGF-β binding protein (LTBP). TGF-β under-
goes posttranslational activation through a diverse range 
of activators, including MMPs, integrins ανβ6 and ανβ8, 
thrombospondin (TSP)-1, and physiological extremes such 
as low pH or mechanical stress. All TGF-β isoforms sig-
nal through a heteromeric complex of Type I (TβRI) and  
Type II (TβRII) transmembrane serine/threonine receptor 
kinases which activate downstream, signaling molecules, 
in particular Smad proteins, although it can activate other 
pathways like MAPK cascades.208

TGF-β regulates a number of cellular processes, includ-
ing cell proliferation, migration, di�erentiation (through 
epithelial to mesenchymal transition), and ECM produc-
tion. In fact TGF-β is considered the most potent pro�brotic 
mediator, increasing the expression of most ECM proteins 
in a variety of cell types, including mesothelial cells, as well 
as inhibiting their degradation.209,210 Crosstalk between 
the JNK1 and SMAD3 pathways has been reported during 
TGF-β1-induced EMT in mesothelial cells211 and inhibition 
of transforming growth factor–activated kinase 1 (TAK-1) 
blocks and reverses EMT in these cells.212 Formation of adhe-
sions and subsequent pleural �brosis are commonly seen in 
pleural diseases (e.g., empyema, �brothorax following TB) 
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and increased levels of TGF-β have been observed in the 
pleural �uid during these pathologies. It has been suggested 
that TGF-β might be considered as a predictor of pleural 
thickening in pleural TB.213 TGF-β further contributes to 
the pro�brotic environment by suppressing �brinolysis 
by reducing tissue plasminogen activators and increasing 
mesothelial cell production of PAI-1 and -2.214,215 Blocking 
TGF-β using neutralizing antibodies also reduces in�am-
matory cell recruitment to the pleura, pleural e�usion, and 
pus volume and formation of pleural adhesions in animal 
models of pleural infection.216,217 Although TGF-β has pro-
�brotic e�ects on many cell types, its e�ect on pleural meso-
thelium is likely to result in pleural �brosis and may even 
have a role in the development of pulmonary �brosis.218,219 
�e pro�brotic e�ects of TGF-β have also been suggested for 
therapeutic pleurodesis. Direct intrapleural administration 
of TGF-β2 and -β3 induces excellent pleurodesis in di�erent 
animal models,220–222 more rapidly than talc. However, its 
long-term e�ects and e�ectiveness in abnormal (e.g., malig-
nant) pleural surfaces requires evaluation in humans.206

TGF-β also plays a critical role in immune regulation. 
Most commonly, it behaves as a potent  anti-in�ammatory 
cytokine and suppresses the production of TNF-α, IL-1, 
and IL-8, deactivating neutrophil and macrophage 
functions.223–225 TGF-β1 knockout mice succumb to 
overwhelming systemic in�ammation mediated by lym-
phocytes226 with signi�cantly elevated levels of TNF-α 
and IL-1. TGF-β inhibits the production of and response 
to �1 and �2 cytokines.227 In addition, it inhibits proin-
�ammatory T-cell responses, natural killer cell functions, 
and the generation of lymphokine-activated killer cells.228 
TGF-β also blocks leukocyte adhesion and recruitment 
to in�ammation sites.229 �us silencing the TGF-β gene 
may increase the immunogenicity of cells in the pleura, 
consistent with a recent observation in human ovarian 
carcinoma.230

TGF-β also plays an important role in the development of 
cancers. TGF-β acts as a tumor suppressor by inhibiting pro-
liferation of most normal cells, including mesothelial cells, 
and promoting cell di�erentiation and apoptosis during 
the early stage of carcinogenesis.231,232 However, advanced 
tumors are o�en resistant to TGF-β-mediated growth arrest, 
probably as a result of reduced TGF-β signaling secondary 
to mutations in genes encoding TGF-β signaling media-
tors.231 Once resistance develops, the more aggressive forms 
of cancer cells can make use of TGF-β to enhance their 
growth and metastasis through stromal–epithelial inter-
actions,233 promotion of angiogenesis, and increased ECM 
synthesis by cancer cells. Cancer cells, through TGF-β1, can 
also induce apoptosis of mesothelial cells which damages 
serosal integrity and promotes metastases.234 TGF-β also 
interacts with other pathways such as the Hippo pathway 
to stimulate mesothelioma growth through connective tis-
sue growth factor regulation of the ECM and VEGF pro-
duction.235,236 �e immunosuppressive functions of TGF-β 
may enable cancer cells to escape immune surveillance,231 
although in the pleura, blocking TGF-β activity can inhibit 

mesothelioma cell  proliferation and tumor growth in 
animal  models.237,238 TGF-β blockade signi�cantly slows 
tumor growth through many mechanisms, including acti-
vation of CD8+ T cells and macrophages, increasing neu-
trophil-attracting chemokines, resulting in an in�ux of 
CD11b(+)/Ly6G(+) tumor-associated neutrophils that are 
more cytotoxic to tumor cells, and expressing higher levels 
of proin�ammatory cytokines.239 Given the complex rela-
tionship between TGF-β and cancer, the use of TGF-β or 
its antagonists as cancer therapy require careful clinical 
assessments.206

CONCLUSIONS

Mesothelial cells are dynamic cells with many functions 
important in maintaining pleural homeostasis. Importantly, 
they are the �rst line of defense against infectious agents 
invading the pleura and play essential roles in the initiation 
and resolution of in�ammatory and immune responses. �e 
importance of mesothelial cells has only relatively recently 
been realized although we still know very little about its 
biology. In particular, we need to gain a better understand-
ing of mesothelial cell/cytokine networks, as a comprehen-
sive understanding of this interaction and the signaling 
pathways involved is crucial to the understanding of the 
pathophysiology of pleural diseases and the development of 
new therapies.
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4
Normal physiological fluid and cellular contents

MARC NOPPEN

KEY POINTS

 ● In normal animals and humans, the pleural space contains a small volume of pleural �uid. In di�erent adult 
animal species, this volume varies between 0.04 and 0.60 mL/kg. In normal humans, the pleural �uid volume is 
0.26 mL/kg.

 ● �is �uid has the solute characteristics of all interstitial �uids, and contains a total of 1000–2500 white blood 
cells per microliter. Macrophages/monocytes and lymphocytes are the predominant cell types.

 ● Pleural lavage is a safe and simple technique allowing the study of normal pleural �uid, and of pleural disease 
that is not characterized by pleural e�usions.
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INTRODUCTION

In normal conditions, the pleural space contains a small 
amount of pleural �uid.1 �is small volume of pleural �uid 
is maintained in the pleural space by a complex interplay of 
hydrostatic pressures and lymphatic drainage, which allows 
for steady liquid and protein turnover.1,2 Pathological pro-
cesses may lead to the development of pleural e�usions by 
causing disequilibrium between the rates of pleural �uid 
formation and pleural �uid absorption (see Chapter 5). �e 
focus of this chapter is on the normal pleural �uid volume 
and its cellular and solute content in normal, physiological 
circumstances.

Normal pleural �uid is a microvascular �ltrate; its vol-
ume and composition are tightly controlled. Liquid enters 
the pleural space through the parietal pleura down a net �l-
tering pressure gradient, and is removed by an absorptive 
pressure gradient through the visceral pleura, by lymphatic 
drainage through parietal pleura stomata, and by cellular 
mechanisms (active transport of solutes by mesothelial 
cells).3,4 �e main function of the normal pleural �uid is 
thought to be lubrication of the pleural surfaces, enabling 
transmission of the forces of breathing between the lung 

and the chest wall. Together with the presence of subatmo-
spheric pressures within the pleural space, this lubrication 
function enables respiratory movements by a mechani-
cal coupling between lung and chest wall. �is lubrication 
function is supported by the presence of surfactant lipids in 
normal pleural �uid, which are e�cient in terms of bound-
ary lubrication and adherence to biological surfaces, and of 
hyaluran.3,5 Most of what is known about the volume, com-
position, and dynamics of normal pleural �uid has been 
obtained from animal studies. Retrieval of the few milli-
liters of normal pleural �uid in humans is indeed di�cult 
without traumatic invasion of pleural space: therefore, only 
a few human studies are available.

ANIMAL STUDIES

Data derived from animal studies are summarized in 
Table 4.1. Although there is a certain degree of concordance 
as to the total volume and total white blood cell count of 
normal rabbit and dog pleural �uid, there is a large dispar-
ity of the di�erential cell counts among various animal 
models. �e reasons for this disparity include di�erences 
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in identi�cation of and distinction between macrophages, 
monocytes, and mesothelial cells; methodological di�er-
ences in �xation, staining, and �uid retrieval techniques 
(aspiration or lavage); and possible genuine interspecies 
di�erences.6

Miserocchi and Agostoni7 collected pleural �uid from 
the costodiaphragmatic sinuses of rabbits and dogs. In rab-
bits, 0.46 mL of free �uid could be retrieved from both pleu-
ral spaces (0.2 mL/kg). In dogs, 0.55 mL or 0.15 mL/kg could 
be collected. When the volume of �uid adherent to the lung 
surfaces was assessed and included, volumes of pleural �uid 
rose to 0.4 mL/kg and 0.26 mL/kg, respectively. Total and 
di�erential white blood cell counts were performed using a 
cell counting chamber and May–Grünwald-Giemsa stained 
cell smears. In rabbits, 2442 ± 595 cells/μL were present, 
including 31.8% mesothelial cells, 60.8% monocytes, and 
7.4% lymphocytes. In dogs, 2208 ± 734 cells/μL were pres-
ent, including 69.6% mesothelial cells, 28.2% monocytes, 
and 2.2% lymphocytes.

Stau�er et al.8 compared di�erent cytopreparations and 
di�erent methods of �uid collection in rabbits: aspiration 
of the free �uid versus irrigation with 10 mL Hanks solu-
tion. �e total volume of aspirated pleural �uid volume for 
both pleural spaces was 0.45 ± 0.12 mL (0.13 mL/kg). Total 
white blood cell count for the original aspirated �uid was 
1503 ± 281 cells/μL. Di�erential cell counts varied with the 
di�erent methods of �xation (95% alcohol and Papanicolaou 
stain versus 50% alcohol, 1% polyethylene glycol, and 

Papanicolaou stain) between 38.6% and 70.1% monocytes, 
10% and 10.6% lymphocytes, and 5.5% and 16.6% macro-
phages. Sahn et al.9 aspirated costodiaphragmatic �uid in 
rabbits. Total volume of the free pleural �uid in both pleural 
spaces was 0.45 ± 0.90 mL (0.13 mL/kg). Total white blood 
cell count was 1503 ± 414 cells/μL, with 70.1% ± 3.6% mono-
cytes, 10.6% ± 1.8% lymphocytes, 8.9% ± 1.6% mesothelial 
cells, and 7.5% ± 1.5% macrophages. Novakov and Peshev10 
performed aspiration and lavage in rabbits. Volumes and 
total white blood cell counts were not reported; di�eren-
tial cell counts included 9.25% macrophages, 66.5% mono-
cytes, 8% mesothelial cells, and 9.75% lymphocytes a�er 
aspiration, and 5% macrophages, 60.17% monocytes, 10% 
mesothelial cells, and 11.08% lymphocytes a�er lavage. 
Other measurements of pleural �uid volume have been 
made by Broaddus and Araya,11 Wang and Lai-Fook,12 and 
Agostoni and Zocchi13 in rabbits; Mellins et al.14 in dogs; 
Wiener-Kronish et al.15 and Broaddus et al.16 in sheep; and 
Miserocchi et al.17 in various animal models (cats, dogs, and 
pigs) as part of studies for purposes other than actual vol-
ume measurements. All measurements (except those in pup-
pies) yielded total volumes between 0.04 and 0.28  mL/kg. 
Compilation of animal studies shows that normal pleural 
liquid volume per unit body mass (Vpl) is found to decrease 
with body mass (M) according to the allometric equation 
Vpl = 0.39 × M-0.63 (n = 11, R2 = 0.68, p < .001).3

�e solute composition of normal pleural �uid is simi-
lar to that of interstitial �uid of other organs and contains 

Table 4.1 Data derived from animal studies

Study 
(Ref.)

Species

Mean volume 
(right and left 
pleural space) 

(mL/kg)

Total WBC 
count 

(cells/μL)

Macrophages 
(%)

Monocytes 
(%)

Mesothelial 
cells (%)

Lymphocytes 
(%)

7 Rabbits 0.2a 2442 ± 595 NR 60.8 31.8 7.4
7 Dogs 0.15a 2208 ± 734 NR 28.2 69.8 8.2
8 Rabbits 0.13 1503 ± 281 7.6–16 38.6–70.1 3.7–25.4 10–10.6
9 Rabbits 0.13 1503 ± 414 7.5 ± 1.5 70.1 ± 3.6 8.9 ± 1.6 10.6 ± 1.8

10 Rabbitsb NR NR 9.25 66.5 8 9.75
10 Rabbitsc NR NR 5 60.17 10 11
11 Rabbits 0.1 1216 ± 800 NR NR NR NR
12 Rabbits 0.09 NR NR NR NR NR
13 Rabbits 0.22 NR NR NR NR NR
14 Dogs 0.1 NR NR NR NR NR
15 Sheep 0.12 NR NR NR NR NR
16 Sheep 0.04 NR NR NR NR NR
17 Rats 0.6 NR NR NR NR NR
17 Puppies 1.33 NR NR NR NR NR
17 Cats 0.28 NR NR NR NR NR
17 Pigs 0.22 NR NR NR NR NR

Abbreviations: NR, not reported; WBC, white blood cell.
a Not including fluid adherent to lung surfaces.
b Fluid retrieved by aspiration.
c Fluid retrieved by lavage.
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1–2 g/100 mL, mainly consisting of albumin (50%), globulins 
(35%), and �brinogen.3,9 Levels of large-molecular-weight 
proteins, such as lactate dehydrogenase, in the pleural �uid 
are less than half of that found in serum.

HUMAN STUDIES

Reliable data on the volume and cellular content of pleural 
�uid in normal humans are scarce because of the obvious 
di�culties in retrieving this small amount of �uid with-
out “disturbing” the pleural environment. �e �rst study 
addressing this issue was that of Yamada,18 published in 
1933, who punctured the ninth or tenth intercostal space on 
the dorsal axillary line in a group of healthy Japanese sol-
diers. In approximately 30% of cases, some �uid was aspi-
rated a�er a period of rest, whereas in approximately 70% of 
cases some �uid was retrieved a�er exercise. Usually, only 
a few drops of foam was aspirated, but in a few cases, up 
to 20 mL could be retrieved. Total white blood cell count 
was 4500 cells/μL (range 1700–6200). Di�erential cell count 
showed 53.7% cells similar to monocytes, 10.2% lympho-
cytes, 3% mesothelial cells, 3.6% granulocytes, and 29.5% 
“deteriorated cells of di�cult classi�cation.”

More recently, a pleural lavage technique was used to 
retrieve the few milliliters of pleural �uid present in the 
pleural space of otherwise healthy participants undergoing 
thoracoscopic sympathectomy for the treatment of essential 
hyperhidrosis.19 In analogy with bronchoalveolar lavage (a 
technique enabling retrieval of small volumes of epithelial 
lining �uid from the lung), 150 mL of prewarmed saline  
was injected in and immediately aspirated from the right 
pleural space, a�er induction of a pneumothorax in the set-
ting of a thoracoscopic sympathectomy performed for the 
treatment of essential hyperhidrosis.20 With urea used as 
an endogenous marker of dilution, measured mean right-
sided pleural �uid volume was 8.4 ± 4.3 mL. In a subgroup 
of subjects, right- and le�-sided pleural �uid volumes were 
shown to be similar. Expressed per kilogram of body mass, 
total pleural �uid volume in nonsmoking healthy sub-
jects was 0.26 mL/kg, which corresponds well with values 
obtained in animal studies. Total white blood cell count in 
the pleural �uid of normal nonsmoking subjects was 1716 
cells/μL. Di�erential cell count yielded a predominance 
of macrophages (median 75%, interquartile range 16%) 
and lymphocytes (median 23%, interquartile range 18%). 
Mesothelial cells, neutrophils, and eosinophils were only 
marginally present. A typical image of a cell smear is shown 
in Figure 4.1. Interestingly, a small but statistically signi�-
cant increase in pleural �uid neutrophils was observed in 
smoking subjects. In a second study using a similar lavage 
technique, Scherpereel et al. compared T-cell populations 
from blood and pleural e�usions of untreated patients 
with malignant pleural mesothelioma, from pleural metas-
tasis of adenocarcinoma, and from benign pleural lesions 

associated with asbestos exposure, with blood and pleural 
lavage samples obtained from healthy subjects. Blood T-cell 
subsets were similar in all groups of patients or healthy 
subjects. Although pleural �uid from healthy subjects con-
tained mainly CD8+ T cells, benign or malignant e�usions 
included mainly CD4+ T cells. E�ector memory T cells 
were the main T-cell subpopulation in pleural �uid from 
healthy subjects. In contrast, there was a striking and selec-
tive recruitment of central memory CD4+ T cells in malig-
nant mesothelioma, but not of e�ector CD8+ T cells or NK 
cells as one would expect to maintain an e�cient immune 
response.21

In addition to revealing the volume and cellular com-
position of normal pleural �uid (which may be helpful in 
understanding cellular events occurring in disorders char-
acterized by pleural e�usions), this pleural lavage technique 
also allows the study of the pathophysiological events in 
pleural disorders that typically are not associated with pleu-
ral e�usions, such as pneumothorax22 and asbestos-related 
pleurisy.23

Figure 4.1 Typical cell smear of a pleural lavage sample 
from a normal, nonsmoking subject, showing predomi-
nance of macrophages and lymphocytes (hematoxylin-
eosin stain, ×320).
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5
Fluid and solute exchange in normal and 
disease states

V. COURTNEY BROADDUS

KEY POINTS

Normal physiology
 ● Intrapleural pressure is lower than the interstitial pressure of either of the pleural tissues. �is pressure di�erence 

constitutes a gradient for liquid movement into, but not out of, the pleural space.
 ● �e pleural membranes are leaky to liquid and protein and provide little resistance to protein movement.
 ● �e entry of pleural �uid is normally slow and is compatible with known interstitial �ow rates, about 0.5 mL hourly 

in a grown person.
 ● Most liquid exits the pleural space by bulk �ow, not by di�usion. �is is evident because the protein concentration 

of pleural e�usions does not change as the e�usion is absorbed.
 ● �e major exit of liquid and protein is via the parietal pleural stomata (4–12 μm diameter) and the pleural lym-

phatics. �ese lymphatics have a large capacity for absorption increasing up to 30 times the baseline exit rate and 
thereby resist e�usion formation.

Pathophysiology
 ● Most e�usions develop from both an increase in the entry rate of liquid into the pleural space and a decrease in the 

maximal exit rate of liquid from the pleural space.
 ● Lymphatic function can be altered by in�ammation, infection, �brosis, or malignancy. A resulting decrease in exit 

rate can remain clinically silent until it becomes less than the entry rate or until the entry rate increases due to 
another condition, thereby leading to an e�usion.

 ● Over time, the lymphatic clearance rate may be able to increase, for example, by increases in stomata number or 
size or by increases in lymphatic contractility. Nonetheless, lymphatic capacity constitutes a �nite limit in the 
 ability of the pleural space to remove liquid.

 ● Excess interstitial �uid from other parts of the body can travel toward and accumulate in the pleural space due to 
its subatmospheric pressure, leaky borders, and high capacitance.
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NORMAL PHYSIOLOGY

�e major function of the pleura and the pleural space 
may be to permit the lungs to expand and de�ate easily 
within the chest. �e pleural coverings allow the lungs to 
move with minimal friction and adjust their shape during 
changes in size. Because the space is under subatmospheric 
pressure with high compliance, the pleural space can also 
accommodate large volumes of liquid. �ese collections, 
pleural e�usions, are a common clinical issue. In this chap-
ter, we will discuss what is known about normal movement 
of liquid and solutes into and out of the pleural space and 
how this balance is altered to allow excess liquid collection.

�e division of the pleura into visceral and parietal 
membranes is based primarily on the structures each enve-
lopes, although structural histologic di�erences between 
the two exist. �e visceral pleura encloses the lungs and 
interlobar �ssures before turning back on itself to form the 
parietal pleura covering the inner wall of the chest, the dia-
phragm, and the mediastinum. In the normal state, a sub-
atmospheric intrapleural pressure keeps the visceral pleura, 
which is �rmly attached to the lung parenchyma, mechani-
cally coupled to the parietal pleura, which is attached to the 
chest wall. Indeed, it is the subatmospheric pressure that 
allows the pleural space to act as a sump for the collection of 
excess liquid produced elsewhere in the body. �e balance 
of pleural pressures keeps the mediastinum midline and, if 
the mediastinum is not �xed in position, a rise in intrapleu-
ral pressure due to the presence of intrapleural liquid or air 
will cause an imbalance of pleural pressures that may lead 
to a shi� of the mediastinum to the contralateral side.

Under normal conditions, the pleural space is home to a 
small amount of �uid, which has been quanti�ed in humans 
by pleural lavage to be approximately 0.16 to 0.36 mL/kg of 
body weight, which translates roughly to less than 12 mL 
per hemithorax.1 �is small amount of liquid is distributed 
along the pleural space with an average thickness of 10–20 
μm, with the thickest portion in the dependent regions. 
�e liquid has been shown to separate the pleural mem-
branes over the entire surface of the lungs because, in stud-
ies of frozen pleura, no area of contact has been identi�ed 
(Figure 5.1).2 �e pleural space is thus a real, not a potential, 
space but one that has been particularly di�cult to study 
by virtue of its extremely thin (10 μm) and broad (1–2 m2) 
extent.

Because of the di�culty of study, there has been con-
troversy regarding the normal source and movement of 
pleural �uid. For example, at one time, normal pleural �uid 
was proposed to arise from secretion by mesothelial cells or 
from �ltration from the systemic (high pressure) circulation 
with absorption into the pulmonary (low pressure) circula-
tion. A consensus has now arisen that the pleural �uid �ows 
by �ltration from systemic vessels and is absorbed into lym-
phatics, in a manner analogous to other interstitial spaces 
of the body.3

�is view is supported by many lines of evidence, o�en 
obtained via studies using noninvasive or minimally inva-
sive experimental approaches in animals such as the sheep, 
which has a pleural anatomy similar to that of humans.4–7

PLEURAL FLUID PRODUCTION

On the basis of studies in animals, normal human pleural 
�uid probably contains between 1 and 2 g/dL of protein.8 Of 
note, the collection of a pleural e�usion, even with transuda-
tive �uid with a protein concentration between 2 and 3 g/dL, 
represents a de�nite increase in the   protein   concentration 
above the normal level. �e low protein concentration of 
normal �uid indicates a high degree of sieving of the protein 
molecules during �ltration from the microvasculature. �e 
concentration, which represents a protein ratio of 0.15–0.2, 
is in keeping with systemic interstitial �uids of the body 
and is very di�erent from the higher concentration of pro-
tein in pulmonary interstitial �uid, with a protein ratio of 
0.6–0.7.9,10 �us, the low protein concentration is strong evi-
dence that normal pleural �uid arises from systemic vessels.

Additional evidence for the systemic origin of pleural 
�uid derives from studies in animals in which systemic 
pressure is found to vary. In animals with an increased sys-
temic arterial (and microvascular) pressure, �ltration at the 
microvessels and the sieving of protein would be expected 
to be higher and, if systemic vessels were the source of pleu-
ral �uid, the pleural protein concentration ratio (pleural/
serum) would be expected to be lower than in animals with 

Chest wall Lung

0.5 mm

Figure 5.1 Frozen chest of a sheep showing that a 
continuous intact pleural space separates the lung and 
chest wall. The pleural fluid is a dark band (arrowhead) 
between the lung and the chest wall. A, intercostal 
artery; intercostal vein. (Courtesy of Kurt Albertine, PhD, 
University of Utah School of Medicine.)
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a lower systemic pressure. In the �rst study addressing this 
proposed mechanism, spontaneously hypertensive rats 
were found to have lower total protein and albumin concen-
tration ratios and a higher pleural space thickness than in 
the control, normotensive rats.11 In the second study, sheep 
were studied at di�erent stages of development. As mam-
mals grow from fetal to newborn to adult life, systemic 
arterial pressure increases while pulmonary arterial pres-
sure decreases. �us, if pleural �uid arose from the systemic 
circulation, pleural �uid protein concentrations would be 
expected to decrease; if pleural �uid arose from the pul-
monary circulation, the opposite would be expected. In 
pleural �uid collected from sheep at di�erent ages, pleural 
�uid protein concentration ratios decreased progressively; 
in fetuses the ratio was 0.50, in newborns 0.27, and in adults 
0.15, supporting a systemic origin of the �uid.12

�e likely systemic sources of �uid lie in the adjacent 
pleural membranes themselves. In e�ect, the pleural space 
is sandwiched between two systemic circulations: the 
intercostal arterial circulation of the parietal pleura and 
the bronchial arterial circulation of the visceral pleura 
(Figure 5.2). Of interest, the parietal pleural circulation is 
constant among species, with a morphology almost inter-
changeable from small mammals to humans.6 By con-
trast, the visceral pleural circulation changes drastically 

depending on whether the visceral pleura is “thick” as in 
humans, sheep, and most large animals, or is “thin” as in 
smaller mammals like dogs, rabbits, and mice.5 �e thick 
visceral pleura has a systemic bronchial blood supply while 
the thin visceral pleura has no systemic circulation itself 
but is nourished by the underlying pulmonary circulation. 
�e systemic blood supply of the parietal pleura is thought 
to be the major source of normal pleural �uid, for several 
reasons. First of all, despite the great di�erences in visceral 
pleural anatomy and blood supply, measured rates of pleu-
ral �uid production are similar among di�erent species, 
suggesting the constant parietal pleura as the source.8,13 
Second, the parietal pleural microvessels are closer to the 
pleural space (10–12 µm) than those of the visceral pleura 
(20–50 µm).5,6 Finally, the parietal pleural vessels likely have 
a higher microvascular pressure due to their drainage into 
systemic venules while the visceral bronchial vessels drain 
into lower-resistance pulmonary venules.3

Once the �uid �lters across the systemic vessels, it can 
then �ow passively along a pressure gradient across the 
mesothelial layer into the pleural space. �e pressure gradi-
ent exists from the high-pressure pleural systemic microves-
sels into its surrounding interstitial tissue and from the 
interstitial tissues into the subatmospheric pleural space.14 
�e mesothelial layer separating the interstitial tissue from 
the pleural space is leaky, especially relative to other barriers 
such as the epithelial barriers of the alveoli or the kidney. 
Mesothelium has been shown, in both in vitro and in situ 
studies, to o�er little resistance to the movement of liquid 
and protein.7,15 �us, the liquid and protein �ltered from 
the pleural microvessels (as well as liquid arising elsewhere 
in the body) can �ow across the mesothelium along a pres-
sure gradient into the pleural space. By virtue of its large 
size and surface area, its subatmospheric pressure, and its 
relatively leaky borders, the pleural space is clearly vulner-
able to receiving excess �uids from other areas of the body.

�e mesothelium has been proposed to be capable of 
active transport. �is possibility is particularly intriguing 
when examining the distribution of ions in pleural �uid and 
serum, because pleural concentrations of some ionic solutes 
such as bicarbonate have been noted to be di�erent from 
those in serum.16,17 Although a higher pleural concentration 
has raised the possibility of an active transport mechanism 
for bicarbonate into the pleural space, the distribution of 
ions may also be explained by a passive process, the Donnan 
equilibrium. In this equilibrium, di�erences in protein con-
centrations across a semipermeable membrane set up a 
di�erence that passively alters ionic balances to maintain 
electroneutrality. Such a mechanism has been proposed to 
explain similar di�erences in ion concentrations between 
other body �uids and serum in a classic study from 1934.18 
�us, passive forces alone are su�cient to explain the small 
di�erence in ionic concentrations between pleural �uid and 
serum and are more consistent with the leaky nature of the 
mesothelium.7,19

Once it enters the pleural space, pleural �uid very slowly 
�ows toward the dependent regions of the pleural space.20 

Figure 5.2 Light micrograph showing the parietal and 
visceral pleurae of the sheep. The pleurae are shown 
separated by a distance similar to that for the pleural 
space (PS) of 18–20 μm. The parietal pleura (left, PP) is 
lined by mesothelial cells (M) adjacent to the pleural space 
(PS). The blood supply is via the intercostal arteries (B). 
The parietal pleura, but not the visceral pleura, contains 
the lymphatics (L) that drain pleural fluid via stomata that 
open into the pleural space. The visceral pleura (right, VP) 
lies between the pleural space (PS) and the alveoli of the 
lung parenchyma, and is lined by mesothelial cells (M). 
The blood supply to the visceral pleura is via the bronchial 
arteries (A). EF, endothoracic fascia. (From Staub NC 
et al., The Pleura in Health and Disease, Marcel Dekker, 
New York, pp. 174–175, 1985. With permission.)
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Such �ow has been proposed based on �ndings of pleural 
pressure gradients. Pleural pressure has been exceedingly 
di�cult to measure: even by placing a small catheter into 
the pleural space, the space is greatly widened and pres-
sures are measured consistent with a static column of liq-
uid. However, when pleural pressures are measured with 
micropipettes that do not distort the space, pleural pressure 
gradients are consistent with a gradual �ow of �uid from the 
top to bottom.21,22

Based on noninvasive studies in di�erent species, the 
production of pleural �uid is normally slow. In earlier 
studies, measured �ows were probably overestimated due 
to in�ammation and distortion caused by invasive tech-
niques used to measure the �uid turnover. Based on non-
invasive radiolabeled studies or minimally invasive catheter 
techniques, pleural �uid production has been measured at 
approximately 0.01 mL/(kg × h) in awake sheep8 and 0.02 
mL/(kg × h) in rabbits.13 �e half-time of pleural �uid turn-
over in sheep and rabbits is 6–8 hours.13 At these rates, there 
would be an entry (and exit) of 15 mL per day in a 60-kg 
human.

PLEURAL FLUID ABSORPTION

�e majority of pleural �uid must exit the pleural space by 
bulk �ow, not by di�usion or other routes. If liquid were 
absorbed by di�usion or via solute channels, proteins would 
be expected to be transported via di�erent pathways at a 
slower rate, and the protein concentration of pleural �uid 
would progressively increase. Clinically, however, the pro-
tein concentration of pleural e�usions does not change as a 
hydrothorax is absorbed. With bulk �ow, liquid and protein 
are removed at the same rates, and the protein concentra-
tion of the liquid remaining in the pleural space does not 
change. �is constancy is fortuitous, because it has allowed 
the protein concentration to be a useful clinical guide to 
the mechanism of formation of an e�usion by indicating 
whether the vasculature of origin was normal, in which 
case there would be lower protein concentration as in a 
transudate, or whether the vasculature was injured or leaky, 
resulting in a higher protein concentration as in an exudate.

Sodium channels and other ion transport have been 
implicated in liquid absorption from the pleural space,23 
although this cannot explain the clearance of particulates. 
In addition, the agents used to accelerate (e.g., terbutaline) 
or inhibit (e.g., amiloride) the activity of such pumps may 
also a�ect lymphatic contractility and �ow. In particular, 
amiloride, used as an inhibitor of sodium channels, has also 
been shown to decrease lymph �ow.24 To date, the contribu-
tion of active transcellular processes to overall clearance is 
not established although it may account for a small move-
ment of liquid. Similarly, transcytosis of albumin across the 
mesothelial cell layer may account for a small amount of 
clearance of protein.25 Nonetheless, as in other interstitial 
spaces of the body, lymphatic clearance would best explain 
the bulk clearance of liquid, protein, and particulates from 
the pleural space.

�e lymphatics have direct connections to the pleural 
space via stomata, which have now been described in many 
species by ultrastructural studies. On the parietal pleura 
in sheep, lymphatic stomata have been described on the 
parietal and diaphragmatic surfaces, with a  diameter of 
6–10 μm.6,26  In golden hamsters, lymphatic stomata have 
been noted on the costal pleura, at approximately 1000 
lymphatic stomata per hemithorax. About 15% of them 
are distributed in the ventrocranial regions of the thoracic 
wall, with about 85% in the dorsocaudal region.27 In rab-
bits, stomata have been found on the costal pleura at a den-
sity of 120/mm2.28 In the rat, colloidal particulates were 
found to clear via lymphatics primarily via the parietal 
pleura,29 where stomata have been described.30 In humans, 
there has been some confusion concerning the presence 
and location of lymphatic stomata. In some reports, the 
human pleura appeared to have micropores or cle�s,31 
whereas in other studies, stomata with a diameter of 
approximately 6 μm have been described on the diaphrag-
matic pleura.32 A careful study of lymphatic clearance of 
carbon particles in monkeys has shown by direct observa-
tion using videothoracoscopy that carbon particles enter 
lymphatics in the costal, mediastinal, and diaphragmatic 
pleura in 10–15 minutes and are drained to collecting lym-
phatics by 30 minutes (Figure 5.3).33 Study of the pleura 
by electron microscopy showed a network of sieve-like 
submesothelial lymphatic structures, suggesting a rich 
lymphatic drainage of the pleural space.

Stomata have not been described on the visceral pleura, 
although many studies do not mention whether the lung 
surface was examined for them. In studies in which the 
lung was examined a�er injection of intrapleural carbon 
ink, carbon particulates were described to enter the parietal 
but not the visceral pleura.6

�ere has also been confusion about the route of lym-
phatics in the diaphragm, where some have speculated 

Figure 5.3 Macroscopic photograph of lymphatic lacunae 
in the parietal pleural of a sheep after colloidal carbon 
was instilled into the pleural space. Carbon has entered 
and outlines the lymphatic lacunae which appear as 
broad cisterns when one looks down on the pleura. L, 
lymphatic lacuna; B, blood vessel. (From Albertine KH, 
Wiener-Kronish JP, Staub NC, The structure of the parietal 
pleura and its relationship to pleural liquid dynamics in 
sheep. The Anatomical Record, 1984. 208. 406.. Copyright 
Wiley-Liss, a division of Wiley and Sons, Inc. Reprinted with 
permission.)
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that connections exist between the peritoneum and pleural 
spaces. Recent studies have described two separate  networks 
of lymphatic systems in the diaphragm that do not connect 
to each other,34,35 supporting the general concept that the 
�uid dynamics of the peritoneal and pleural spaces in the 
physiologic state are separate.

�e physiologic function of pleural stomata is dem-
onstrated by studies showing the clearance of arti�cial 
hydrothoraces containing labeled erythrocytes. Indeed, 
the erythrocytes are absorbed intact, almost in the same 
proportion as the liquid and protein,4 indicating that the 
major route of exit is through openings large enough to 
accommodate sheep erythrocytes (6–8 μm diameter). 
�e similar rate of absorption of these particulates along 
with the liquid and protein argues that the major route of 
clearance for all components is the same, by bulk �ow via 
lymphatics.

Of note, the pleural lymphatics have a large capacity for 
absorption. When arti�cial e�usions were instilled into 
the pleural space of awake sheep, the exit rate (0.28 mL/
(kg × h) was nearly 30 times the baseline exit rate (0.01 
mL/(kg × h).4 In a rare study of pleural �uid turnover in 
patients, Leckie and Tothill demonstrated, using labeled 
tracers, that mean lymphatic �ow was 0.22 mL/(kg × h) in 
patients with “congestive heart failure” (CHF), although 
there was great variation among subjects.36 In the balance 
between production and absorption, this large reserve 
absorptive capacity serves to resist e�usion formation. 
Nonetheless, there is a maximal rate of absorption by the 
lymphatics. Although over time this maximal rate could 
increase, for example, by increases in stomata number or 
size or by increases in lymphatic  contractility, lymphatic 
capacity sets a limit in the ability of the pleural space to 
handle excess liquid.

Water channels have been investigated as a possible 
means of absorption of pleural �uid.37,38 Aquaporins (AQPs) 
present in mesothelial cells, particularly AQP1, have been 
shown to participate in the rapid osmotic shi�s that medi-
ate movement of pure water. However, absorption of isoos-
motic liquid, such as saline, is not a�ected by the presence 
or absence of AQPs. �e conclusion remains that the most 
liquid and protein must be absorbed from the pleural space 
via the lymphatics.

In sum, in the normal setting, the transport of �uid into 
and out of the pleural space is shown in this schematic dia-
gram (Figure 5.4). Pleural �uid originates as a microvascu-
lar �ltrate of the systemic vasculature in the parietal and 
to a lesser extent in the visceral pleura. �is �uid enters 
the pleural space by moving across the leaky mesothelial 
layers along a pressure gradient into the lower pressure 
pleural space. �e liquid and protein exit the pleural space 
via the lymphatics of the parietal pleura and drain into 
the central venous system. �ere is a substantial reserve 
of lymphatic capacity, which can increase the exit rate of 
�uid when there are increases in the entry of �uid; such 
a reserve capacity may serve to keep the pleural �uid at a 
constant volume.

PATHOPHYSIOLOGY

GENERAL CONSIDERATIONS

An abnormal collection of pleural �uid can accumulate 
in the pleural space due to an increase in the entry of liq-
uid into the pleural space, due to a decrease in the exit of 
liquid from the pleural space, or most likely due to both. 
�ese accumulations of liquid, called pleural e�usions, are 
common clinical problems and associated with a myriad of 
clinical diseases. �ere are considerations that apply to all 
e�usions.

AN INCREASE IN ENTRY RATE ALONE?

From the studies of physiology, we can consider whether an 
isolated increase in the entry of liquid into the pleural space 
would be su�cient to produce an e�usion. As mentioned 
above, when excess liquid enters the pleural space, the 
absorption of pleural �uid increases, probably because more 
liquid becomes accessible to the lymphatics and because the 
pleural pressure increases. As described above, in awake 
sheep in which an arti�cial e�usion was introduced into the 
pleural space, lymphatic clearance increased to 28–30× the 
baseline rate. �us, the lymphatic clearance can accommo-
date large increases in the entry of liquid. To produce and 
maintain an e�usion, the entry of liquid must then increase 
more than 30-fold (from 0.01 to 0.28 mL/(kg × h) or from 
15 mL/day to 400 mL/day in a 60-kg person and stay at a 
high rate for the duration of the e�usion.

Clinically, we probably see some e�usions produced 
solely by an increase in production—such as when an 
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Figure 5.4 Schema of pleural fluid entry and exit in the 
normal state. The microvascular filtrate of the arterial 
blood supply flows across the leaky mesothelial layer into 
the lower-pressure pleural space (with some  reabsorption, 
as shown by dashed arrows). From the pleural space, 
pleural fluid exits via the parietal pleural lymphatics. 
(From Staub NC et al., The Pleura in Health and Disease, 
Marcel Dekker, New York, pp. 174–175, 1985. Redrawn 
with permission.)
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otherwise healthy patient is volume-overloaded suddenly in 
preparation for a surgical procedure and develops an e�u-
sion. �ese e�usions are short-lived, presumably because 
the absorption mechanisms are normal. A long-lived e�u-
sion in this setting would best be explained by an impair-
ment in the normal absorption mechanisms that would 
limit the maximal exit rate of pleural �uid.

A DECREASE IN EXIT RATE ALONE?

Let us consider, then, whether an isolated decrease in 
absorption alone would be su�cient to produce an e�usion. 
If all absorption from the pleural space should stop, how 
long would it take to produce an e�usion? At the normal 
entry rate of 0.01 mL/(kg × h) or 15 mL/day, it would take 
33 days for an e�usion of 500 mL to accumulate in the pleu-
ral space. In other words, it would take a month for an e�u-
sion to form that is large enough to be seen easily on a chest 
radiograph.

Clinically, we may see e�usions produced solely by a 
decrease in absorption—such as when transudative e�usions 
form in malignancy, where an extrapleural malignancy is 
believed to in�ltrate lymphatics draining the pleural space. 
In these cases, lymphatic absorption may gradually be 
reduced allowing the slow accumulation of relatively nor-
mal pleural �uid. In one case report, a patient was described 
who �rst presented with a transudate and negative pleu-
ral cytology who then, in less than a month, was found to 
have an exudate with positive cytology.39 One can imagine 
that e�usions can form with decreases in absorption alone, 
although the majority of e�usions probably require both an 
increase in the entry rate and a decrease in the exit rate.

AN INCREASE IN ENTRY RATE PLUS A 
DECREASE IN EXIT RATE

�erefore, it appears that most e�usions develop from both 
an increase in the entry of liquid into the pleural space and 
a decrease in the exit of liquid from the pleural space. �ese 
two conditions may develop concurrently, as with changes 
induced by the same disease, or may develop separately, at 
di�erent times and from di�erent diseases. For example, the 
exit rate may decrease gradually, as from �brosis following 
radiation or from elevation in central venous pressure due 
to right heart failure. If the entry rate remains low, the exit 
rate will remain higher than the entry rate, and no e�u-
sion will form. �us, a progressive decrease in the exit rate 
alone would be expected to be silent clinically unless the 
rate decreased below the entry rate. However, if the maxi-
mal exit rate decreases, the reserve capacity to handle sud-
den increases in pleural �uid would be a�ected. Later, if the 
entry rate of liquid increases, due to any disease, an e�usion 
could rapidly form.

Once the balance of entry and exit of pleural �uid is 
disturbed, the e�usion can continue to increase to form 
a massive e�usion that completely �lls the pleural space, 

demanding urgent clinical attention, or can reach a new 
steady state at an intermediate size. �e steady state could 
be achieved if the entry rate of liquid balances the exit rate 
at this larger pleural �uid volume. Such a balance could 
be achieved if the accumulation of pleural �uid leads to 
a decrease in the entry rate—as by the increase in pleural 
pressure or by the collapse of the underlying structures that 
are the source of the pleural �uid—and/or an increase in the 
exit rate, as by the increase in �lling pressure of lymphatics 
or the access of the pleural �uid to more stomata. �us, the 
appearance of an e�usion that remains at a constant size 
probably represents a new steady state at which entry rates 
and exit rates of liquid have now stabilized at a new level. 
�e balance of rates is achieved at the expense of an abnor-
mal volume of pleural �uid.

 INCREASES IN THE ENTRY OF PLEURAL 
FLUID

One can consider factors a�ecting the entry of liquid as sep-
arate from those a�ecting the exit of liquid. Although I have 
argued that an e�usion represents both the abnormalities 
in entry and exit rates, these processes may be a�ected by 
di�erent diseases and at di�erent times.

�e major clue to the means of production of pleural �uid 
lies in the protein concentration of the e�usion. �e protein 
concentration is determined by the degree of sieving of the 
proteins at the microvascular barrier at which the liquid 
and protein �lters across the semipermeable membranes. 
Because the protein concentration is not altered by absorp-
tion at the lymphatics, the protein concentration remains a 
relatively constant marker of the mechanism of production.

Indeed, the protein concentration is a major determi-
nant (along with lactate dehydrogenase [LDH] concentra-
tion) of the clinical characterization of e�usions as either 
transudates or exudates. �is distinction has proved to be 
extremely valuable clinically to help determine the under-
lying disease causing the e�usion. As classically described 
by Light et al., all transudates, by de�nition, have protein 
concentration ratios (pleural/serum) of less than 0.5; if the 
protein concentration ratio is above 0.5, the e�usion is an 
exudate.40

Of note, the protein concentration ratios described for 
e�usions are signi�cantly higher, even for the transudates, 
than the ratio of 0.15 found in normal pleural �uid. �is 
argues strongly that e�usions do not arise from increases 
in �ltration across normal pleural vessels. If �ltration did 
increase without a change in the vascular permeability, the 
proteins would be increasingly sieved and the protein con-
centration ratio would decrease below 0.15. �e fact that the 
protein concentration of all e�usions, even transudates, is 
higher than this ratio signi�es that e�usions arise from a 
di�erent mechanism, either from di�erent vascular beds 
with less protein sieving or from systemic pleural vessels 
with increased permeability.

Transudates most commonly arise from CHF and are 
now thought to arise from edema �uid representing a �ltrate 
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of the pulmonary circulation.10,41,42 �e pulmonary circula-
tion, compared to the systemic circulation, has a lower vas-
cular pressure and higher protein leakiness that together 
contribute to a �ltrate with a higher protein concentration 
ratio (pulmonary, 0.6–0.7 at baseline; systemic, 0.15).9 With 
increases in �ltration across pulmonary microvessels, as 
seen with le� heart failure, there is a decrease in the protein 
concentration ratio; nonetheless, the protein concentration 
ratio of the pulmonary �ltrate remains higher than that of a 
comparable systemic �ltrate (pulmonary, 0.3–0.5; systemic, 
0.1).9 �us, the protein concentration ratio of pulmonary 
edema �uid (0.3–0.5) is similar to that of transudative e�u-
sions; this observation was an important clue that transuda-
tive e�usions originate from pulmonary interstitial edema 
(see “Congestive heart failure”).

Transudates could also arise from systemic vessels, if 
perhaps there was a minor increase in leakiness. If the sys-
temic vessels were completely normal, increased �ltration 
would be expected to produce a �uid with a very low protein 
concentration ratio (<0.15). However, if the systemic vessels 
had a slight increase in microvascular permeability, one can 
imagine that a �ltrate could form from a combination of 
increased �ltration and a small increase in systemic vascu-
lar permeability that would allow a protein concentration 
ratio in the 0.3–0.5 range.

Transudates could also arise from the entry of �uid with 
a normally low pleural �uid protein concentration into the 
pleural space. Such �uids may normally be found in the 
body but have no access to the pleural space—including 
urine and cerebrospinal �uid. Also, protein-free liquids 
may be iatrogenically introduced into the pleural space—
including intravenous liquid or feeding solutions.

Exudates form from a vascular bed with a high leakiness 
to protein. �is vascular bed may be pleural or pulmonary, 
or may be anywhere in the body. Once an abnormal col-
lection of �uid forms in the body, it may �nd its way to the 
pleural space, thus explaining the wide variety of conditions 
that may cause a pleural e�usion. Nonetheless, the condi-
tion underlying the e�usion should be one in which the 
vascular bed is in�amed or injured in some way to create a 
high protein concentration; or the vascular bed may be one 
that is normally leaky to proteins. An example of the latter 
is chylothorax, which arises from the entry of thoracic duct 
lymph into the pleural space. �is lymph normally can con-
tain a high protein concentration, as evidence of the leaky 
vascular bed of origin in the gut.

Liquid enters the pleural space either across an intact 
mesothelium or across a defect in the mesothelium. In 
most cases, the mesothelium is believed to be intact. �e 
mesothelium is permeable to proteins and has not been 
demonstrated to constitute a signi�cant barrier to liquid 
and protein movement. �e large surface area of the pleural 
mesothelial surface is also an important feature in the abil-
ity of liquid to move across the mesothelium. Tears, erosion, 
or preexisting defects in the mesothelium may contribute 
to a sudden movement of liquid into the pleural space. 
Preexisting defects in the diaphragm and mesothelium may 

explain the movement of peritoneal dialysate into one pleu-
ral space of a patient undergoing dialysis for the �rst time. 
Tears in the diaphragm and mesothelium are thought to 
explain the sudden appearance of a large pleural e�usion in 
patients with longstanding ascites. Tears in the mediastinal 
pleura may explain the sudden appearance of pleural e�u-
sion in a patient noted to have a prior mediastinal collec-
tion, such as from a pancreatic pseudocyst or amebic cyst.

DECREASES IN THE EXIT OF PLEURAL 
FLUID

�ere is much less known about the details of absorption 
of pleural �uid in disease. We can argue, as above, that the 
absorptive mechanisms via lymphatics must be impaired in 
almost every e�usion although we can only speculate about 
the details.

Lymphatic �ow presumably depends �rst on the avail-
ability of liquid at the stomata and then on the patency of 
the lymphatic stomata; once the liquid has entered the lym-
phatics, the �ow will depend on the resistance (patency) of 
the lymphatic vessels, contractility of the vessels, and the 
pressures at the downstream ends of the lymphatics. It can 
be supposed that lymphatic absorption could be impaired at 
each of these points.

�e pleural �uid may not enter lymphatics if the stomata 
are occluded by an overlying �brin layer or obliterated by 
�brosis, in�ammation (acute neutrophilic, subacute, or 
chronic granulomatous in�ammation), or cancer. Once 
pleural �uid enters the lymphatics, its removal then depends 
on lymphatic patency, contractile function, and down-
stream pressures. Lymphatic vessels or lymph nodes can be 
in�ltrated by diseases without involvement of the pleural 
space. �e contractility of the lymphatics may be inhibited 
by in�ammatory cytokines, endocrine abnormalities such 
as hypothyroidism, or the e�ects of medications. At the 
�nal drainage point of the lymphatics into the central veins, 
the lymphatic �ow may be impaired by high venous pres-
sures, as is found in right-sided pressure elevation.

SPECIFIC EXAMPLES OF DISEASES 
LEADING TO EFFUSIONS

CONGESTIVE HEART FAILURE

From studies in sheep, we know that e�usions arise follow-
ing le� heart failure largely by movement of lung edema 
across the mesothelium into the pleural space.41,42 In these 
experiments, anesthetized sheep were volume-loaded to 
increase the pulmonary wedge pressure by 10–30 cm H2O. 
During the volume-loading, liquid was collected from the 
enveloped lung itself in an opened chest or, a�er the vol-
ume-loading, from the pleural space in a closed chest. In 
the �rst case, liquid began to move from the lung by about 
2 hours a�er lung edema had formed and then reached a 
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steady-state rate at a high level. �e protein concentration 
of the pleural �uid was the same as that of lung lymph and 
lung interstitial edema. In the closed pleural space, the pro-
tein concentration of pleural �uid was found to increase 
with volume loading as the �uid with a normal pleural �uid 
(ratio 0.15) was �ooded by a �uid with a higher protein con-
centration (ratio 0.3–0.45) consistent with that of pulmo-
nary interstitial edema �uid. Examination of the lung also 
showed collection of edema �uid in the subpleural intersti-
tial space, immediately adjacent to the pleural space. From 
these studies, the source of transudative pleural �uid was 
identi�ed as the lung. �e pleural space was thus shown to 
be an important route of clearance for lung edema, almost 
equivalent to that of lung lymphatics.

Imaging of patients with CHF shows the interstitial 
edema �uid that is the likely source of the transudative e�u-
sions. (Figure 5.5) �e increased size of e�usions on the right 
compared to the le� may re�ect the greater size of the right 
lung compared to the le� and thus, the greater volume of 
edema �uid available to enter the space. In studies of sheep, 
the entry of liquid into the right exceeded that in the le�;42 
however, the exit rates of �uid from right and le� sides were 
equal.4 �us, one can speculate that the increased entry on 
the right explains the commonly observed di�erence in size 
of e�usions in CHF, with the right exceeding the le�.

�e volume of liquid that can �ow from the lung is poten-
tially large. One could imagine that the entry of edema �uid 
into the pleural space could be enough to overpower even an 
increased exit rate and maintain a pleural e�usion as long 

as there was ongoing edema formation in the adjacent lung. 
Decreases in the exit rate could potentiate the formation of 
the e�usion in CHF. Impairment in lymphatic �ow and a 
reduction in exit rate might be expected as a result of eleva-
tions in right-sided pressure, as with concomitant right heart 
failure. Indeed, such elevations are probably not enough, by 
themselves, to cause an e�usion. In a study of patients with 
primary pulmonary hypertension and isolated elevated 
right-sided pressures, no pleural e�usions were found.43 
However, e�usions were found in patients with elevations 
in both pulmonary and systemic venous pressure but cor-
related best with the pulmonary venous pressure, the pul-
monary capillary wedge pressure.41 In another study, right 
heart failure has been associated with e�usions,44 although 
one could still propose that the elevated right-sided pres-
sures alone were not su�cient to produce the e�usion. Right 
heart failure could nonetheless play a role by increasing 
the tendency toward e�usion. By increasing the systemic 
venous pressure, which both increases the entry of liquid 
and increases the downstream pressure against which the 
lymphatics must pump, elevated right heart pressure can 
lower the threshold for pleural e�usions to develop. In this 
setting, there may be no e�usion present if the decreased 
exit rate is still su�cient to handle the increased entry rate. 
Perhaps then, another condition that further increases 
the entry rate or decreases the exit rate could then tip the 
balance and allow an e�usion to form. Of course, impair-
ments in lymphatic �ow could be caused by other problems 
indirectly related to CHF. For example, hypothyroidism or 

(a) (b)

Figure 5.5 Effusion from congestive heart failure. (a) Frontal chest radiograph in a patient with pulmonary edema shows 
cardiomegaly, bilateral pleural effusions (large arrows), and central interstitial thickening, including Kerley’s A lines (small 
arrow). Note that the right effusion is slightly larger than the left. (b) High-resolution axial CT scan in a patient with 
pulmonary edema showing interstitial edema with bilateral, bibasilar centrilobular ground-glass opacities (arrowhead), 
and smooth interlobular septal thickening (arrows). Bilateral pleural effusions are also present. (Courtesy of Michael B. 
Gotway, MD, Department of Radiology, Mayo Clinic Scottsdale, AZ.)
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cardiac medications could a�ect lymphatic contractility; 
in�ltrative heart diseases such as amyloid could also in�l-
trate lymphatics. Impairments of lymphatic �ow could also 
be unrelated to the heart failure, such as by prior diseases in 
the pleural space that obliterated stomata. �us, one could 
imagine that both increased entry rates and decreased exit 
rates underlie the formation of transudative e�usions in 
CHF.

When patients with CHF and large pleural e�usions 
undergo diuresis, protein concentrations of both the pleural 
�uid and the serum will increase. In most instances, the tran-
sudative protein concentration ratios (pleural/serum <0.5) 
are maintained. However, in a few cases,  these  ratios 
may move into a range considered exudative and re�ect an 
alteration in the steady state of production and absorption 
that created the e�usion.45 When faced with such a possible 
confusion, clinicians may consider the protein di�erence 
(serum-pleural �uid); if the di�erence is high (>3.1 g/dL) the 
e�usion is likely a true transudate.46

MALIGNANCY

�e origin of most pleural e�usions in malignancy is 
thought to be the pleural circulation. �e malignant e�u-
sion is usually an exudate, pointing to an increased leaki-
ness of these microvessels. Increased rates of entry are 
likely, with some malignant e�usions associated with large 
�ows, as sometimes shown by a high rate of chest thoracos-
tomy tube drainage. Increases in production are thought to 
result from in�ltration and injury of microvessels or from 
cytokines or other products of the tumor, such as vascular 
endothelial growth factor (VEGF),47,48 which increase vas-
cular permeability.

Malignancy can also decrease pleural exit rates by 
 in�ltrating lymph nodes or pleural lymphatics outside the 
pleural space or by in�ltrating them within the pleural 
space.

PARAPNEUMONIC EFFUSION

�e origin of liquid in parapneumonic e�usion may be 
either the lung, with leakage of liquid from in�amed pul-
monary vessels, or the pleura, with leakage of liquid from 
in�amed pleural vessels, into the pleural space. Along with 
the liquid may come bacteria and neutrophils, along with 
soluble in�ammatory agents such as cytokines, proteases, 
and endotoxins. �us, the entry of liquid can be expected 
to increase.

Decreases in the exit rate may be a feature as well, espe-
cially if debris from the in�ammatory process is deposited 
within or overlying the lymphatic stomata. Clearly, in some 
parapneumonic e�usions, there is a signi�cant increase 
in thickness of the pleural membranes, with deposition of 
�brin and in�ltration into the pleural membranes of cells 
and edema. At this stage, the exit of liquid from the pleural 
space is likely to be impaired.

TUBERCULOUS PLEURISY

�e origin of pleural e�usions in tuberculous pleurisy is 
again likely to be the pleural microvessels. �e entry of liq-
uid is likely to be increased by the intense in�ammation 
induced by the immunologic reaction that is a feature of 
tuberculous pleurisy. Indeed, pleural e�usions associated 
with tuberculous pleurisy may have the highest protein con-
centration ratio of any exudates.49

�e exit of liquid may also be severely impaired by the 
granulomatous involvement of the pleural membranes. 
Clinically, small biopsies of the parietal pleura are highly 
likely to reveal histologic evidence of granuloma, suggesting 
that the granulomatous involvement of the parietal pleura is 
extensive and widespread.
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Pleural inflammation

JASON S. ZOLAK AND VEENA B. ANTONY

KEY POINTS

 ● �e defense mechanisms of the pleura against the development of pleural in�ammation involve mechanical factors 
and immune responses.

 ● During pleural in�ammation, a cascade of in�ammatory cells �ows into the pleural space regulated, in part, by the 
activated mesothelial cells.

 ● In�ammation in the pleural space involves an expanding circle of oxidants, chemokines, and cytokines aimed at 
neutralizing the o�ending inciting agent.

 ● �e resolution of pleural in�ammation may leave a normal restored mesothelium or, in some cases, result in 
pleural �brosis and loss of pleural architecture.
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INTRODUCTION

�e pleural mesothelium is a monolayer of cells that may 
vary from a �attened, ovoid shape to columnar or cuboi-
dal cells that lie loosely over the underlying substructure.1 
A  unique characteristic of the pleural space is that it is a 
potential space within a closed environment. Although there 
are lymphatic connections into the pleural space, these are 
not present in extensive numbers and may change in number 
and size depending on need.2 �e lymph nodes that drain 
pleural structures include the mediastinal, intercostal, and 
sternal lymph nodes. �e connective tissue in the basement 
membrane of the pleura is a complex structure that underlies 
the surface layer of mesothelial cells and plays an important 
role in in�ammation of the pleural space.3 A large mesh-
work of capillaries that originates from the bronchial arte-
rial vessels is present in the subpleural layer. �e  parietal 

and diaphragmatic surface of the pleura is supplied by local 
blood vessels to those areas. �e volume of pleural �uid in the 
pleural space remains very small, in the range of  0.2–0.5 mL. 
�e protein content is low and the cellular content is also low 
with an absence of in�ammatory cells.4

 DEFENSE MECHANISMS OF THE 
PLEURA

MECHANICAL FACTORS

�e pleural space maintains a delicate homeostatic balance 
that can be perturbed by minute changes in the microen-
vironment. In�ammation in the pleural space can be ini-
tiated through the introduction of air, blood, organisms, 
and other particles, or even mechanical disruption of the 
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mesothelial layer. Multiple mucin-like molecules have been 
demonstrated on the pleural surface, their common char-
acteristic being the high level of glycosylated polypeptides 
containing predominantly O-linked carbohydrate side 
chains linked to serine and threonine residues and a nega-
tive charge.5–7 Pleural mesothelial cells (PMCs) are charac-
terized by the presence of strong anionic sites on the free 
surface of the mesothelium. �ese negatively charged sites 
act repulsively to maintain the pleural cavity. �ese sialo-
mucins and sulfomucins are glycoconjugates that contain 
abundant sialic acid. PMCs express CD34, a member of 
the family of sialomucins on their surface, which, through 
its negative charge, can repel foreign cells or particulates 
that might adhere to the pleural surface. �ese sialomu-
cins make the surface of the mesothelium similar to that 
of a Te�on-coated membrane, repelling the adherence of 
similarly charged cells and molecules. Removal of the sialo-
mucins from the surface of the mesothelium increases the 
adherence of bacteria and in�ammatory cells.

IMMUNE RESPONSES

Immune responses in the pleural space can be divided into 
innate and acquired immunity. One of the innate responses 
of the pleural mesothelium is the release of reactive oxygen 
species and the release of reactive nitrogen intermediates by 
mesothelial cells that have been activated by the presence 
of a stimulus. �e nitric oxide radical (·NO) is a diatomic 
molecule containing an unpaired electron that permits it 
to react with other molecules.8,9 �e reaction of ·NO with 
superoxide anion leads to the formation of the peroxyni-
trite anion (ONOO−) and peroxynitrous acid. �e induc-
ible form of NO synthase, iNOS, is capable of producing 
micromolar quantities of ·NO over a prolonged period of 
time. PMCs produce large quantities of ·NO in response to 
stimulation with cytokines, lipopolysaccaharide (LPS), and 
particulates.10 �e inducible isoform of NO synthase con-
tributes to the control of a variety of infections in the pleural 
space.

�e role of the mesothelial cell is pivotal in recruiting 
a second line of defense against in�ammatory changes in 
the pleural space. PMCs have also been described to express 
pattern recognition receptors (PRRs), which allow the 
mesothelial cell to de�ne the characteristics of an invad-
ing microorganism. Microbial molecular structures called 
pathogen-associated molecular patterns (PAMPs) such as 
lipopolysaccharides are present on their surface. Interaction 
of PAMPs–PRRs induces the release of in�ammatory cyto-
kines.11 Among the host of factors that PMCs can release 
are the critically important chemokines (both C-X-C and 
C-C chemokine families). More recently, mesothelial cells 
have been found to express fractalkine. Fractalkine has a 
unique CX3 cysteine motif near the amino terminus and 
is the �rst member of the fourth branch of the chemokine 
superfamily. �e in�ammatory trigger may be a variety of 

factors such as infection, allergens, autoantigens, alloanti-
gens, tumor cells, etc. �e trigger need not be of pleural ori-
gin, however. Systemic immunological changes may have a 
predilection for the pleura. �e proximity of PMCs to the 
underlying lung ideally positions them to respond to sig-
nals released during parenchymal stress, whether mechani-
cal, in�ammatory, or infectious. In fact, a recent study 
demonstrated the appearance of a marked in�ammatory 
MRI signal arising from the pleura 6 hours a�er inhaled 
antigen or endotoxin in rats. �e in�ammatory signal cor-
related with a histological analysis revealing severe pleural 
cavity edema.12

Human mesothelial cells also express a large number of 
integrins that play a critical role in the adherence of meso-
thelial cells to other cell types and extracellular matrix 
adhesion.13 Mesothelial cells express α2, α3, α5, β1, β3, and 
α5β3 integrins in high quantities. α1 expression is noted 
in intermediate quantities while α6 expression is low and 
seen in less than 30% of mesothelial cells. �e ability of 
mesothelial cells to adhere to the extracellular matrix is a 
function of some of these integrins. Importantly, mesothe-
lial cells also express type 1, 2, and 3 metalloproteinases, as 
well as tissue inhibitor of metalloproteinases. A balance of 
these factors is important in inhibiting adherence of other 
cells as well as in maintaining the integrity of the pleural 
monolayer.

INVASION BY PHAGOCYTIC CELLS

Elie Metchniko� described the acute in�ammatory 
response as consisting of a reaction of phagocytes against 
a harmful agent.14 �is theory put forward by Metchniko� 
over 100 years ago is classically demonstrated in the pleu-
ral space, since there is a rapid and site-directed movement 
of leukocytes into the pleura following in�ammation. �is 
transfer of leukocytes from the vascular compartment 
into the pleural space involves a multistep paradigm of 
leukocyte recruitment involving margination, capture of 
free-�owing leukocytes in the vascular compartment via 
leukocyte rolling, activation, and movement to the surface 
of the pleura. When the leukocyte encounters the pleura, 
it initiates a similar process, but with the pleural mesothe-
lial cell instead of the endothelial cell, and initiates move-
ment under the direction of chemokines, from the basilar 
surface of the mesothelium out onto the apical surface of 
the mesothelium and into the pleural space. Malignant cells 
that invade the pleural space activate similar responses.15 
Mesothelial cell expression of adhesion molecules, includ-
ing the immunoglobulins such as the intercellular adhe-
sion molecules (ICAMs) and selectins, such as L-, P-, and 
E-selectin, and other adhesion molecules such as CD44 
come into play during the movement of cells into the pleu-
ral space. L-selectin is constitutively expressed on almost 
all leukocytes as well as mesothelial cells. Selectins are 
monomeric molecules that span the plasma membrane and 
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contain complement- controlled protein-like repeats.16 �e 
calcium-dependent lectin domain at the NH2-terminus 
de�nes their ability to bind to speci�c ligands. Integrin 
expression by  leukocytes allows for �rm adhesion of the 
invading phagocytic cell to bind to the mesothelial cell. 
CD11/CD18 integrin on the surface of neutrophils binds to 
the ICAM members of the immunoglobulin superfamily 
that are expressed by mesothelial cells. �ese immunoglob-
ulins, namely ICAM-1 (CD54), ICAM-2 (CD102), ICAM-3 
(CD50), and VCAM-1 (CD106) are up regulated on meso-
thelial cells during transfer of neutrophils, mononuclear 
cells, and lymphocytes into the pleural space.17

�e pleural space has a small population of lympho-
cytes; both B-lymphocytes and T-lymphocytes.18 �e 
T-lymphocytes include γ- and δ-T cells and CD4−/CD8− 
α and β-T cells. During granulomatous in�ammation, the 
number of lymphocytes can increase dramatically, re�ect-
ing either a �-1, CD4+ T-cell predominant response in 
disease such as tuberculosis, or a CD8+ response in some 
disease as in certain lymphomas. �e production of anti-
bodies by B cells and associated lymphoid tissue is impor-
tant for resistance to infectious processes; however, little is 
known about this immune processing pathway in the pleu-
ral space.

 PARENCHYMAL INVASION BY PLEURAL 
MESOTHELIAL CELLS

While cells of the immune system tra�c to the pleural space, 
there is increasing evidence of PMC movement into the lung 
parenchyma in health and disease. A lineage-tracking study 
of the developing mouse lung demonstrated that the meso-
thelial cells covering the parenchymal surface contribute 
to several cell types in the lung, including vascular smooth 
muscle cells and possibly alveolar myo�broblasts and inter-
stitial �broblasts.19 �e ability of PMCs to undergo transfor-
mation and migration plays a crucial role in the developing 
lung. PMC transformation into myo�broblasts and hapto-
tactic migration occurs in response to TGF-β1 in vitro.20 In 
animal models, PMCs undergo mesothelial–mesenchymal 
transition and invade the lung in response to in�ammatory 
and �brogenic stimuli. �is PMC-parenchymal invasion 
may contribute to lung disease. Intrapleural heme oxygen-
ase-1 (HO-1) induction inhibits pleural mesothelial di�er-
entiation and parenchymal migration in animal models and 
reverses the �brotic disposition of PMCs from patients with 
idiopathic pulmonary �brosis.21 HO-1 is the inducible form 
of the rate-limiting enzyme involved in the degradation of 
heme with the generation of equimolar quantities of carbon 
monoxide (CO), iron, and biliverdin.22 HO-1 induction with 
subsequent production of CO is sensitive to many stimuli 
and cellular insults that cause oxidative stress.23 �is induc-
tion represents a bene�cial response to injurious stimuli in 
diverse diseases. �e protective e�ects of HO-1 and CO are 
due to anti-in�ammatory, antiapoptotic, antioxidant, and 

antiproliferative properties.24 HO-1 likely has multiple roles 
in pleural in�ammation, infection, and �brosis. Indeed, 
HO-1-de�cient mice display enhanced pleural �brotic 
responses.21

PLEURAL INFLAMMATORY CELLS

NEUTROPHILS

�e mesothelium remains the �rst line of defense for the 
pleura; however, a wave of phagocytic cells enters the 
pleural space during the process of in�ammation, form-
ing a second line of defense. Neutrophils enter the pleural 
space via diapedesis across the pleural monolayer. �e pat-
tern of migration is not unique since it closely follows the 
migratory patterns and pathways of in�ammation where 
recruited neutrophils tra�c. Under normal conditions, it is 
rare to �nd neutrophils in the pleural space; however, dur-
ing in�ammation there is a rapid turnover of neutrophils 
here. Interestingly, the mesothelial cell has been found to 
regulate the process of neutrophil apoptosis or programmed 
cell death, by release of factors such as granulocyte/macro-
phage colony-stimulating factor (GM-CSF), which inhibits 
apoptosis during pleural responses to infections.25

MONONUCLEAR CELLS

Mesothelial cells recruit signi�cant numbers of mononu-
clear cells to the pleural space during a variety of infections. 
�is in�ammation may be strong and persistent in response 
to infections such as tuberculosis.26 Mesothelial cells release 
several C-C chemokines, which recruit mononuclear cells 
to the pleural space. Among the C-C chemokines are 
regulated upon activation normally T cell expressed and 
secreted (RANTES) and monocyte chemoattractant pro-
tein  (MCP-1)-1, -2, -3. �e expression of C-C receptors, spe-
ci�cally CCR2 on mononuclear cells, is regulated in part 
by factors produced at local sites of in�ammation such as 
the pleural space. �us, CCR2 expression is high while the 
mononuclear cells are in the peripheral blood circulation, 
but is signi�cantly reduced when the mononuclear cells 
reach the pleural space. �is mechanism serves to local-
ize and immobilize the monocytes once they reach the 
pleural cavity.27

EOSINOPHILS

Eosinophils are identi�ed as playing an important role in 
the pathogenesis of idiopathic or allergic responses to pleu-
ral injury, parasitic diseases, the presence of air or blood in 
the pleural space, and in hypersensitivity responses to cer-
tain drugs.28 �e mechanisms and control of the accumula-
tion of these cells in the pleural space are unclear.
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INITIATION OF INFLAMMATION

�e mesothelial cell plays a critical role in the initiation of 
in�ammatory responses in the pleural space because it is 
the �rst cell to recognize the invasion of the pleural space. 
Pleural in�ammation is not only associated with an in�ux 
of a large number of in�ammatory cells, but also with a 
transfer of proteins and a change in the permeability of the 
pleura. PMCs release chemokines in a polar fashion, with 
a higher concentration being released on the apical sur-
face, which leads to directed migration of phagocytic cells 
into the pleural space. However, the mechanisms whereby 
pleural integrity to proteins and �uid is breached with 
the development of an exudative high-protein-containing 
e�usion are unclear. Pleural mesothelial cell release of 
reactive nitrogen intermediates has been demonstrated 
to lead to the accumulation of transcription factors such 
as hypoxia-inducible transcription 1α (HIF-1α) as well as 
nuclear factor (NF)-ΚB. HIF-1α is a heterodimer composed 
of a basic helix-loop-helix PAS domain containing proteins 
HIF-1α and aryl hydrocarbon receptor nuclear translocator 
(ARNT), also known as HIF-1β.29–32 HIF-1α accumulates 
under multiple pathophysiological conditions, including 
hypoxia, hence its name. It has been documented, however, 
to accumulate in PMCs that have been stimulated via release 
of ·NO and other in�ammatory mediators. �e availability 
of HIF-1β is mainly determined by HIF-1α. HIF-1α dimer-
izes with HIF-1β, translocates to the nucleus, and binds to 
the target DNA sequence in the promoter region of di�erent 
genes. HIF-1α response correlates with ·NO formation, and 
administration of iNOS inhibitor carboxy-2phenyl-4,4,5,  
5-tetramethylimidazide-1-oxyl-3ocide (carboxy PTIO) to 
scavenge ·NO suppresses HIF-1α accumulation. Among 
other factors that cause an increase in accumulation of 
HIF-1α are thrombin, platelet-derived growth factor, and 
angiotensin-2. A critically important regulatory cyto-
kine in the pleural space is vascular permeability factor– 
vascular endothelial growth factor (VPF/VGEF).33 �is 
is  up-regulated in mesothelial cells through an HIF-1 
dependent pathway. It is a 35–43 kDa dimeric polypeptide 
expressed in several isoforms that result from alternative 
mRNA splicing of a single gene.34 It was initially discov-
ered because of its ability to increase vascular permeability. 
�e molecule was �rst called VPF. It is now recognized as 
a pivotal angiogenic factor mediating neovascularization 
under many conditions, but remains an extremely potent 
inducer of permeability.35 Recent reports demonstrate that 
VPF/VEGF plays a central role in the formation of  ascites 
and pleural e�usions in animal models.36 In patients with 
in�ammatory pleural e�usions such as empyema and 
tuberculosis, a signi�cant amount of VEGF is found in 
the  pleural �uids. Interestingly, recent investigations sug-
gest that VEGF is essential for formation of pleural �uid in 
 animal models of lung cancer-induced pleural e�usions.37

�e major ubiquitous type of mesothelial cell–cell junc-
tion is adherens junctions whose primary proteins are 

N-cadherins and β-catenins.38,39 Dysregulation of these 
proteins causes intercellular gap formation and increases 
permeability to cells, �uids, and proteins. �e mesothe-
lium is a continuous monolayer of cells linked by adhe-
sive structures which are involved in the control of pleural 
permeability to plasma proteins, phagocytic cells, and also 
allow for cell polarity.40 It is the most common connecting 
cell–cell link between mesothelial cells. �is cadherin fam-
ily of proteins is a major class of cell adhesion molecules 
that mediates calcium-dependent cell–cell interactions.41 
�ese transmembrane cadherin proteins function as a zip-
per between cells, allowing for a change in permeability to 
occur via signaling mechanisms that lead to contraction 
of the intracellular actin cytoskeletal �laments and to gap 
formation between mesothelial cells.42 Neural cadherin 
is a major cadherin in PMCs. When adherens junctions 
are stabilized under normal conditions, the majority of 
N-cadherin loses tyrosine phosphorylation and combines 
with plakoglobin and actin; however, when cells have weak 
junctions, N-cadherin is heavily phosphorylated in tyro-
sine and there is also decreased expression of β-catenin.43 
�us, N-cadherin and β-catenin are critical determinants 
of mesothelial paracellular permeability. �is interaction is 
a dynamic one, since permeability is reversible. Monoclonal 
antibodies directed against N-cadherin modulate pleural 
permeability. �e integrity of the pleural mesothelium is 
dependent on the organization of these intermesothelial 
adherens junctions. Tumor cells have been shown to cause 
gap formation between mesothelial cells, as have been bac-
teria such as Staphylococcus aureus. An infectious agent can 
initiate a cascade of events which include release of nitric 
oxide and production of VPF/VEGF through accumula-
tion of HIF-1α. VEGF down-regulates both cadherins and 
catenins, which leads to increased pleural permeability and 
movement of cells, proteins, and �uid across the intermeso-
thelial gaps, leading to pleural e�usion formation.

 PERPETUATION OF INFLAMMATION

Following initiation of the in�ammatory process, several 
mediators—cells and extracellular matrix proteins—play 
a critical role in perpetuating the process of in�amma-
tion. An example of an extracellular matrix protein that 
plays a role in perpetuation of in�ammation is hyaluron, 
which is a high molecular weight protein produced by 
mesothelial cells, both under normal and in�ammatory 
conditions. Hyaluron is composed of repeating disaccha-
ride units β-1, a 3-N acetal glucose minal-1,4 glucuronide 
and is present in the pericellular and extracellular matrix 
of mesothelial cells.44 �is high molecular weight hyal-
uron is a relatively inactive component, but when it under-
goes hydrolysis, it produces fragments of low molecular 
weight, which may mediate multiple processes. Hyaluron 
interacts with speci�c malignant cell receptors such as 
CD44 and the receptor for hyaluron mediated motility 
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(RHAMM).45 We have demonstrated that the standard 
isoform, CD44s, which does not contain variant exon 
product and is highly expressed in malignant breast can-
cer cells, is a speci�c mechanism whereby breast cancer 
cells adhere to PMCs.46 Addition of CD44s antibody to the 
media blocks adherence of malignant breast cancer MCF7 
cells to mesothelial monolayers.47 �e degree of adherence 
can be regulated by the presence or absence of the vari-
ant exon products. �e CD44-hyaluron complex is inter-
nalized by malignant cells, whereupon acid hydrolases in 
lysosomal compartments break it down via hydrolysis to 
several small, activated low molecular weight fragments 
that then can participate in the migration process of a 
malignant cell through the pleural surface. Hyaluron is 
acted upon by lysosomal hyaluronidase allowing for the 
cleavage of N-acetal  hexoami nidic linkages with a series 
of saccharides being formed.48 �e oligosaccharides are 
chemoattractant for tumor cells. �ey also are growth 
factors for malignant cells and can mediate permeability 
of the monolayer. �ese fragments of hyaluron, because 
of their ability to perpetuate the process of in�amma-
tion by attracting malignant cells and mononuclear cells, 
change the cell population in the pleural space during 
the process of development of metastatic pleural e�u-
sions.49 Mesothelial cells also produce other extracellular 
matrix proteins such as �bronectin, collagen-1, and col-
lagen-4, which may be active in perpetuating the process 
of in�ammation by further recruiting in�ammatory cells 
and mediating permeability.

RESOLUTION AND REPAIR

�e process of resolution of pleural in�ammation is just 
beginning to be elucidated. It is recognized that the life-
span of the in�ammatory responses in the pleural space is 
in part regulated by the mesothelial cell, which can control 
apoptosis or programmed cell death of neutrophils, mono-
cytes, and lymphocytes. Mesothelial cell release of GM-CSF 
inhibits apoptosis via modulation of the Bcl-x1. It is impor-
tant to note that pleural space in�ammation may eventu-
ally result in either a normal pleural mesothelial monolayer 
without the presence of remodeling and �brosis or in the 
development of multiple adhesions, �brosis, and loss of the 
integrity of the pleural membranes. �e factors that direct 
the process of remodeling of the pleura remain unclear. 
Importantly, under certain circumstances, pleural sclero-
sis is a de�ned therapeutic goal. In patients with malignant 
e�usions or in patients with pneumothorax, in�ammation 
is produced via the introduction of talc or other agents into 
the pleural space. An exuberant �brotic response develops 
on both the surfaces of the pleura, connecting the two and 
obliterating di�erentiating margins. �e study of this pro-
cess has allowed some insights into the mechanisms of pleu-
ral �brosis. Patients that had pleurodesis attempted via talc 
insu�ation had a rapid and marked increase in the amount 

of basic �broblast growth factor (b-FGF) in the pleural 
�uid.50 PMCs stimulated by talc also release b-FGF in vitro. 
�is process is inhibited in vitro through the use of cyclo-
heximide, which prevents protein synthesis, or by the use 
of colchicine, which prevents phagocytosis and adherence 
of talc. �us, it appears that when studied in vitro, meso-
thelial cells were required to phagocytose or adhere to talc 
particles prior to release of b-FGF. Mesothelial cells also 
actively synthesized b-FGF. An interesting and important 
�nding was that in patients there was a signi�cant inverse 
correlation between release of b-FGF into the pleural space 
and tumor size, as evaluated by an objective grading scale 
during thoracoscopy. �is implies that pleurodesis requires 
the presence of normal mesothelial cells to release growth 
factors for �broblasts.

 INHIBITION OF PLEURAL 
INFLAMMATORY RESPONSES

Under certain circumstances such as malignancy and 
acquired immune de�ciency syndrome (AIDS), there is 
an inhibition of normal pleural in�ammatory responses 
leading to deleterious end results for the host. �e inter-
action of malignant and mesothelial cells, as well as their 
extracellular matrix, is an example of one of the multiple 
pathways that allows malignant cells to elude control by 
the host and local regulatory cells, such as the mesothelial 
cell. Tumor cells, for example, may themselves produce 
large amounts of VEGF and growth factors that allow auto-
crine regulation of their ability to grow. Mesothelial cells 
may themselves produce interleukin-8, which contains the 
Glu-Leu-Arg (ELR) motif making it an autocrine growth 
factor and an angiogenic factor.51 During angiogenesis, 
new vessels emerge from existing endothelial cells. �is 
invasive process allows feeder blood vessels to be generated 
near and within the tumor tissue. Although mesothelial 
cells have recently been recognized as producing signi�-
cant antiangiogenic factors, such as endostatin, their role 
in defense mechanisms against invasion by malignant cells 
is still unclear. In disease such as AIDS, multiple systemic 
responses are weakened, which makes the patient suscep-
tible to opportunistic infections. Patients with AIDS have 
a higher incidence of the development of parapneumonic 
e�usions, both uncomplicated and complicated, as well as 
higher incidence of e�usions secondary to diseases such as 
tuberculosis, where delayed hypersensitivity responses are 
key.38 Kaposi’s sarcoma is also known to readily metasta-
size from the lung into the pleural space. It appears that 
the mesothelial cell loses its regulatory capabilities when 
the host is immune- compromised. In patients with tuber-
culous pleural e�usions, the mechanisms of development 
of pleural e�usions are now being described. It appears not 
only is there loss of the �-1 cells and cytokines, but also 
other local immune responses regulated by the mesothelial 
cell are abnormal.
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KEY POINTS

 ● Aberrant �brin turnover and extravascular �brin deposition characterize pleural injury and its repair.
 ● Enhanced local expression of procoagulants and plasminogen activator inhibitor-1 maintain �brinous adhesions 

that form between the visceral and parietal pleural surfaces in organizing pleural injury.
 ● Mesomesenchymal transition is initiated by exposure of the pleural mesothelium to procoagulants; thrombin and 

factor Xa as well as urokinase plasminogen activator and plasmin contribute to organization of the pleural surface 
a�er acute injury.

 ● Intrapleural �brinolytic therapy is generally e�ective in pediatric pleural infection associated with impaired 
drainage while variably e�ective in adults. Empiric dosing, the o�-label use of �brinolysins, and paucity of 
toxicologic vetting and of dose-escalation safety trials may contribute to the disparate results of intrapleural 
�brinolytic therapy as currently used.

 ● �e place of intrapleural �brinolytic therapy in the management of pleural loculation is still a matter of vigorous 
debate, but recent clinical trial testing indicates that the approach can be re�ned to clinical advantage, and new 
approaches are in development.

 OVERVIEW: THE PATHOGENESIS OF 
PLEURAL FIBROSIS AND DISORDERED 
FIBRIN TURNOVER

Abnormalities of pathways of �brin turnover and aber-
rant extravascular �brin deposition characterize pleural 
injury and repair. Pleural adhesions that bridge the visceral 

and parietal pleural surfaces are �brinous and undergo 
 remodeling with subsequent �brotic repair. Transitional 
�brin that coats the surface of the lung can likewise undergo 
scari�cation leading to restrictive lung sequellae. As in other 
organ systems, the pathogenesis of pleural �brosis recapitu-
lates events associated with the progression of �brotic repair 
during wound healing.1 Among several pathways associated 
with innate immunity and tissue repair, procoagulant and 
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�brinolytic systems are locally altered in pleural injury and 
assume special importance in its outcome. Complex inter-
actions between coagulation, �brinolysis, and other proin-
�ammatory pathways contribute to the remodeling process 
and pleural �brosis.

A large body of clinical, preclinical, and basic investiga-
tion lends strong support to the hypothesis that disordered 
�brin turnover and speci�c pathways of coagulation and 
�brinolysis are integral to pleural remodeling and �brosis.2,3 
It has long been postulated that �brin strands within orga-
nizing pleural exudates are responsible for loculation, and 
that clearance of intrapleural �brin by intrapleural admin-
istration of �brinolysins is of therapeutic value. Along 
these lines, Tillett and Sherry4 pioneered the use of strep-
tokinase or streptodornase to break up pleural loculations:  
�brinous networks that sequester in�ammatory �uid and 
impair pleural drainage in parapneumonic e�usions or 
hemothoraces. Since then, a number of �brinolysins have 
been used to clear pleural loculations and enhance pleural 
drainage. �ese include urokinase plasminogen activator 
(uPA) and tissue plasminogen activator (tPA). Intrapleural 
�brinolytic therapy (IPFT) continues to be widely used in 
clinical practice. At present, this approach appears to work 
well in pediatric pleural infections, whereas IPFT in adults 
is variably e�ective as currently used.

�e morphology of pleural injury provides additional 
evidence that aberrant �brin turnover contributes to the 
outcome of pleural injury. Intrapleural �brin is not observed 
in the normal pleural compartment, but extravascular 
�brin deposition at the visceral and parietal pleural sur-
faces is characteristic of early pleural injury.2,5 Preclinical 
observations support the clinical view that pleural adhe-
sions are �brinous. For example, in tetracycline (TCN)-
induced pleural injury in rabbits, intrapleural adhesions 
rapidly form within the pleural space. Adhesions between 
the visceral and parietal pleural surfaces that form within 
1 day a�er pleural injury are rich in �brin, as con�rmed by 
immunohistochemical (IHC) analyses.5 Collagen �bers are 
detectable within 3 days of pleural injury in this model.6 
�ese observations indicate that the progression of organiz-
ing pleural injury involves rapid deposition of transitional 
�brin, which can undergo remodeling.

 LINKAGE BETWEEN DISORDERED 
FIBRIN TURNOVER AND FIBROSIS

Within the pleural compartment, the genesis and subse-
quent remodeling of transitional �brin recapitulates the 
progression observed in virtually all forms of tissue injury. 
Acute in�ammation induces microvascular permeability 
that facilitates entry of coagulation and �brinolytic proteins 
into pleural �uids (PFs).7 In addition, tissue factor (TF) is 
induced, which triggers initiation of coagulation at in�am-
matory foci.1,3 Transitional �brin undergoes organization 

and remodeling by in�ammatory cells that invade the 
�brinous neomatrix. Locally expressed proin�ammatory 
mediators stimulate these cells to express components of 
the �brinolytic system through which plasmin is locally 
elaborated to remodel intrapleural �brin. Alterations in the 
balance of procoagulant activity and the local elaboration of 
plasminogen activators (PAs) are key determinants of local 
�brinolytic capacity and the outcome of pleural injury.

 COAGULATION AND PLEURAL INJURY

�e “normal” quiescent pleural mesothelium is composed 
of a thin layer of mesothelial cells supported by several lay-
ers of underlying connective and elastic tissues. Injury to 
the mesothelium is characteristic of in�ammation of the 
pleural space. Pleural in�ammation is itself characterized 
by the increased expression of proin�ammatory cytokines 
and the appearance of in�ammatory cells associated with a 
range of insults, including infection, vascular injury as may 
occur in collagen vascular diseases, pleural neoplasia, and 
exposure to particulates, including asbestos. In response to 
injury, the pleural mesothelium secretes proin�ammatory 
factors, such as tumor necrosis factor-α and interleukin-1β. 
Local elaboration of these mediators increases the expres-
sion of adhesion molecules on the surface of the pleural 
mesothelium. �ese include cellular adhesion molecules 
(intercellular adhesion molecule and vascular cellular adhe-
sion molecule), E- and N-cadherin, and selectins. Increased 
expression of these adhesion molecules facilitates the 
adherence of recruited in�ammatory cells including mac-
rophages and neutrophils. Tethering of in�ammatory cells 
may amplify local tissue injury and the elaboration of pro-
in�ammatory mediators in the pleural space. As a result, 
the integrity of the local microvasculature is disrupted with 
egress of plasma-like �uid across the relatively permeable 
mesothelial barrier. �is promotes formation of pleural 
e�usions and their organization. Although the coagula-
tion pathway is important for the maintenance of pleural 
homeostasis and repair a�er injury, augmented intrapleural 
coagulation can promote maintenance of pleural adhesions 
or loculation. In human pleural injury, sustained procoagu-
lant activity occurs in association with concurrent impair-
ment of local �brinolysis.8,9 �ese observations con�rm 
that the balance of intrapleural �brin turnover is changed 
to favor initiation of coagulation in the setting of pleural 
injury.

�e major source of procoagulant activity present in 
pleural e�usions is TF.9 PF TF likely originates from sev-
eral cell types found in the pleural compartment, including 
mesothelial cells, macrophages, and lung �broblasts.7,10–12 
Although the procoagulant potential of the normal pleu-
ral space is relatively low, the in�ammatory environment 
associated with pleural injury increases TF expression in 
pleural mesothelial cells.13 Pleural e�usions also contain 
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appreciable levels of coagulation proteins, including �brin-
ogen and factors II (prothrombin) and X.14 Further, exuda-
tive e�usions generally contain more of these procoagulant 
factors than transudative e�usions. Coagulation is initiated 
when TF binds activated VII (VIIa). �is complex activates 
Factor  X, which then converts prothrombin to its active 
form, thrombin (IIa). �rombin expressed within PFs then 
converts �brinogen to �brin, forming the transitional intra-
pleural neomatrix. Tissue factor pathway inhibitor (TFPI) 
has been identi�ed in pleural e�usions from patients and 
in pleural e�usions from rabbits with TCN-induced pleu-
ral �brosis.5,15 Further, pleural mesothelial cells, as well as 
lung �broblasts, elaborate both TF and TFPI in vitro and in 
vivo.15 It appears that intrapleural elaboration of TF activity 
exceeds that of TFPI under in�ammatory conditions, given 
the strong activation of coagulation and intrapleural �brin 
deposition that occurs in pleural injury.3

�e preclinical experience with anticoagulants for the 
treatment of pleural loculation is limited. �e early admini- 
stration of heparin can interrupt pleural adhesion formation 
in the TCN model in rabbits and when given immediately 
a�er injury, the e�ects are comparable to the protection 
seen with intrapleural administration of active, two-chain 
urokinase.16 �is approach is, however, unlikely to clear 
adhesions that are established. �us, intrapleural antico-
agulants have not been applied in clinical practice. Whether 
selective Xa or thrombin inhibitors could exert salutary 
e�ects through inhibition of the myo�broblast population 
that may occur in pleural injury is currently unclear.

 FIBRINOLYSIS AND PLEURAL INJURY

Pleural injury is characterized by a severe suppression of 
the �brinolytic system. Although endogenous plasminogen 
(PLG) is present in the injured pleural space, plasminogen-
activating (PA) activity is completely inhibited by a signi�-
cantly elevated (up to three orders of magnitude) level of 
plasminogen activator inhibitor-1 (PAI-1).9,17 A PA inhibi-
tion with simultaneous derangement of �brin turnover 
cause massive intrapleural �brin deposition to occur.

Despite decades of intensive studies, IPFT for  loculated 
pleural e�usions or pleural infection remains contro-
versial.3,18 Our lack of understanding of the molecular 
mechanisms of intrapleural �brinolysis likely contributes 
to the variable outcomes of IPFT as currently used. IPFT 
is based on the activation of endogenous PLG providing 
sustained �brinolytic activity that degrades intrapleural 
�brin. �us, the rate of intrapleural inactivation of a �bri-
nolysin administered and the level of endogenous PLG 
present, together with a high level of active PAI-1 and 
extracellular (Ec) DNA,19 decreased pH, formation of bio-
�lms, and the degree of loculation could a�ect the clinical 
outcome of IPFT.

Although much preclinical and clinical data are avail-
able on the regulation of �brinolysis in the bloodstream, the 
mechanisms governing �brinolysis in the pleural space are 
less well understood. In the circulation, tPA, uPA, and other 
serine proteinases interact quickly with corresponding ser-
pin and slowly with α-macroglobulins (αM), resulting in 
rapid clearance through the low-density lipoprotein-like 
receptor-mediated uptake.20,21 In contrast, an injured pleu-
ral space is a rather unique and isolated compartment that 
contains loculated, exudative �uid with levels of PAI-1 that 
are markedly increased compared to plasma.9,17

An essential requirement for understanding the under-
lying mechanisms that govern intrapleural �brinolysis and 
thus improve IPFT is the development of animal models 
that closely recapitulate human disease. Two rabbit models 
are currently in use for this purpose: the TCN-mediated 
model of pleural injury16 and the Pasteurella multocida–
induced empyema (EMP) model that lacks adhesion forma-
tion.22,23 Recently, a rabbit EMP model that demonstrates 
adhesions and recapitulates the clinical manifestations and 
critical molecular signatures (high level of active PAI-1, 
high level of Ec DNA) observed in humans was developed.24 
�ese models are amenable to the testing of new and poten-
tially more e�ective forms of IPFT.

Single-chain urokinase plasminogen activator (scuPA) 
is a relatively PAI-1 resistant and bioavailable �brinolysin 
that is in development for clinical trial testing as a new form 
of IPFT. �e molecular mechanisms25 governing the early 
(0–80 minutes) processing of intrapleural scuPA26–28 are 
shown in Figure 7.1. As soon as a bolus injection of the e�ec-
tive dose of scuPA enters the injured rabbit pleural space, 
it is rapidly activated (in 0–10 minutes) to the mature two-
chain (tc) enzyme, which is susceptible to fast intrapleural 
inactivation.25 �ere are three major routes (arrows A–C, 
Figure 7.1) through which more than 90% of scuPA is pro-
cessed in the �rst 1.5–2.0 hours a�er injection.25 In the �rst 
route (arrow A, Figure 7.1) all of the endogenous active PAI-1 
(5–20 nM25,28) inhibits stoichiometric amounts of uPA. �e 
second-order rate constant of the reaction is di�usion lim-
ited (kass > 106 M−1·s−1) for two-chain urokinase plasmino-
gen activator (tcuPA) and the active species of scuPA.29,30 
Since the initial intrapleural concentration of scuPA dur-
ing IPFT approaches micromolar levels, only 1%–2% of the 
enzyme initially interacts with PAI-1. �e majority of the 
enzyme (more than 80%) is rapidly inactivated through a 
PAI-1 independent mechanism, which includes two (fast 
and slow t1/2 = 2–5 and 40 minutes, respectively) phases 
(Figure 7.1, arrow B).25 Finally, the third route (arrow C, 
Figure 7.1) of intrapleural uPA processing includes interac-
tion with endogenous active αMs, two of which are pres-
ent in rabbits (Figure 7.1).25,30 More than 10% of uPA form 
“molecular cage” type complexes with endogenous active 
αM, the intrapleural concentration of which approaches 
260 nM 80 minutes a�er IPFT.25 When complexed with αM, 
the enzyme retains its high activity toward low molecular 
weight substrates and inhibitors but is screened from high 
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molecular weight ones—PLG and PAI-1, respectively. Due 
to its extended half-life (3.0–3.5 hours), αM/uPA become 
a major intrapleural reservoir of the active enzyme in 
the 2-4 hours a�er IPFT (Figure 7.1). Although it has been 
shown that human α2M/uPA possess up to 1%–2% of the PA 
activity of uPA,25,31 it is di�cult to distinguish between the 

endogenous activity of α2M/uPA and uPA that could form 
as a result of degradation of the complex (dark gray pro-
tein backbone structure; Figure 7.1). �is uPA together with 
the residual, free uPA (light gray protein backbone struc-
ture, Figure 7.1) from the bolus injection and endogenously 
synthesized uPA and tPA (not shown) rapidly interact with 
de-novo synthesized PAI-1. Until the total concentration of 
endogenous and exogenous PA exceeds active PAI-1, sus-
tained intrapleural PA activity converts newly synthesized 
PLG to plasmin and maintains durable �brinolytic activity.

On the other hand, as soon as a supply of active PAI-1 
(5–20 nM in rabbits with TCN-induced pleural injury) 
overcomes residual PA activity, endogenous PLG accumu-
lates. �us, we hypothesize that maintaining intrapleural 
PA activity for a longer time results in an increase in the 
exposure of �brin to sustained amounts of endogenous 
plasmin with successful IPFT in TCN-induced pleural 
injury in rabbits. �us, when scuPA, also called prouroki-
nase, is used as a �brinolysin in IPFT, αM/uPA complexes 
in rabbits contribute to the total intrapleural PA activity for 
2–24 hours a�er IPFT in this model (Figure 7.1). Notably, in 
both TCN-induced pleural injury in rabbits, and human as 
well as rabbit EMP, PFs possess signi�cant levels of active 
αM and active PAI-1.25,28,30,32 �erefore, processing of scuPA 
in the human pleural space is likely similar to that in rab-
bits with pleural injury (Figure 7.1).25 Moreover, like in rab-
bit PFs, high levels of active α2M in human PFs enable the 
formation of αM/uPA complexes under conditions of IPFT, 
resulting in a signi�cant increase in the half-life of active 
uPA (Figure 7.1).

Since the level of endogenous active PAI-1 becomes a 
critical factor in the regulation of intrapleural PA activity 
within 4–5 hours a�er IPFT,25 its inhibition becomes an 
attractive strategy to increase the e�cacy of IPFT. Based 
on the mechanism of scuPA processing (Figure 7.1), in 
vivo inhibition of PAI-1 would protect intrapleural uPA 
for a longer time and result in an increase in the e�cacy 
of IPFT due to increased activation of endogenous PLG 
(Figure 7.1). Active PAI-1, which exists in a kinetically 
trapped, metastable conformation, has a short half-life 
(t1/2 = 1.5–2.0 hours under physiological conditions) due 
to spontaneous transition to the inactive, latent conforma-
tion.33 Although binding vitronectin (Vn) stabilizes active 
PAI-1 by 1.5–2.0-fold,34,35 spontaneous inactivation limits 
the activity of PAI-1 in vivo and prevents its accumula-
tion. �us, de novo synthesis of PAI-1 maintains the high 
level of endogenous PAI-1 inhibitory activity. Although a 
number of low molecular weight inhibitors of PAI-1 are 
available,36–39 monoclonal antibodies (mAbs) remain the 
most e�ective and speci�c agents for PAI-1 neutraliza-
tion.36 Among several mechanisms of PAI-1 inactivation 
by mAbs,36,37 redirection of the PAI-1 reaction from the 
inhibitory to the substrate branch remains one of the best 
studied and most e�ective.36,37,40–43 Since one molecule of 
PAI-1 inhibits one molecule of the target proteinase (tPA or 
uPA), the stoichiometry of inhibition (SI) for the reaction44 
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Figure 7.1 The mechanism of single-chain urokinase 
plasminogen activator (scuPA) processing in tetracycline-
induced pleural injury in rabbits. Intrapleural prourokinase 
processing includes three major steps:25 (i) fast 
activation of scuPA to two-chain urokinase plasminogen 
activator (uPA) (light tube uPA structure) and complete 
neutralization of endogenous active plasminogen activator 
inhibitor-1 (PAI-1) (arrow A); (ii) two-step (60%–70% and 
30%–40% of uPA with half-lives 2–3 and 40 ± 10 minutes, 
respectively) inactivation of two-chain uPA (arrow B) 
with simultaneous formation of up to 260 ± 70 nM of 
α-macroglobulin (αM)/uPA (arrow C); (iii) slow degradation 
(t1/2 = 3.0–3.5 hours) of intrapleural αM/uPA complexes 
resulting in free, active uPA (dark tube uPA structure).25 In 
1.5–2.0 h after intrapleural fibrinolytic therapy (IPFT) αM/
uPA becomes the major reservoir of intrapleural active 
uPA (up to 10% of the initially administered scuPA). uPA 
that is generated as a result of the slow degradation of 
αM/uPA complexes between 2 and 24 hours (dark tube 
uPA structure) contributes to the total intrapleural PA 
activity, together with residual free uPA and endogenous 
tissue plasminogen activator and uPA (not shown). 
Plasmin (PL), which accumulates in the injured pleural 
space due to continuous activation of plasminogen (PLG), 
is replenished over time (2–24 hours) by extravasation 
from the inflamed, hyperpermeable pleural vasculation, 
providing durable fibrinolytic activity and contributing 
to a favorable outcome after IPFT. As long as the total 
PA activity exceeds the level of active PAI-1, extended 
exposure of intrapleural fibrin to endogenous plasmin 
results in adhesion clearance On the other hand, as soon 
as endogenous active PAI-1 quenches the intrapleural 
PA activity present, fibrinolysis stops and the level of 
endogenous PLG increases.
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is close to unity. Anti-human PAI-1 mAbs, MA-8H9D4 
and MA-55F4C12 or MA-33H1F7 additively redirect more 
than 95% of the reaction with uPA or tPA to the substrate 
pathway,40 resulting in an increase of the SI from 1 to more 
than 20. Moreover, Vn, which binds PAI-1 with nanomolar 
a�nity,45–47 potentiates PAI-1 neutralization by mAbs.41–43 
Using PAI-1 neutralizing mAbs should result in the pro-
tection of intrapleural uPA, increasing its half-life, as well 
as the formation of α2M/uPA complexes, thereby decreas-
ing the e�ective dose of a �brinolysin and increasing the 
e�cacy of IPFT (Figure 7.1). �e use of a PAI-1 targeting 
approach to protect and prolong the half-life of a �brinoly-
sin during IPFT could provide additional bene�ts, includ-
ing increased safety and durability and enhance the e�cacy 
of low doses of the �brinolysin.

Among the multitude of factors that a�ect �brinolysis 
during IPFT, the level of expression of endogenous PLG and 
α2-antiplasmin could play signi�cant roles. Since neither 
uPA nor tPA degrades �brin, PLG is required to generate 
plasmin, which lyses �brin. Ec DNA can also substantively 
a�ect �brinolysis. �e Ec DNA, which can be as concen-
trated as 0.1 mg/mL in EMP, binds tPA and uPA, a�ecting 
the rates of their reactions with PLG and PAI-1.19 Moreover, 
DNA in PFs also competes with �brin for plasmin. DNA-
bound plasmin is unprotected from inhibition with 
 α2-antiplasmin.19 Finally, DNA, when incorporated into 
a �brin mesh, inhibits �brin degradation by plasmin and 
slows the rate of �brinolysis.19 In summary, recent progress 
in understanding the mechanisms that govern intrapleural 
�brinolysis and �brinolysin processing have built a founda-
tion for the development of e�ective, mechanism-driven 
IPFT. Given the great variability of PF components includ-
ing PAI-1 and DNA between patients, another component 
of future success may be the use of precision testing to assess 
the �brinolytic potential of a given patient and optimize the 
dosing of IPFT. �is intriguing possibility is in the incipient 
stages of development.

 REGULATION OF UPA, UPAR, AND 
PAI-1 BY THE MESOTHELIUM

�e regulation of urokinase plasminogen activator (uPA) 
uPAR (uPA receptor), and PAI-1 expression occurs at mul-
tiple (transcriptional, posttranscriptional, and posttrans-
lational) levels.48–57 Each of these regulatory modalities  
is germane to pleural injury and repair. Recently, it has 
become clear that the novel mechanisms by which these 
proteins are regulated involves “switch-o�” rather than 
gene activation. �e mechanisms involve regulation of uPA, 
uPAR, and PAI-1 expression occurring at the posttranscrip-
tional level of mRNA stability in cultured pleural mesothe-
lial and mesothelioma cells.48–55

At this level, the stability of the respective mRNAs are 
contingent on the interactions between mRNA sequences 
that contain regulatory information and newly recognized 
messenger RNA (mRNA)-binding proteins that bind one or 
more of the coding or untranslated regions for uPA, uPAR, 
and PAI-1 mRNAs.48–55 Along these lines, binding sequences 
of uPAR and PAI-1 mRNAs invariably contain information 
for message destabilization in pleural mesothelial cells.49–55 
uPA does not appear to be regulated at the level of mRNA 
stability in pleural mesothelial cells, where expression of 
this �brinolysin appears to be mainly attributable to tran-
scriptional control. �e cis–trans  interactions that regulate 
uPAR and PAI-1 expression by pleural mesothelial cells are 
further subject to posttranslational modi�cation such as 
phosphorylation occurring in mRNA-binding proteins.58–61

 MESOMESENCHYMAL TRANSITION 
(MT) IN THE PATHOGENESIS OF 
PLEUAL INJURY

MT is a process by which normal quiescent cells become 
hyperproliferative, matrix-producing �broblast-like cells. 
Cells undergoing MT are characterized by the loss of 
tight junction markers such as zona occludins 1 (ZO-1) 
and e-cadherin and the increased expression of α-smooth 
muscle actin (α-SMA), collagen 1, and �broblast-speci�c 
protein (FSP-1 or S100A4).62 Transitioning cells also acquire 
a more motile phenotype and haptotactically migrate 
toward  TGF-β.63 Because cells undergoing MT are resis-
tant to apoptosis,64 this process may protect resident cells 
from cidal injury within an in�ammatory environment.65 
Sections from the thickened pleura of patients diagnosed 
with nonspeci�c pleuritis show increased expression of 
α-SMA and deposition of collagen and �brin when com-
pared to normal lung sections.14 Because of the abundance 
of α-SMA expressing cells associated with pleural �brosis 
and their proximity to the site of injury, MT is believed to 
be a key contributor to the myo�broblast population associ-
ated with pleural �brosis.14,66,67

Myo�broblasts are α-SMA overexpressing cells, which 
produce Ec matrix proteins, such as collagen and may 
thereby contribute to the pathogenesis of pleural injury and 
repair. �e proliferation and accumulation of myo�bro-
blasts have been reported to play a critical role in the devel-
opment of the pleural rind and disease progression.14,63,66,68 
�ese cells also exhibit a �broblast-like phenotype and 
are found in �brosing disease of diverse organs, including 
arteries, the liver, and the lungs.69 Because myo�broblasts 
are not present in the absence of injury and may relate to 
disease outcomes, identi�cation of the source(s) of these 
cells is under intense investigation. �ere are currently 
three prevailing theories about the origins of these cells. 
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First, proliferation and activation of resident �broblasts 
may account for their appearance. Second, recruitment of 
stem-cell-like �broblast progenitor cells called �brocytes to 
sites of tissue injury may occur. Lastly, mesenchymal transi-
tion (MT) of resident pleural mesothelial cells may contrib-
ute to the augmented population of myo�broblasts that can 
occur in pleural injury. �e relative contributions of these 
processes to accumulation of mesenchymal cells at sites of 
pleural injury remain unclear.

TGF-β and PDGF are present in pleural e�usions70 and 
induce MT in diverse cell types, including lung epithelial 
cells and pleural mesothelial cells14,63,71 TGF-β, speci�-
cally, is recognized as a potent initiator of MT in the lung 
and is reported to be a critical mediator of MT in pleural 
mesothelial cells.63,68 In vivo studies have shown that over-
expression of TGF-α or -β in the pleural space induce pleu-
ral thickening in the absence of overt injury.67,72 Increased 
expression of α-SMA and collagen were also detected in the 
thickened pleural rind of mouse and rat models of pleural 
�brosis.14,67,72 Further increased expression of TGF-β was 
reported to be the principle contributor to injury progres-
sion and the development of pleural �brosis in a chemical 
injury pleural �brosis model.66

MT can also be induced by other factors found in pleu-
ral e�usions. Coagulation factors, such as thrombin and 
Xa, which may be elevated in exudative pleural e�usions 
or in pleural lavages,14,73 can induce MT in a variety of cell 
types, including �broblasts and pleural mesothelial cells.14,74 
In the carbon black-bleomycin model of pleural injury14 
�brin deposition was pronounced early but replaced by col-
lagen as the injury progressed. Factor X was elaborated on 
the surface of the injured pleura in vivo (unpublished �nd-
ings) and thrombin antithrombin complexes were elevated 
in the pleural lavages of injured animals.14 Xa and throm-
bin also induce markers of MT, α-SMA, activated Akt, and 
increased collagen expression in human pleural mesothelial 
cells. Plasmin and uPA exert similar e�ects. �e presence of 
Ec �brin and elevated levels of thrombin–antithrombin com-
plexes in a mouse pleural injury model14 support the concept 
that thrombin and other coagulation factors may contribute 
to the progression of pleural �brosis in vivo. Further, inhi-
bition of TF activity attenuates the progression of other dis-
eases of the pleural space, such as malignant mesothelioma.75

Factor Xa and thrombin mediate their signaling e�ects 
through activation of the protease activated receptor (PAR) 
family of G protein–coupled proteins. Unlike other recep-
tors, which initiate signaling on binding to their cognate 
ligands, PARs are activated by the proteolytic cleavage of 
an amino terminus and exposure of an internal signal-
ing sequence that activates the receptor. �ese factors also 
potently activate numerous signaling pathways includ-
ing the ERK (extracellular signal-regulated kinase), NFκB 
(nuclear transcription factor-κB), and PI3K (phosphati-
dylinositol 3-kinase)/Akt (protein kinase  B), which have 
been linked to �brosis in other models (Figure 7.2).76–79 

�rombin activates PARs 1, 3, and 4, whereas FXa  signaling 
is limited to PAR 2.80 Although the PAR expression pro�le 
in  pleural mesothelial cells is currently incomplete, PAR1 
and 2 antigens were detected by IHC staining on the pleura 
of normal and pleuritis tissue sections (unpublished �nd-
ings). Further, the ability of both thrombin and FXa to 
activate PI3K and induce MT in pleural mesothelial cells 
suggests that PAR 1 and 2 are expressed and active at the 
mesothelial surface. �us these receptors may represent 
potential therapeutic targets for the treatment of pleural 
�brosis, a  possibility that is under active investigation.

 PERIPHERAL LUNG INJURY AND THE 
REGULATION OF THE FIBRINOLYTIC 
SYSTEM: RAMIFICATIONS FOR 
PLEURAL FIBROSIS

Lung epithelial cells express uPA, uPAR, and PAI-1, and the 
tumor suppressor protein, p53. Decreased alveolar �bri-
nolysis and �brin deposition, and increased apoptosis of 
alveolar epithelial cells occur as a consequence of altered 
expression of major components of the uPA �brinolytic sys-
tem and p53. �ese derangements are strongly implicated 
in diverse lung injuries and appear to promote the develop-
ment of pulmonary �brosis. Injury to the peripheral lung 
parenchyma may exacerbate pleural injury by stimula-
tion of local �brotic repair, possibly through interactions 
involving the products of lung epithelial cells, �broblasts, 
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Figure 7.2 Upregulation of tissue factor (TF) due to 
pleural injury promotes fibrin deposition and induction of 
markers of mesenchymal transition. The figure illustrates 
that as TF expression is increased at the surface of pleural 
mesothelial cells, factor Xa generation is also increased. 
Increased levels of Xa increase prothrombin (II) conver-
sion to thrombin (IIa), which converts fibrinogen to fibrin. 
Concurrently, Xa and thrombin activate protease acti-
vated receptor (PAR) signaling and promote mesenchymal 
transition of the cells.
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and pleural mesothelial cells. �e intricate relationship 
between epithelial cell responses to acute lung injury and 
subsequent �brotic repair involves newly recognized coor-
dinate interactions between the p53 and uPA, uPAR, and 
PAI-1. For instance, uPA-mediated signaling controls the 
baseline levels of p53 protein in lung epithelial cells without 
a�ecting p53 mRNA in a concentration-dependent man-
ner.81 p53 in turn promotes PAI-1 mRNA synthesis in tar-
get cells by directly binding to PAI-1 promoter sequences 
while suppressing uPA transcription indirectlty via speci�c 
trans-acting factors that control uPA expression.56,57 In 
addition, p53 induces PAI-1 expression via stabilization of 
PAI-1 transcripts at the posttranscriptional level while con-
currently inhibiting uPA and uPAR through destabilization 
of uPA and uPAR mRNAs.49–51,53,82–85 It is now clear that sig-
naling initiated by uPA arbitrates baseline levels of p53 in 
lung epithelial cells and downstream coordinated changes 
in uPA, uPAR, and PAI-1 expression as a consequence of 
altered p53 expression.85 �ese interactions represent a 
broad repertoire of newly de�ned responses that extend 
well beyond traditional �brinolysis and have the potential 
to in�uence cellular viability and the outcome of lung and 
pleural injuries.

Tissues as well as isolated cells from the lungs of mice 
with lung injury show increased apoptosis, p53, and  PAI-1, 
and reciprocal suppression of uPA and uPAR protein 
expression. Minimal lung injury and parenchymal cell 
apoptosis are observed in mice de�cient in either p53 or 
PAI-1 injured with bleomycin or cigarette smoke while 
aggravated lung injury and lung epithelial cell apoptosis 
are increased in uPA-de�cient mice.86 �is indicates that 
increments of p53 in lung injury inhibit expression of uPA 
and uPAR while increasing PAI-1, leading to increased 
lung epithelial cell apoptosis in mice. Transgenic mice 
expressing transcriptionally inactive dominant negative 
p53 in alveolar type cells showed augmented apoptosis and 
lung �brosis, whereas those de�cient in p53 resisted alveo-
lar type II (ATII) epithelial cell apoptosis.87–90 Inhibition 
of p53  transcription failed to suppress PAI-1 or induce 
uPA mRNA in ATII epithelial cells. �ese cells showed 
increased binding of p53 with endogenous uPA, uPAR, and 
PAI-1 mRNAs. Further, overexpression of p53-binding 
sequences from uPA, uPAR, and PAI-1 mRNA increases 
expression of uPA while suppressing PAI-1, leading to inhi-
bition of ATII cell apoptosis and pulmonary �brosis a�er 
lung injury without compromising the DNA binding or 
promoter transactivation activities of p53. �erefore, the 
p53 cross-talk with the �brinolytic system may contrib-
ute to the pathogenesis of lung injury and pleural injury 
through these interactions.

An intervention targeting this pathway, caveolin-1 scaf-
folding domain peptide protects the lung epithelium from 
apoptosis and prevents lung remodeling a�er lung injury 
via uPA-mediated inhibition of p53 and PAI-1 and restora-
tion of uPAR expression.87–90 �e process involves activation 

of β1-integrin and inhibition of activated src kinases. Our 
recent observations further suggest that uPA-mediated pro-
liferation of lung epithelial cells is, at least in part, respon-
sible for the protective e�ect. Since injury to the peripheral 
lung may exacerbate pleural injury, such a targeted inter-
vention might prevent the development of pleural injury 
and subsequent remodeling. Studies that address this pos-
sibility are now in progress.

 CLINICAL APPLICATIONS OF 
INTRAPLEURAL FIBRINOLYSINS 
FOR THE TREATMENT OF PLEURAL 
LOCULATION AND IMPAIRED PLEURAL 
DRAINAGE

IPFT has been used in clinical practice for over 50 years 
and remains in use today. �e agent now most commonly 
used in the United States is tPA, while other �brinolysins, 
including streptokinase and active tc forms of urokinase, 
uPA, have likewise been extensively used and remain in 
use in other countries at this time. �e ability of �brino-
lysins to clear pleural loculation emphasizes the contri-
bution of extravascular �brin to the outcome of pleural 
injury.3

In the past, a number of reports have supported the e�-
cacy of IPFT in a variety of circumstances, including EMP, 
complicated parapneumonic e�usions with loculation, 
malignant e�usions with loculation, and hemothorax with 
pleural organization.3,91–102 In these studies, outcome met-
rics included improvement in radiographically detectable 
pleural collections, length of hospital stay, need for follow-
up surgical intervention, and death. In 2000, the American 
College of Chest Physicians issued evidence-based guide-
lines for the management of parapneumonic e�usions. �e 
guidelines supported the optional use of �brinolytic inter-
ventions if an e�usion was large, loculated, or was associ-
ated with thickened pleura, positive culture, pus, or pH 
was <7.2. In 2004, a Cochrane review assessed the evidence 
for e�cacy of �brinolytic therapy from available random-
ized controlled trials and then concluded that intrapleural 
�brinolytic interventions was bene�cial for clinical out-
comes including the need for surgical treatment but cited 
the relatively small number of patients assessed and study 
design variability, and did not recommend the routine use 
of IPFT.103,104 In a follow-up Cochrane database review con-
ducted in 2008,103 the disparate bene�cial results of earlier 
studies and the then recent, negative MIST-1 study105 were 
noted. Subgroup analysis further suggested bene�ts of IPFT 
in cases of proven loculation proven loculated/septated 
 e�usions from the available data in this meta-analysis sug-
gested a potential overall treatment bene�t with �brinolyt-
ics, but cautioned that the data were not  conclusive. Lastly, 
the safety pro�le of IPFT was questioned on the grounds 
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that the issue had not been conclusively examined. On 
 balance, the literature suggests that IPFT is generally well-
tolerated and does not usually cause clinically important 
systemic �brinolysis.106,107 However, bleeding in the pleu-
ral space can occur a�er administration of IPFT and can 
have serious clinical consequences. With tPA, IPFT bleed-
ing occurs in up to 6.6%–15% of reported patients108–111 and 
generally responds to cessation of IPFT. Death attributable 
to intrathoracic bleeding is rare, about 0.4%.108

�e MIST-1 and -2 trials are landmark studies that have 
challenged the routine use of IPFT, at least in adults, and 
therefore bear special consideration. MIST-1 was a large 
randomized controlled clinical trial including 454 subjects 
with serious pleural infections that were treated with either 
intrapleural streptokinase or placebo. Clinical outcomes 
including mortality, requirement for follow-up surgical 
intervention, radiological appearance, or length of stay 
were not altered by administration of intrapleural strepto-
kinase. �e inclusion criteria were limited to patients with 
clinical pleural infection rather than proven loculation, so 
that patients without loculation could have received �bri-
nolytic therapy. Despite these limitations, this study initi-
ated a reconsideration of IPFT for the treatment of pleural 
infections. In MIST-2, tPA or DNase IPFT was compared 
to administration of intrapleural placebo or a combination 
of both agents.112 Here, again, tPA IPFT delivered at a com-
monly used but arbitrary intrapleural unit dose of 10 mg 
was ine�ective in increasing pleural drainage in patients 
with pleural infection. Pleural drainage was improved when 
tPA was combined with DNase. Based on the results of this 
trial, the combination of intrapleural tPA and DNase have 
been widely adopted in clinical practice. However, the pri-
mary outcome in MIST-2 was a change in pleural opaci�-
cation, which was signi�cantly improved by tPA/DNase 
over placebo and the di�erence was modest. A mean 7.9% 
decrement of pleural opaci�cation was found in the tPA/
DNase-treated patients compared to those treated with pla-
cebo. �e e�ects of tPA/DNase on clinical outcomes were 
likewise modest, in that length-of-stay was shorter and sur-
gical referral was reduced but there were no signi�cant dif-
ferences in the outcomes of death or rate of eventual surgery 
between the tPA/DNase and placebo groups. As in MIST-
1, patients with or without loculation could receive IPFT. 
However, the MIST-2 trial represents an advance for the 
�eld and o�ers promising results. �e �ndings suggest that 
further investigation and validation of the clinical e�ects of 
tPA/DNase on pleural drainage are warranted.

�e role of surgery in the management of patients with 
pleural infection and loculation is likewise a matter on 
ongoing debate. �ere are a number of reports that indi-
cate that surgery, particularly video-assisted thoracoscopy 
(VATS), is e�ective and improves clinical outcomes.113,114 
On the other hand, the timing and e�cacy of surgery for 
patients with CPE/EMP remains uncertain. Although sur-
gery can be bene�cial in selected patients with loculation 
and failed drainage, the results of four randomized trials 

showed no clear bene�ts, as recently reviewed.115 Overall, 
these �ndings support the continued search for better phar-
macologic means of achieving e�ective pleural drainage in 
patients with pleural loculation.

In pediatric patients, IPFT appears to be more consis-
tently e�ective and well-tolerated. For example, intrapleu-
ral tcuPA was found to be as e�ective as surgery and less 
costly in a randomized trial of pediatric patients116 and was 
reported to be e�ective when weight-adjusted in pediatric 
patients.117 In another trial in pediatric patients, intrapleural 
streptokinase was likewise as e�ective as surgical interven-
tion.118 Previous reports in pediatric patients have yielded 
similar results104,119–123 Pleural thickening was reduced by 
administration of IPFT in children with multiloculated 
EMP.124 Intrapleural tPA has also been recommended by 
a consensus panel of surgeons as chemical debridement as 
the initial intervention for children with EMP with surgi-
cal debridement reserved for failed initial treatment.125 On 
the other hand, a retrospective database analyses found that 
the use of IPFT in children was uncommon compared to 
VATS and that addition of IPFT did not confer bene�ts in 
outcomes versus tube thoracostomy.126 In the aggregate, 
most of the available studies suggest that IPFT is of ben-
e�t in pediatric patients with CPE/EMP. �e reasons for the 
apparent greater reliability of IPFT in children than adults 
are unclear, but may relate to earlier evaluation and treat-
ment, the absence of comorbidities or to other factors that 
need to be de�ned in future work.

New interventional approaches designed to improve 
the e�cacy and reliability of IPFT are under intense inves-
tigation at this time. scuPA activator is a relatively PAI-1 
resistant �brinolysin that has been shown to be e�ective 
in clearing adhesion in TCN-induced pleural injury.26,127 
Processing of scuPA is reviewed in detail in “Fibrinolysis 
and pleural injury.” �e ability of this agent to remain bio-
available in EMP �uids23 and to generate durable, bioactive 
uPA/α2M complexes25,30 represent potential therapeutic 
advantages. scuPA is now being produced through the NIH 
SMARTT program for near-term clinical trial testing, with 
cGMP manufacturing, formal toxicology, and regulatory 
support being engaged at this time.

 THE CURRENT STATE OF INTRAPLEURAL 
FIBRINOLYTIC THERAPY: CHALLENGES 
AND OPPORTUNITIES

�e most commonly used plasminogen activator in the 
United States, tPA, is rapidly inactivated by PAI-1 in the 
pleural space, as is tc uPA. All of these agents are used “o�-
label,” with empiric dosing. To our knowledge, no form 
of IPFT has ever been vetted with U.S. Food and Drug 
Administration Investigational New Drug–enabling stud-
ies including formal toxicology studies, which could guide 
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early clinical trial dosing. In addition, we are unaware of 
any dose escalation studies in humans to de�ne the safety of 
IPFT and suggest dosing to be tested in phase II e�cacy tri-
als prior to broad clinical application. �ese considerations 
may contribute to the variability of clinical trials of IPFT 
to date. In addition, the e�ects of varying components of 
a given patient's PF on the outcome of IPFT are essentially 
unexplored. It is clear that PAI-1, for example, can in�uence 
the outcome of pleural injury and can dampen the ability of 
�brinolysins to activate PLG.14,28 In addition, the concentra-
tion and quality of DNA within PFs is capable of altering 
PLG activation by �brinolysins19 and the clinical impact of 
these e�ects are largely unknown at this time. �e optimal 
dosing intervals for IPFT are likewise empiric at present. 
Recently, it has become clear that even low levels of intra-
pleurally administered �brinolysins can exhaust PF PLG,25 
raising the possibility that it is conceivable that tPA/DNase 
or other combinations of �brinolysins and adjuncts could 
be optimized through more rigorous developmental vetting 
and clinical trial analyses. Nonetheless, the results of recent 
clinical trial testing, as reviewed above, suggests that out-
comes of IPFT can be improved. Although the place of IPFT 
in the treatment of EMP and other forms of pleural locula-
tion is still a matter of debate, especially in adult patients, 
the available literature and shared clinical experience justi-
�es the continued search for novel, safe, and more e�ective 
pharmacologic forms of treatment.
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8
Genetics of mesothelioma

DEAN A. FENNELL AND SARA BUSACCA

Mesothelioma, in common with other cancers, is caused by 
multiple somatic genetic alterations acquired during asbes-
tos induced tumorigenesis. Knowledge of the common, 
underlying genetic features of mesothelioma may reveal 
new opportunities for enabling drug target discovery for 
personalized therapy as well as early diagnostics. �is chap-
ter aims to summarize current understanding of mesotheli-
oma genetics, and in particular, to highlight current e�orts 
to exploit common somatic genetic features for therapeutic 
bene�t.

 GENOME WIDE CYTOGENETIC 
CHARACTERISTICS OF 
MESOTHELIOMA

Malignant pleural mesothelioma (MPM) is characterized 
by multiple acquired somatic genetic events, causally asso-
ciated with exposure to asbestos. DNA damage by asbestos 
�bers, induces similar chromosomal aberrations in mouse 

and human.1 �e genomes of mesothelioma are chaotic, 
with complex underlying chromosomal aberrations. �e 
genome-wide frequency of copy number variation (CNV) 
has been reported to be 55% in one series,2 of which these 
CNV changes occurred at a frequency of between 1 and 
8 per specimen. A whole genome study involving high-
resolution comparative genomic hybridization (CGH) and 
spectral karyotyping revealed 52 recurrent homozygous 
deletions in 10 genomic regions with 36 additional nonre-
current homozygous deletions. �is data was used to iden-
tify putative tumor suppressors LINGO2, RBFOX1/A2BP1, 
RPL29 and DUSP7, and CCSR/FAM190A.3

Genomic losses appear as frequently as, or more fre-
quently than, gains in MPM.4,5 �is has been con�rmed 
using high-resolution CGH analysis in a series of 26 MPMs, 
where copy number changes varied from 0 to 40 per tumor. 
�is contrasts with non-small cell lung cancer, in which 
there is a preponderance of gains over losses.6 CGH can 
discriminate NSLCC from MPM with a speci�city of 77% 
and sensitivity of 81% based predominantly on statistically 
signi�cant di�erences in chromosomes X, 1, 2p, 4, 8q, 10q, 

KEY POINTS

 ● Mesothelioma is a CNV (copy number variation) driven disease.
 ● Genomic losses are more frequent that gains.
 ● Few classical oncogenic mutations are in common with other thoracic cancer.
 ● Speci�c mutation may be actionable in relation to synthetic lethal strategies.
 ● Comprehensive sequencing may reveal novel targets in the future.
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12p, 14q, 15q, and 18q.6 Familial cases of mesothelioma 
appear to exhibit similar copy number changes to sporadic 
(i.e., asbestos-associated) cases, and include changes in 1p, 
6q, 9p, 13q, and 14q, implicating these regions as potential 
hotspots for tumor suppressor gene loss.7

 CHROMOSOMAL ABNORMALITIES IN 
DIFFERENT HISTOLOGIES AND EARLY MPM

CGH analysis of histological subtypes has revealed some 
di�erences. �e rate of aneuploidy is lowest in sarcomatoid 
subtype; however, a fourfold higher number of amplicons 
was found to be a distinguishing feature.8 Losses around 
3p14–21 (common region of overlap: 3p21) were prominent 
in epithelioid malignant pleural mesothelioma (MPM), 
whereas sarcomatoid and biphasic MPM showed only occa-
sional aberrations.

Chromosomal imbalances appear to occur early in the 
development of mesothelioma.9 Using CGH-based analysis 
of a case of epitheloid mesothelioma at two di�erent early 
stages, loss on 3p, 5q, 6q, 8p, 15q, 22q, and Y were identi�ed 
in “mesothelioma in situ”; these changes correlate with the 
recurrent copy number changes found in more established 
(“late”) mesotheliomas, implicating early genomic instabil-
ity during the evolution of mesotheliomas.9

 COMMON DNA LOSSES AND THEIR 
THERAPEUTIC SIGNIFICANCE

 CHROMOSOME 9 LOSS AND THE TUMOR 
SUPPRESSORS P16INKA/P14(ARF)

One of the most common losses of DNA occurs in the short 
arm of chromosome 9 (p21-pter).2,4 Loss of 9p22-pter has 
been observed 57% of mesothelioma specimens and in a 
pooled sample (comprising 14 mesotheliomas), analyzed 
by CGH, supporting the importance of this chromosomal 
region to tumorigenesis.10 A morphology study revealed 
that 9p21 homozygous deletion is associated with speci�c 
features such as cell-in-cell engulfment and multinucleation 
(>2 nuclei).11 Deletion in 9p21 can be used as a diagnostic tool 
to discriminate between mesothelioma cells and reactive 
mesothelial cells in pleural e�usions.11 A cluster of famil-
ial MPMs in which common exposure to asbestos had been 
implicated have been reported. Deletion of 9p was identi�-
able in all of the mesotheliomas and was the only alteration 
in two of the family members. �is data suggests, therefore, 
that this region may play an important role in the develop-
ment of mesothelioma subsequent to asbestos exposure.12

Experimental exposure to asbestos �bers recapitulates 
many of the common cytogenetic abnormalities found in 
primary mesothelioma specimens.13 As such, mice exposed 
to asbestos acquire mesothelioma with mutations leading to 
inactivation of p16/CDKN2A, p19/ARF, and p15 CDKN2B. 
High-resolution CGH has shown loss of 9p21.3 in 65% of 
cases (17/26) in another series, and this CNV was associated 

with loss of CDKN2A and CDKN2B loci. �e CDKN2A 
locus encodes two distinct tumor suppressor proteins, 
p16(INK4A), an inhibitor of cyclin-dependent kinase 4 and 
p14(ARF). �ese gene products are encoded from di�erently 
spliced mRNAs. ARF knockout mice have been shown to 
exhibit accelerated asbestos-induced MPM. In Arf knock-
out mice, recurrent deletion of Faf1 (fas-associated factor) 
that was found to regulate TNF-alpha-mediated NFkB 
signaling, implicating ARF deletion as potentially  driving 
asbestos induced oncogenesis.14 Both Ink4A and ARF coop-
erate to suppress spontaneous tumors following exposure 
to asbestos.15 Experimental exposure to asbestos �bers 
 recapitulates many of the common cytogenetic abnormali-
ties found in primary mesothelioma specimens.13 As such, 
mice exposed to asbestos acquire MPM with  mutations 
leading to inactivation of p16/CDKN2A, p19/ARF, and p15 
CDKN2B.

Reexpression of CDKN2A or treatment with 
TATp16INKA peptide in MPM cells with homozygous 
deletion leads to a reduction in cellular viability and cell 
death.16–18 �is synthetic lethality has been observed in 
other cancer models,19 suggesting that phenocopying p16 
may be an e�ective treatment strategy in CDKN2A nega-
tive MPM. As p16INKA targets CDK4, inhibitors of this 
molecular target, which are currently in development, may 
present an approach to recapitulating synthetic lethality 
and warrant evaluation.

 CHROMOSOME 22Q LOSS AND THE 
TUMOR SUPPRESSOR NF2/MERLIN

NF2 has been identi�ed as a commonly mutated gene 
encoded  in a region of common 22q deletion. Interstitial 
 in-frame deletions or truncation were detected in 53% (8/15) 
cell lines, and six of these were con�rmed in primary tumor 
specimens. In two samples, although NF2 expression was 
dysregulated, no genomic abnormality was observed, impli-
cating aberrant splicing as an alternative mechanism of NF2 
gene inactivation.20 In a series of 14 cell lines lacking NF2 
expression, each line showed NF2 mutations (revealed by 
 single-strand conformation polymorphism analysis [SSCP] 
and sequencing). Loss of heterozyosity was con�rmed using 
two microsatellite markers in the region of NF2 locus with 
72% (17/25) cell lines. As such, both mutation and loss account 
for inactivation consistent with what has been described as a 
two-hit mechanism.21 NF2 mutation has also been observed 
as an early somatic mutation in papillary mesothelioma of the 
periotoneum.22

In a study to delineate putative tumor suppressors in 
the region of 22q loss, 14 mesotheliomas were screened for 
point mutations and microdeletions/insertions in exons 
1–16 of NF2 using SSCP. A 10 base-pair microdeletion in 
exon 10 was detected by SSCP and a deletion in the other 
allele was detected by denaturing gradient gel electrophore-
sis. Together this data suggests that NF2 could be an impor-
tant candidate tumor suppressor in the region of 22q loss.23 
Mutation of NF2 is not found in lung cancer, implicating its 
role in mesothelioma tumorigenesis.24
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Germ-line mutations in the neuro�bromatosis 2 gene 
induce susceptibility to development of meningiomas and 
schwannomas, and biallelic inactivation has been found in 
sporadic cases also. One case of germ line NF2 mutation 
associated with MPM has been reported, raising the possi-
bility that a mutant allele could play a role in increasing the 
risk of MPM tumorigenesis.25

Mice harboring heterozygous mutation of NF2 exhibit 
greater susceptibility to crysotile asbestos-induced meso-
thelioma compared with mice with wild type NF2.26 In 
these established tumors, loss of wild type NF2 allele and its 
expressed protein (Merlin) has been found, suggesting that 
asbestos directly promotes mutation of NF2.26,27 In contrast, 
in a study to determine if asbestos directly induced loss of 
NF2, crysotile-induced rat mesotheliomas were induced; 
however, no genetic abnormality in the coding region was 
identi�ed.28

Conditional knockout of both NF2 and INK4A/ARF in 
the thoracic cavity of mice leads to high incidence of murine 
mesothelioma with similarity to human mesothelioma, and 
a median survival of around 30 weeks.29 In mice harboring 
p53/NF2 conditional knockout, median survival is short-
ened to 20 weeks, and this is further reduced with loss of 
p53, implicating a potential contribution of Ink4A and NF2 
to poor prognosis.

NF2 encodes a 595 amino acid protein called Merlin that 
exhibits homology to the Ezrin–radizin–moesin family of 
proteins. Merlin is phosphorylated at serine 518, leading to 
altered localization in response to activated Rac, cdc42, and 
their downstream target p21.30 Merlin has been shown to 
accumulate in the nucleus in its closed, growth- inhibitory 
form, where it binds to and inhibits the E3  ubiquitin ligase 
CRL4(DCAF1), leading to a tumor-suppressive gene expres-
sion. �e NF2 associated GTP binding protein, NGB, has been 
shown to regulate the antiproliferative,  tumor- suppressor 
activity of Merlin.31 Merlin regulates the Hippo growth 
control pathway leading to suppression of YAP/TAZ, a key 
regulator of cell–cell inhibition, proliferation, and antiapop-
tosis.32 YAP1 gene encodes a transcription factor that regu-
lates many tumorigenic genes including survivin, cIAP1, 
ki67, and myc. YAP forms a quaternary complex comprising 
YAP-TEAD4-SMAD3-p300, which localizes to and regu-
lates the connective tissue growth factor promoter.33,34 YAP1 
is a potential oncogene as evidenced by reported high-level 
ampli�cation (11q22 locus) in primary MPM. RNA inter-
ference of YAP1 is antiproliferative in cell lines with NF2 
deletion, whereas ectopic expression of NF2 results in YAP 
phosphorylation (S127) leading to a reduction in its nuclear 
localization. YAP1 promotes cell proliferation. Mutation of 
this phosphorylation site (S127A) maintains nuclear localiza-
tion despite NF2 expression.35 YAP is regulated by LATS2 
which encodes a serine/threonine kinase and has been 
found to be deleted at chromosome 13q12 in mesothelioma 
cell lines, and in 10 of 45 primary mesothelioma specimens 
(22%).36 Ectopic LATS2 inactivates YAP via phosphorylation, 
leading to growth inhibition. Together with gain in YAP1, 
and frequent loss of NF2/LATS2, these somatic mutations 

implicate the Hippo pathway as a frequently disrupted and 
therefore very signi�cant pathway implicated in the tumori-
genesis of mesothelioma.

Loss of Merlin leads to increased cell proliferation, and 
this e�ect can be blocked by depletion of CRL4/CDAF1.37 
Ectopic merlin expression in NF2 null cell lines leads to 
inhibition of cellular proliferation with G1 phase arrest, and 
this is associated with downregulation of cyclin D1, upreg-
ulation of CDK4 activity, and dephosphorylation of phos-
phorylated retinoblastoma protein. �is e�ect on cell cycle 
can be reversed by ectopic cyclin D1. Conversely, downreg-
ulation of NF2 using siRNA causes upregulation of cyclin 
D1 and entry into S-phase. �e e�ect of Merlin on cyclin D1 
is dependent on PAK inhibition, and this repression of PAK 
is enhanced by Merlin S518A mutation.38 Because PAKs 
are hyperactivated by NF2 mutation, this mutation confers 
increased sensitivity to PAK inhibition presenting a poten-
tial therapeutic opportunity.39

Reexpression of NF2 in an NF2 null genetic background 
inhibits cellular motility, spreading, and invasiveness. 
Conversely, downregulation of NF2 induces these prop-
erties in mouse embryonic �broblasts, implicating NF2 
inactivation as a potential of the invasive mesothelioma 
phenotype. Focal adhesion kinase is negatively a�ected 
by Merlin, through inhibition of its phosphorylation at 
Tyrosine 397, leading to disruption of its interaction with 
SRC and p85 regulatory subunit of PI3K. NF2 null cells with 
stable overexpression of FAK showed increased invasiveness 
that could be reversed by reintroduction of the NF2 gene. 
A phase 1 clinical trial of the FAK inhibitor GSK2256098 
was reported in patients with mesothelioma in whom Merlin 
expression was found to correlate with progression free sur-
vival (PFS) (24 weeks in Merlin negative, versus 11 weeks 
in Merlin positive). �is data supports the concept of pos-
sibly increased FAK sensitivity in the context of Merlin 
loss.40 A global multicenter phase 2 randomized clinical 
trial (COMMAND NCT01870609 www. clinicaltrials.gov) 
is currently recruiting mesothelioma patients to evaluate 
the e�cacy of the FAK inhibitor defactinib versus a placebo 
arm. Overall survival (OS) and PFS will be determined as 
the primary endpoints.

Loss of Merlin leads to an increase in mTORC1 signal-
ing, and can rescue inactivation of mTORC1 following 
MPM cell detachment from extracellular matrix.41 Merlin 
de�cient MPM cell lines are sensitive to rapamycin whereas 
reexpression of Merlin confers resistance, which suggests 
a therapeutic rationale for targeting NF2 mutant MPM 
through inhibition of mTORC1.

3P21.1 LOSS—BAP1 INACTIVATION

Analysis of 53 mesotheliomas identi�ed BAP1 as being 
mutated in 23% of MPMs.42 BAP1 encodes a nuclear deubiq-
uitinase which targets histones and the HCF transcription 
cofactor, implicating transcriptional deregulation in MPM 
pathogenesis.42 BAP1 is a 729 amino acid nuclear ubiquitin 
hydrolase located on chromosome 3p21, a region which is 
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deleted in several cancers.43 BAP1 has been implicated in 
numerous cellular processes, such as cell proliferation and 
DNA repair.44

An array-CGH analysis carried out on two di�erent 
familial clusters of mesothelioma with no previous expo-
sure to asbestos or erionite showed genetic alterations at or 
near the BAP1 locus at 3p21.1.45 Germline BAP1 sequenc-
ing conducted in the two families revealed concordance 
between mutation status and mesothelioma onset. A cor-
relation study between the e�ect of asbestos exposure and 
BAP1 expression was carried out in 52 mesothelioma sam-
ples. Data from this study showed that asbestos exposure 
was not signi�cantly associated with BAP1 mutations or 
downregulation.46 �ere is also no apparent distinct clini-
cal phenotype for MPM with somatic BAP1 mutation.47 
Currently BAP1 is not a known target for available antican-
cer drugs; however, this does not rule out the possibility of 
therapeutically exploitable synthetic lethal interactions.

11Q23 AND 14Q LOSSES

DNA copy number analysis of tumor cell lines derived from 
22 primary mesotheliomas has revealed focal deletions of 
11q23. �is event accounts for loss of the transcriptional 
repressor gene promyelocytic leukemia zinc �nger (PLZF).37 
PLZF is a putative tumor suppressor gene and data from this 
work suggest that loss of PLZF plays an important role of 
PLZF in regulating and promoting cell survival in mesothe-
lioma cells.

Loss of 14q is a common cytogenetic abnormality in 
mesothelioma. Analyses performed with 25 microsatellite 
markers in 13q and 21 markers in 14q revealed that 20 of 
the 30 mesothelioma cells (67%) displayed allelic loss of at 
least one marker in 13q. Eleven of these 20 exhibited loss of 
the entire analyzed region and the other nine showed inter-
stitial deletions. LOH analysis of 14q revealed allelic loss of 
at least one marker in 13 of the 30 samples (43%). Loss of 
heterozygosis observed in cells lines has been re�ected in 
the corresponding tumor specimens. �ese data strongly 
suggest that the tumor suppressor genes located within 
these chromosomes may be involved in the pathogenesis of 
this mesothelioma.48 High-resolution deletion mapping of 
23 microsatellite markers on 18 mesotheliomas also showed 
loss of heterozygosity or allelic imbalance in 56% of sam-
ples, with 14q11.1–q12 and 14q23–24 being the most com-
monly involved regions associated with deletions.49

4Q AND 6Q LOSSES

Chromosome 4 likely contains one or more tumor suppres-
sor genes that are frequently inactivated in several types of 
cancer.50,51 Partial or complete loss of chromosome 4 has 
been reported as one of the frequent karyotypic changes 
in mesothelioma.52 �e overall frequency of allelic loss at 
chromosome 4 site was 80% in mesothelioma para�n-
embedded archival samples from surgical resections. In 
the majority of the cases, the deletions were more localized; 

4q33–34 was a region of deletion with allelic loss in 95% of 
cases, whereas 4q25–26 exhibited allelic loss in the 65% of 
cases and 4p15.1–15.3 in 63% of the cases.53

A frequent alteration observed in mesothelioma samples 
is a deletion in chromosome 6. �ree independent regions 
of common deletion have been described, one of size 8.4 Mb 
located at 6q14, the second of size 15.9 Mb at 6q22, and 
the third of size 12.0 Mb at 6q24.54 Data from cytogenetic 
analysis con�rmed recurrent loss of the long arms of chro-
mosome 6 (6q-) in epithelial mixed subtypes. Deletion of 
6q- has been proposed as an early event in the development 
and progression of MPM.55

COMMON DNA GAINS IN MPM

Gene copy number gains may indicate regions of mutation 
involving putative oncogenes. Typically, oncogenic gain 
of function has been therapeutically exploitable through 
molecular targeting. In MPM, although many genomic 
regions of recurrent copy number gain, the association of 
putative oncogenes or their drug-targeting potential for has 
yet to be determined.

Common gain has been observed in the long arm of chro-
mosome 1 (cen-qter) in 33% of specimens harboring a CNV. 
Gain has been identi�ed in 5p, 6p, 8q, 15q, 17q, and 20.56 
In another study gains were also found in 1q.6 Aneuploidy 
associated with a single copy of chromosome 11 has been 
identi�ed in a rare case of childhood mesothelioma with no 
other cytogenetic abnormalities.57

Common gain has been observed in the long arm of 
chromosome 1 (cen-qter) in 33% of specimens harboring a 
CNV. Gains have been identi�ed in 1q23/1q32, 5p, 6p, 7p, 
8q, 11, 15q, and 20.6,56

In a recent study, FISH was performed on a series of 
para�n-embedded tissue blocks from forty-two patients of 
MPMs (35 pleural, 5 peritoneal, and 2 pericardial).

Ampli�cation was found at 5p15 (48%), 7p12 (38%), 
and 8q24 (45%). �e various genetic ampli�cations tended 
to be more common in cases of sarcomatoid patients 
than in cases of epithelioid type (i.e., 8q24 amplifica-
tion [75% vs. 33%]).1,6,58,59 Gain in chromosome 5p15.3 has 
been identi�ed in 51% of mesothelioma cases. Another 
study reported more amplicons and gains in sarcomatoid 
tumors, Zcompared with epithelioid samples.1 TERT is 
located in chromosome 5p13 and gene promoter muta-
tions have been identi�ed in mesothelioma with higher 
frequency in the sarcomatoid subtype, and with frequent 
association with CDKN2A gene inactivation. �ese TERT 
mutations lead to upregulation of TERT mRNA.60 TERT 
might therefore be a potential diagnostic and thera-
peutic target. Aneupleudy associated with a single copy 
of  chromosome 11 has been identi�ed in a rare case of 
childhood  mesothelioma with no other cytogenetic 
abnormalities.57
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Chromosome 7 showed gains in 19% of the epithelioid 
mesotheliomas, however no gain has been found in sarco-
matoid samples.59

GENE FUSIONS IN MPM

In non-small cell lung cancer, therapeutically actionable 
mutations have been identi�ed in EML4-ALK,61,62 RET, 
ROS,63 and NTRK.64 �is raises the possibility that dis-
covery of novel fusion oncogenes in mesothelioma could 
have therapeutic relevance. RNA sequencing has identi-
�ed a speci�c fusion of t(14;22)(q32;q12) chromosomal 
rearrangement encoding both EWSR-YY1 and reciprocal 
fusion transcripts. One EWSR1-YY1 fusion out of 15 cases 
was identi�ed in an additional series.65 �e fused protein 
 contains the transactivation domain of EWSR1 and the 
DNA-binding domain of YY1.65

 EPIGENETIC REGULATION IN MPM 
AND THERAPEUTIC EXPLOITATION

Epigenetic modi�cations such as chromatin remodeling, 
DNA methylation, and histone acetylation play a major 
role in cancer by modulation the expression and activity 
of critical genes. Methylation has been associated with loss 
of p16INK4A (28.2%), p14 (44.2%), as well as aberrant acti-
vation of the wnt pathway, E-cadherin (71.4%) and FHIT 
(78%), TMEM30B, KAZALD1, and MAPK13.66 �erapeutic 
approaches such as HDAC inhibition have been studied in 
both preclinical and clinical settings.

Hypermethylation of the promoter region of the enzyme 
arginosuccinate synthetase (AS) have been reported. AS is 
absent or presents a very low level of expression in 63% of 
mesotheliomas; however, no speci�c correlation to the his-
tology has been described.67 Arginine is essential for growth 
in mesothelioma cell lines and arginine deprivation is suf-
�cient to abrogate growth and induce apoptosis in AS nega-
tive cell lines. ADI-PEG 20 is an arginine degrading drug 
that is being investigated in a Phase II clinical trial in meso-
thelioma patients (NCT01279967).68 �is study has shown 
e�cacy as evidenced by responses detected by positron 
emission tomography.69

SUMMARY

Our understanding of the genetics of mesothelioma has 
increased considerably over the last decade. With advances 
in whole genome, next generation sequencing,70 it is antici-
pated that a comprehensive atlas of somatic mutations at 

nucleotide resolution will reveal new opportunities for 
improving clinical outcomes in patients with mesothelioma, 
for example, through developments in personalized therapy.
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Transcriptomics and proteomics 
in pleural diseases
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KEY POINTS

 ● Transcriptomics and proteomics will help the identi�cation and better understanding of critical molecules in body 
�uids, tissues, or cell types under a de�ned condition.

 ● �e transcriptome and proteome di�er from cell to cell and can constantly change as a result of biochemical 
interactions between the genome and its environment.

 ● Potential biomarkers can be a single molecule or a collection of features (biosignature).
 ● Biomarkers are di�erentially present in a sample taken from a subject of one phenotypic status (e.g., in the disease 

state) compared with another phenotypic status (e.g., healthy state) and can therefore be used for diagnosis, 
monitoring, or prognosti�cation of a particular disease state. Biomarkers can be classi�ed into a screening, 
diagnostic, prognostic, predictive, or treatment-response biomarker.

 ● �e choice for an appropriate methodology to discover and study novel biomarkers will depend on the goals of the 
speci�c study, amount and number of samples, availability of resources, and many other factors.

 ● Although technical advances in discovery technologies have been signi�cant in previous decades, the challenges 
of evaluation and validation of the biomarker remain. Understanding the massive volume of data, translating the 
information to �t clinical contents, and incorporating it into clinical studies are critical.
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 TRANSCRIPTOME AND PROTEOME 
COMPLEXITY

Proteins are complex organic molecules that play many criti-
cal roles in the body. �ey are required for the structure, 
function, and regulation of the body's tissues and organs. 
Each cell produces thousands of proteins, each with a spe-
ci�c function. Some proteins are expressed at very low levels, 

a few copies per cell, whereas others are extremely abundant 
(millions of copies per cell). �ey may be expressed during 
critical periods in development or arise on environmental 
stimulation, whereas others are constantly expressed. �e 
lifespan of proteins varies considerably. �e collection of 
all proteins expressed in a speci�c cell or organism under 
de�ned conditions, at a given time, is known as the proteome.

�e information to make these proteins is encoded in the 
cell’s DNA on genes, the word coined by Wilhelm Johannsen 
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in 1909.1 �e Human Genome Project has estimated that 
humans have about 20,500 of these discrete “units of inher-
itance.” �e process from gene to protein is complex and 
tightly controlled within each cell and consists of two major 
steps: transcription and translation. During the process of 
transcription, the information stored in a gene’s DNA is 
transferred to a similar molecule called messenger RNA 
(mRNA) in the cell nucleus. Translation, the second step in 
gene expression, takes place in the cytoplasm. �e mRNA 
interacts with a specialized complex called a ribosome, 
which “reads” the sequence of mRNA bases. A specialized 
type of RNA called transfer RNA assembles the protein by 
adding encoded amino acids until the ribosome encounters 
a “stop” codon. �e �ow of information from DNA to RNA 
to proteins is one of the fundamental principles of molecu-
lar biology and called therefore the “central dogma.”2

Unlike the DNA in the genome, which is roughly con-
stant irrespective of cell type (excluding mutations), mRNA 
and proteins di�er from cell to cell and are constantly 
changing through their biochemical interactions with the 
genome and the environment. �ey change from moment 
to moment in response to tens of thousands of intra- and 
extracellular environmental signals, such as other proteins, 
pH, hypoxia, and drug administration, and changes con-
tinuously during multigenic processes such as aging, stress, 
or disease.

For the study on the expression levels of RNA types and 
proteins in a particular condition, the terms transcriptomics 
and proteomics are used, respectively. Transcriptomics is 
the large-scale analysis of all RNA molecules, including 
primary and processed within speci�c subcellular com-
partments or throughout the cells or tissue, whereas pro-
teomics, besides the identi�cation and quanti�cation, also 
involves the comprehensive study of their structure, local-
ization, modi�cation, interactions, activities, and function 
of proteins in body �uids, tissues, or cell types under given 
conditions.3

Proteomics is considered more challenging than tran-
scriptomics or genomics (DNA analysis) because a single 
gene or gene product can give rise to multiple protein 
products through alternative splicing, proteolysis of 
proteins, and posttranslational modi�cations (PTMs) 
(20,500 di�erent genes vs. approximately 1,000,000 di�er-
ent types of proteins).4 Currently there are more than 400 
di�erent types of PTMs known, e.g., glycosylation, phos-
phorylation, acetylation, nitration, ubiquitination, and 
disul�de bond formation.5 �ese PTMs are o�en tran-
sient and occur in vivo only in a small fraction of proteins 
(<1%). PTM regulate protein function, determining their 
activity state, cellular location, and dynamic interactions 
with other proteins or nucleic acids.6,7 Furthermore, the 
chemical nature of proteins (20 amino acids plus modi�-
cations) versus mRNA (4 bases) makes wide-scale analysis 
more di�cult to develop and use. However, 30 simultane-
ous publications8 by the Encyclopedia of DNA Elements 
 consortium in September 2012, including six in Nature, 
have shown that 99% of the DNA that was earlier 

considered as noncoding “junk” DNA has important 
 biochemical functions in controlling the RNA expression 
levels.9 �ey conclude that three-quarters of the human 
genome is capable of being transcribed at some point in 
some cells into coding and noncoding RNA in which their 
subcellular location is highly speci�c. Also 10–12 iso-
forms per gene can be expressing. �is all adds up to the 
complexity of transcriptomics that is currently far from 
fully characterized.10

Exploring RNA and protein expression levels is increas-
ingly used to address biomedical questions that may help 
to elucidate the molecular basis of health and disease and, 
for example, to address fundamental questions in the pro-
gression of a disease from a normal to a pathophysiologic 
state.

 BIOMOLECULES CAN SERVE AS 
BIOMARKERS

Biopolymer molecules (biomolecules) are measurable 
biological components in or secreted by cells and include 
proteins, polysaccharides, nucleic acids (e.g., mRNA, 
microRNA [miRNA], circulating DNA), primary and sec-
ondary metabolites, and lipids, or represent the state of a 
component (e.g., a methylated gene or a protein that has 
been cleaved by proteolysis). �ese components are called 
(molecular) biomarkers if they are di�erentially present in a 
sample taken from a subject of one phenotypic status (e.g., 
having a disease) compared with another phenotypic sta-
tus (e.g., healthy subject). It is de�ned by Food and Drug 
Administration (FDA) as “a characteristic that is objec-
tively measured and evaluated as an indicator of normal 
biologic processes, pathogenic processes, or pharmacologic 
responses to a therapeutic intervention.”11

Also, a collection of features (biosignature) that is 
 indicative for a biological state can together be de�ned as a 
biomarker. In a similar way, even complete cells like circu-
lating tumor cells in the blood system of cancer patients are 
regarded as biomarkers.12 Examples of biologically informa-
tive biomarkers that physicians use for diagnosis, progno-
sis, and/or surveillance include CA125 and HE4 (ovarian 
cancer), CA15.3 (breast cancer), Her2/neu (breast can-
cer), PSA (prostate cancer), beta-amyloid and Tau protein 
(Alzheimer), and CEA (ovarian, lung, breast, pancreas, and 
gastrointestinal tract cancers).

An ideal biomarker should have adequate speci�city and 
sensitivity, be stable (long half-life), can be attained easily in 
a noninvasive way, and is not bound to proteins or inhibi-
tors that could interfere with its measurement. �ere are 
renewed developments for capturing biomarkers in the way 
that is noninvasive, painless, and with no risks to patients, 
for example, by measuring volatile organic compounds in 
exhaled breath.13,14 In the clinical setting, there is a press-
ing need for new biomarkers with improved sensitivity and 
speci�city for most respiratory illnesses.15
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Discovering the changes in expression of biomolecules 
being overexpressed by cells and/or abnormally shed into their 
environment may elucidate the basic molecular mechanisms 
that either cause or result from disease state of the patient. For 
example, cells may release various enzymes, cytokines, extra-
cellular matrix molecules, autoantibodies, growth factors, 
miRNA or extracellular circulating DNA, degraded prod-
ucts, proteases, or cleavage fragments into the pleural e�usion 
that may have a diagnostic value and may provide insights 
into pathological processes. �ese proteins could become 
valuable in clinical research as therapeutic targets. However, 
disease-speci�c biomolecules are most o�en of extremely low 
abundance and di�cult to detect.16 In most diseases, proteins 
are also subjected to PTMs, di�erent proteolytic cleavage, or 
bound to highly abundant carrier proteins.17–19 Capturing 
these rare candidate biomarkers from complex biological 
samples of a patient is like �nding the needle in a haystack 
and is a recognized challenge in biomarker research.

 BIOMARKERS IN PLEURAL DISEASES

Biomarkers are increasingly used to assist clinicians in the 
diagnosis and management of pleural e�usions. Examples 
include natriuretic peptides in heart failure–related pleural 
e�usions, adenosine deaminase in tuberculous e�usions, 
mesothelin and immunocytochemical stains in malignan-
cies, or C-reactive protein in bacterial pleural infections.20 
Signi�cantly higher levels of pleural �uid adenosine deami-
nase isoenzyme 2, speci�c antituberculous antibodies, lyso-
zyme, and interferon-γ are present in the pleural e�usion of 
patients with tuberculous pleuritis compared with patients 
with e�usions of other etiologies.22,23

�e diagnosis of a malignant pleural e�usion is estab-
lished by demonstrating malignant cells in the pleural �uid 
or in the pleura itself, but cytology has low sensitivity.24 
Numerous biomarkers have been proposed, for  example, 
cytological and chromosomal analysis of pleural cells, mea-
surement of pleural �uid pH, glucose, amylase, carcinoem-
bryonic antigen, neuron-speci�c enolase, CA125, squamous 
cell carcinoma antigen, CA19-9, tissue polypeptide antigen 
α-fetoprotein, CYFRA 21-1, or osteopontin to discriminate 
malignant from benign pleural exudates.25 Most of these 
markers lack sensi tivity and/or speci�city to be clinically 
useful.26,27

Soluble mesothelin–related protein (SMRP) or soluble 
mesothelin is a successful example of biomarker discovery 
for pleural diseases. It is now FDA-approved for use in the 
diagnosis and monitoring of mesothelioma.28,29 Pleural and 
serum levels of SMRP are signi�cantly higher in epithelioid 
mesothelioma patients than in those with benign pleuritis 
and pleural metastases.30 Serum SMRP levels are tumor-size 
related and decrease a�er surgical cytoreduction, suggestive 
of a role of SMRP in disease monitoring.31 It lacks sensitivity 
for early-stage disease and for all malignant mesothelioma 
histologies. Nonetheless, the successful clinical application 

of SMRP has encouraged further search of biomarkers for 
other pleural conditions to aid disease screening, diagnosis, 
prognostication, and/or monitoring.

 EXPLORATION TO IDENTIFY 
CANDIDATE BIOMARKERS

Recent advances in transcriptomics and proteomic tech-
nologies have brought new hopes of discovering novel bio-
markers from pleural �uid or serum for various pleural 
diseases. �ere are a number of options available to pro�le 
biomolecules and to identify potential candidate biomark-
ers. Before starting these studies, the advantages and dis-
advantages of various methods must be assessed to choose 
the best suitable approach. �e choice of an appropriate 
methodology depends on the goals of the speci�c study, 
amount and number of samples, availability of resources, 
among other factors. Ideal biomarkers should have low 
technical and interindividual variability (subject variance) 
among control subjects to minimize overlaps between clini-
cal groups (Figure 9.1). Despite technological advances, it 
remains a challenge to evaluate and validate transcriptomics 
and proteomic technologies, to optimize sample prepara-
tion and fractionation, to understand the massive volume 
of data, and to translate the information to clinical care. 
Below we summarized some of the available technologies; 
none come close to detecting all RNA types and/or proteins 
present in complex biological systems.

 TECHNIQUES FOR TRANSCRIPTOME 
ANALYSIS

Understanding how each person’s unique genome makes 
them more or less susceptible to disease is one of the biggest 
challenges in science today. Recently, a study was conducted 
by over 50 scientists from 9 European institutes that analyzed 
the gene expression by sequencing mRNA and miRNA in 
human cells from 462 individuals linking human genomes 
to gene activity.32 Di�erences in gene activity among indi-
viduals can give powerful clues for discovery of biomarkers 
for diagnosis, prognosis, and intervention of di�erent dis-
eases. To analyze the expression of RNAs, di�erent methods 
are available but each approach has advantages and limita-
tions that must be considered before starting a biomarker 
discovery project (Table 9.1).

 GLOBAL SCREEN OF DIFFERENTLY 
EXPRESSED RNAS

Gene expression microarrays allow the analysis of the 
expression of RNA molecules whose sequence is already 
known. DNA fragments (probes) representing speci�c 
 coding regions of a gene are immobilized on the sur-
face.59 A�er reverse transcription of the mRNA, copy DNA 
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(cDNA) is labeled with a �uorescent dye and �nally hybrid-
ized to the slide. �e color-coded cDNA binds to the probes 
via complementary base pairing. As there are multiple 
probes representing one gene immobilized on the slide, the 
amount of bound cDNA can be determined by the intensity 
of the �uorescent signal. Speci�c so�ware tools enable the 
analysis of the absolute or relative gene expression, depend-
ing on the applied microarray technology. Microarrays 
have been used extensively to identify components crucial 
for the onset and progression of malignant pleural meso-
thelioma (MPM). An extensive literature review of nine 
published microarray studies on the transcriptome of MPM 
by Melaiu et al.33 revealed a set of genes that might represent 
potential novel biomarkers or therapeutic targets. Another 
example was the �nding of aberrant expression of those 
genes that are involved in glucose metabolism (e.g., aldol-
ase A and transketolase) in adenocarcinoma patients with 
pleural e�usion formation using oligonucleotide micro-
arrays.34 Furthermore, microarrays were used to detect 
miRNA in peripheral blood and pleural �uids of patients 
with tuberculosis and found altered miRNA expres-
sion levels in this disease dependent on the host immune 
responses.35 �ese miRNA are short (17–22 nucleotides) 
noncoding single-strand RNAs that posttranscription-
ally regulate gene expression.36 Others have investigated 

miRNA as biomarkers in MPM to help distinguish it from 
metastatic carcinomas.37–42 Many di�erent expression pat-
terns have been described in tissues37 or in malignant e�u-
sions.43 Also an aberrant expression of long noncoding 
RNAs, more than 200 nucleotides in length, may serve to 
distinguish benign pleura from MPM.44 Although one of 
these might eventually prove to be a clinically applicable 
diagnostic biomarker, more studies are needed to fully 
assess their diagnostic yield and to assess the pathogenic 
role of these RNA types.45

Serial analysis of gene expression (SAGE) is a tool to pro-
duce a snapshot of the mRNA population in a sample of 
interest in the form of small tags that correspond to frag-
ments of those transcripts. It allows the comprehensive anal-
ysis of overall gene expression patterns. Because SAGE does 
not require a preexisting clone, it can be used to identify and 
quantitate new genes as well as known genes. Several vari-
ants of this technique that can capture longer tags have been 
developed since: LongSAGE, RL-SAGE, and SuperSAGE, 
enabling a more con�dent identi�cation of the source gene. 
�ree  principles underlie the SAGE methodology: (i) A short 
sequence tag (10–14 bp) contains su�cient information to 
uniquely identify a transcript provided that the tag is obtained 
from a unique position within each transcript; (ii) sequence 
tags can be linked together to form long serial molecules that 

Biological sample collection
Experimental design Biomarker screening Biomarker validation Clinical application

Ideal characteristics for a biomarker:

Preclinical and clinical importance
Relevant, speci�c, and sensitive for a particular condition

Robust, fast, simple, and cheap to determine
Stable measurement during the day

Sample can be collected in a noninvasive way

Types of biomarker:

Screening
Diagnostic 

Predictive
Prognostic

Theranostic

Identi�es patients at risk of developing a disease
Determines the presence of an early diasease (identify/classify)
Identi�es patients for the state or progression in the absence of treatment
Identi�es which patients are likely to respond to a paricular treatment      
Identi�es the pharmacological response to a treatment

Figure 9.1 A schematic representation for the search of an ideal type of biomarker.
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Table 9.1 Advantages and disadvantages of technologies for the discovery and identi�cation of 
transcriptional biomarkers

Technique Advantages Disadvantages/limitations

Examples of 
studies in 
pleural 
diseases

Global screen of differently expressed RNAs (untargeted method)
Hybridization-

based 
microarrays

• Analysis of relative gene expression
• Many convenient and reproducible 

arrays available
• High throughput at relatively 

low costs

• Sequence of probes must be 
known

• Restricted to probes on array
• Large amounts of RNA required
• No information on splice variants
• Spot intensities in microarrays fall 

in nondiscrete gradients
• Limited dynamic range of 

detection owing to background 
noise due to cross-hybridization 
and saturation of signals

• Complicated normalization 
methods required for comparing 
expression levels between 
different experiments

• Interpreting the wealth of data is 
problematic

Refs. 33–45

Sanger sequencing 
technology: 
serial analysis of 
gene expression, 
cap analysis of 
gene expression, 
and massively 
parallel signature 
sequencing

• “Open architecture” allowing for the 
exact measurement of any transcript, 
with a known or unknown sequence

• Transcription levels are measured 
more quantitatively than by 
microarray because it involves directly 
counting the number of transcripts

• mRNA sequences do not need to be 
known a priori, so unknown genes or 
gene variants can be discovered

• Expensive for mapping 
transcriptomes of large genomes

• A significant portion of short tags 
cannot be uniquely mapped to 
the reference genome

• Isoforms cannot be detected

Refs. 46–48

Deep-sequencing 
technology: 
RNA-
sequencing/
whole 
transcriptome 
shotgun 
sequencing

• High throughput
• More sensitive than microarray- and 

Sanger sequencing-based methods
• Very accurate for quantifying 

expression levels of both coding and 
noncoding RNA and their isoforms 
(e.g., short and long noncoding RNA 
and miRNA)

• Identifies single-nucleotide 
polymorphisms, new splicing variants, 
and novel genes and can also be used 
to profile expression in organisms for 
which little or no sequence 
information is available

• Single base resolution
• Infinite dynamic range (nearly no 

background and no upper limit of 
quantification)

• High level of reproducibility
• Requires limited amount of RNA

• Biases inherent to reverse 
transcription and PCR 
amplification that proceeds the 
sequencing

• Short transcripts are in 
disadvantage

• Comparatively time-consuming, 
expensive, and resource intensive

• Computational complexities 
associated with data analysis 
issues

Refs. 49–53

(Continued)
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can be cloned and sequenced, and (iii)  quantitation of the 
number of times a particular tag is observed provides the 
expression level of the corresponding transcript. Other tag-
based sequencing approaches include cap analysis of gene 
expression and massively parallel signature sequencing. 
�ere was an >139-fold overexpression found by SAGE of 
the intelectin gene in MPM tissue compared to autologous 
normal mesothelium,46 and the (secreted) protein may have a 
role in diagnosing epithelioid MPM.47,48

A more sensitive method is the deep-sequencing RNA-
sequencing technology, whereby a cDNA library is pro-
duced from extracted RNA and all cDNA fragments are 
sequenced in a parallel high throughput manner. Using 
sophisticated so�ware tools, the generated number of short 
sequence reads will either be aligned to a reference genome 
or assembled de novo without having any genomic sequence 
available.49,50 �e major advantage of this technique is that 
mutations, splice variants, and fusion variants can be 
detected. �is technology has been applied to lung cancer 
research but not yet in pleural diseases.51–53

 VERIFICATION AND VALIDATION 
OF CANDIDATE TRANSCRIPTOMIC 
BIOMARKERS

For the validation of candidate RNA type biomarkers, 
Northern blotting is traditionally used for the targeted anal-
ysis of selected genes. In this technique, RNA is separated 

by agarose gel electrophoresis (GE) and then transferred 
to a positive charged blotting membrane. Single-stranded 
nucleic acids, either DNA or RNA, with the complemen-
tary sequence to the target sequence are labeled either with 
radioactive isotopes, chemiluminescent markers, or with 
�uorescent dyes. With those hybridization probes the target 
RNA can be detected. As an example, using Northern blot-
ting, Antony et al.54 demonstrated that pleural mesothelial 
cells stimulated for 4 hours with talc increased their basic 
�broblast growth factor mRNA expression, which plays a 
role in pleural �brosis during pleurodesis.

If the exact RNA quanti�cation in a biological sample is 
required, reverse transcription followed by real-time quan-
titative polymerase chain reaction (RT-qPCR) will be the 
preferred method of choice. RT-qPCR is an advancement 
of original polymerase chain reaction (PCR), a method to 
amplify a cDNA using DNA polymerases. �e method of 
RT-qPCR uses the action of �uorescent dyes to monitor the 
ampli�cation course of the reaction. Monitoring can occur via 
nonspeci�c �uorescent dyes, like SYBR Green I. �ose dyes 
intercalate with newly generated double-stranded DNA a�er 
ampli�cation, which causes an increase of the �uorescence 
dye signal. Measuring the �uorescence a�er each PCR cycle 
allows the monitoring of the increase of the amount of DNA 
and speci�c analytical strategies enable the calculation of the 
amount of starting material. Labeled DNA probes that give a 
�uorescent signal on binding to a speci�c gene allow the quan-
ti�cation of a panel of genes in one PCR reaction. �erefore, 

Table 9.1 (Continued ) Advantages and disadvantages of technologies for the discovery and identi�cation of 
transcriptional biomarkers

Technique Advantages Disadvantages/limitations

Examples of 
studies in 
pleural 
diseases

Verification and validation of candidate biomarkers (targeted method: analysis of the expression of a single or small 
number of RNA transcripts)

Northern blotting • Preferred method for determining 
transcript size and for detecting 
alternatively spliced transcripts

• Direct relative comparison of message 
abundance between samples on a 
single membrane

• High specificity which is important to 
reduce false positive results

• Membranes can be stored and 
reprobed for years after blotting

• Low throughput
• Time-consuming (multistep 

process)
• Requires large quantities of RNA
• Poor sensitivity for detecting low 

abundance RNA species
• Sample degradation by RNases

Ref. 54

Real-time 
(quantitative) 
reverse 
transcriptase 
polymerase 
chain reaction

• More powerful, sensitive, and 
quantitative compared to 
Northern blot

• Minute quantities of RNA required
• Can analyze a wide range of 

difference in RNA quantities
• High throughput

• More expensive (depending on 
the reporter used)

• Technically challenging due to the 
existence of numerous sources of 
variation including template 
concentration and amplification 
efficiency

Refs. 55–58

Abbreviations: PCR, polymerase chain reaction; mRNA, messenger RNA; miRNA, microRNA; RNases: ribonucleases.
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di�erent �uorescent dyes which emit light that is measurable 
at di�erent wavelengths are used to label the DNA probes 
speci�c for di�erent genes. Reverse transcriptase polymerase 
chain reaction (RT-PCR) is used in numerous studies to 
measure RNA abundance in a very sensitive manner (detec-
tion of a single RNA molecule is theoretically possible) or to 
con�rm �ndings using other technologies.55–57 Furthermore, 
RT-qPCR was used to assess pleural �uid ALU 115 bp (short 
fragment) and 247 bp (long fragments) DNA repeats to deter-
mine the cell-free DNA integrity index. �is index, measured 
as the ratio of longer to shorter DNA fragments released from 
dead cells, was higher in malignant e�usions compared with 
benign e�usions (1.2 vs. 0.8; p < .001) and thus a promising 
diagnostic biomarker, particularly where cytologic exami-
nation is negative and clinical suspicion remains.58 Rapid 
ampli�cation of cDNA ends (5'- or 3'-RACE) is a variation 
of RT-PCR that ampli�es unknown cDNA sequences corre-
sponding to the 3'- or 5'-end of RNA. �is method, although 
of interest, is not discussed in detail here.60

 TECHNIQUES FOR PROTEOME 
ANALYSIS TO DISCOVER NOVEL 
BIOMARKERS

Most proteomic approaches typically involve the separation 
of a complex mixture of proteins by GE and/or chromatog-
raphy combined with chemical or metabolic labeling and 
analysis by mass spectrometry (MS) and searches in data-
bases (Figure 9.2). It is important to recognize that all of 
these approaches have advantages and limitations that must 
be considered to select the most suitable approach for a par-
ticular sample or hypothesis studied (Table 9.2).

 PROTEIN SAMPLE FRACTIONATION AND/
OR SELECTIVE LABELING

High-resolution one- and two-dimensional (2D) GE has 
traditionally been the gold-standard discovery-based tool 
for analyzing the proteome of pleural �uids.61,62

In 2D GE, protein mixtures are �rst separated by iso-
electric focusing and charged proteins migrate in a gel 
strip that contains an immobilized pH gradient until they 
reach the pH at which their overall charge is neutral (iso-
electric point or pI) in the �rst dimension.85 �is gel strip 
is then applied onto a rectangular sodium dodecyl sulfate 
containing polyacrylamide gel, and the pI focused proteins 
migrate by electric current into the gel and are separated on 
the basis of their molecular weights (Figure 9.3). A�er elec-
trophoresis, protein spots in a gel can be visualized using a 
variety of radioactive, chemical stains or �uorescent mark-
ers. Depending on the type of staining, 200–3000 proteins 
per gel can be visualized. A study using a composite pleural 
e�usion sample from seven lung adenocarcinoma patients 
revealed 472 silver-stained protein spots in a 2D gel map, 

half of which could be identi�ed by liquid chromatography 
(LC)–tandem MS.62 Although the results of these studies 
provide information on the pleural e�usion proteome, the 
value for clinical application is limited. Many of the pro-
teins present in pleural �uid are likely to have originated 
from serum.69,86

Despite specialized so�ware packages that allow com-
parisons of multiple 2D gels, the matching can be di�cult 
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Figure 9.2 An outline of a general strategy to perform 
proteomics. The identification of proteins of interest relies 
mainly on the separation of a complex protein mixture 
by electrophoresis or liquid chromatography, mass 
 measurement of peptides by mass spectrometry, and 
search in databases.
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Table 9.2  Advantages and disadvantages of unbiased proteomic technologies for the discovery and identification 
of new biomarkers

Technique Advantages Disadvantages/limitations

Examples of 
studies in 
pleural 
diseases

Protein sample separation and/or selective labeling
1D/2D GE • Low costs/high applicability

• Good separation for the larger 
molecular mass region of the 
proteome (between 10 and 
150 kDa)

• Hundreds of proteins can be 
resolved; for each protein the 
isoelectric point, molecular 
weight, and the relative quantity 
can be determined

• Detection of posttranslational 
modified proteins

• Proteins can be stored within 
(dried) gels for months and 
analyzed at a later time point

• Low throughput (one sample per gel)
• Labor intensive/time consuming
• Large sample input (>100 μg)
• Small proteins (<10 kDa) or very 

large proteins (>150 kDa), extremely 
acidic or basic proteins, hydrophobic 
or otherwise insoluble proteins (e.g., 
membrane proteins) are poorly 
resolved on gel

• Contaminants, like salts, disturb the 
process

• Low abundant proteins are not 
detected because of sensitivity limits

• Gel-to-gel variations/reproducibility 
issues

• No direct (online) protein 
identification

Refs. 61 and 62

Differential GE • See 1D/2D GE
• Direct comparison of up to three 

samples on one 2D gel
• Four orders of magnitude 

dynamic range and good 
correlation between spot density 
and protein content

• Internal standard allows for 
quantitative comparison of 
multiple gels

• See 1D/2D GE
• Low throughput (three samples 

per gel)
• Labeling dependent on lysine 

content
• Mass shift of 0.5 kDa, impractical for 

subsequent MS (poststaining 
required especially for low-
molecular-weight proteins)

• Gel spots only visible under 
fluorescent light, equipment required 
for visualization and spot excision

Refs. 63–65

Liquid 
chromatography 
(LC)

• Many stationary/mobile phase 
combinations with different 
types and physical states of 
chromatography

• High resolution
• Can be easily reproduced and 

automated

• Care is required in planning 
upstream experiments

• Inaccurate categorization by 
coelution, but this can most of the 
time practically be overcome

• Low sensitivity to some compounds

Refs. 66–68

Isotope labeling 
techniques 
(ICAT, SILAC, 
iTRAQ)

• Measures the relative abundance 
of heavy and light peptides 
simultaneously

• Relative quantification and direct 
identification within a single 
analysis

• Identification possible for only 
the differently expressed 
proteins

• Low throughput (up to 8 samples 
per run)

• Large sample input
• Extensive sample fractionation 

before MS
• ICAT targets only cysteine residues 

(5% of human proteins lack cysteine)
• SILAC requires metabolic labeling
• Relatively expensive materials 

required

Ref. 69
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because gels can be distorted by less-de�ned, less well-sep-
arated spots, shrinking or swelling of nonbacked gels, and 
concentration di�erences between the gels. Di�erential gel 
electrophoresis (DIGE) can overcome some of these limita-
tions by allowing the direct comparison of di�erent samples 

at a particular time, under a particular set of conditions.87 
It encompasses a simple strategy involving three molecular 
weight– and charge-matched cyanine dyes (CyDyes: Cy2, 
Cy3, and Cy5) possessing unique absorption and emis-
sion spectra. �e �uorescent dyes bind to lysine residues 

Technique Advantages Disadvantages/limitations

Examples of 
studies in 
pleural 
diseases

MS approaches
Matrix-assisted 

laser desorption/
ionization

• Relatively easy to measure
• High sensitivity and mass 

accuracy
• Quantitative measurements 

possible
• Relatively tolerant to detergents 

and salts
• Sample on a stable support (no 

time constraints)
• Simpler data analysis (1+ ions)

• Need for (offline) sample 
fractionation of complex samples

• High accuracy demands careful 
calibration

• Dependent on ionization efficiency
• Signal suppression in complex 

mixtures
• No direct coupling with LC 

separations
• Samples have to be cleaned up 

thoroughly

Refs. 70–75

Surface-enhanced 
laser desorption/
ionization

• Medium throughput (up to 96 
samples per bioprocessor)

• Direct application of sample on 
chromatographic chip arrays

• Wider proteome coverage
• Quantitative information on 

large number of proteins
• Small amount of starting 

material

• Low mass accuracy/limited 
reproducibility

• Biased towards certain proteins
• Spectral patterns of masses rather 

than actual protein identifications are 
produced

• Only useful for separating small-
molecular-mass proteins (<15 kDa)

• No direct identification possible

Refs. 77 and 78

Electrospray 
ionization

• Quantitative measurements 
possible

• Best suited for direct coupling to 
LC

• Excellent for MS/MS due to 
2+/3+ ions

• Sample introduction more complex
• Data analysis more difficult (2+/3+ 

ions)
• One-shot sample analysis
• Less tolerant to contaminants if no 

trap columns are used

Refs. 79 and 80

Ion mobility • Rapid measurements
• Allows to study the 

configurations and shapes of 
proteins, peptides, and 
metabolites

• Poor sensitivity
• Limits in detection

Validation of candidate biomarkers
Selected reaction 

monitoring, 
ELISA, (bead-
based) 
multiplexing 
immunoassays, 
western blotting, 
immunoblot, and 
protein array

• Relatively high throughput
• Semiquantitative measurement 

of hundreds of proteins in 
parallel

• Limited availability of antibodies with 
high specificity and affinity for the 
proteins of interest

• Possible cross-reactivity, giving false 
positives

• Different affinities of antibodies
• Untargeted proteins will remain 

undetected
• Difficult to preserve proteins in their 

biologically active shape and form

Refs. 81–84

Abbreviations: 1D/2D, one dimensional/two dimensional; GE, gel electrophoresis; ICAT, isotope-coded affinity tag; SILAC, stable isotope 
labeling by amino acids in cell culture; iTRAQ, isobaric tags for relative and absolute quantitation; MS, mass spectrometry; ELISA, enzyme-
linked immunosorbent assay.
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in proteins with no change in protein charge and add only 
0.5 kDa to the apparent mass weight of the protein, thereby 
minimizing dye-induced shi�ing during electrophoresis. 
Due to a minimal labeling (only 2%–5% of the total number 
of lysine residues are labeled), binding of the dye to the pro-
tein appears to have no e�ect on MS analyses. Two di�erent 
samples are labeled with Cy3 and Cy5 and a third sample, 
labeled with Cy2, is introduced as an internal control for 
each gel. �e internal control is o�en a pooled sample com-
prising equal amounts of each of the samples within the 
study. �is allows normalization and both inter- and intra-
gel matching of proteins and is imperative for accurate pro-
tein quanti�cation. Once labeled, samples are mixed and 
isoelectrically focused and coelectrophoresed on the same 
2D gel. �e spectrally distinct dyes allow coseparation of 
di�erent CyDye-labeled samples and ensure that all samples 
will be subjected to exactly the same 2D GE running con-
ditions (Figure 9.4). �is limits the experimental variation 
and thus ensures accuracy with gel matching. �e di�eren-
tial 2D DIGE has been used to compare the proteomic pro-
�le of malignancies of the pleura and identi�ed cathepsin 
D as candidate biomarker.63 Furthermore, by comparing 
serum and pleural e�usions of non-small cell lung cancer 
patients with those with benign lung diseases (e.g., pneu-
monia and tuberculosis), hemopexin, �brinogen gamma, 
transthyretin, and pigment epithelium-derived factor was 
signi�cantly overexpressed in cancer patients.64,65

LC is a robust and routinely used analytical tool to 
physically separate peptide/protein mixtures on the basis of 
their relative interaction with the chemical coating of the 
column particles (stationary phase) and the solvent eluting 
through the column (mobile phase).89,90 Components elut-
ing from the chromatographic column can o�en be directly 
introduced into the MS via a specialized (electrospray) 
interface.66–68,88

Owing to the quantitative limitations of the gel-based 
technologies, isotope labeling methods such as stable iso-
tope labeling with amino acids in cell culture, isotope-coded 

a�nity tagging (ICAT), isobaric tags for relative and abso-
lute quanti�cation, and 18O labeling have been used for the 
gel-free identi�cation of biomarkers.69 ICAT uses stable 
isotope labeling of cysteine-containing proteins to com-
pare the relative abundance between two comparative 
reduced protein mixtures.76 �e a�nity tags have di�erent 
masses but are structurally and chemically identical and 
covalently bind to all cysteines within a protein. When the 
light tag (e.g., linker possessing nine carbon-12 atoms) or 
the heavy tag (linker possessing nine carbon-13 atoms) 
is bound to the same protein, a concrete mass change of 
exactly 9.03 Da will be evident when analyzed by MS. One 
can label a control sample with the light tag and the experi-
mental sample with the heavy tag, for example, cells or 
tissues in two distinct physiological or pathological condi-
tions such as normal or cancerous tissue. �e two samples 
are mixed prior to the proteolytic digestion, and the labeled 
peptides are separated from bulk using a�nity chromatog-
raphy. �e captured labeled peptides are separated using 
ion-exchange chromatography prior to MS, which can 
resolve these two states (heavy/light) and quantify the rela-
tive abundance of the two di�erentially labeled peptides 
from the same parent protein.

 MASS SPECTROMETRY APPROACHES

Once proteins are separated by GE or LC, they have to be 
characterized. MS is an indispensable technology for pro-
tein mixture pro�ling and for the identi�cation of proteins. 
In 2002, the Nobel Prize for Chemistry was awarded to 
Koichi Tanaka and John B. Fenn for the invention of MS.91,92 
�is section provides a rapid view of the principles and 
instrumentation of four MS techniques (matrix-assisted 
laser desorption ionization [MALDI], surface-enhanced 
laser desorption ionization [SELDI], electrospray ionization 
[ESI], and ion mobility [IM]). �e last decade has seen an 
amazing rise in popularity in the use of these techniques as 
they enable rapid access to accurate information on protein 
identi�cation, sequences, and quanti�cation.93

For MALDI (Figure 9.5a), a�er proteolytic digestion of 
proteins, the resultant peptides are mixed with an energy-
absorbing matrix solution (most commonly α-cyano- 
4-hydroxy-trans-cinnamic acid). When irradiated with 
laser pulses, the nonvolatile peptide/matrix crystals become 
detached (i.e., desorption), and gaseous ions are liberated 
(i.e., ionization). �e charged molecules are accelerated 
through a strong electric �eld within a high vacuum, and a 
recording is taken of how long the peptides take to travel a 
speci�ed distance and strike a detector. �e longer the time-
of-�ight (TOF), the more massive the particle is relative to 
its charge. Ionized peptides are thus separated on the basis 
of their mass-to-charge (m/z) ratio. Detected peptide ions 
are displayed as a unique series of peaks that are referred 
to as the peptide mass �ngerprint. �is mass mapping 
spectrum of peptide peaks is then compared with the in 
silico generated peptide masses predicted from theoretical 
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Figure 9.3 (a) Two-dimensional electrophoresis is 
used to separate protein mixtures according to their 
isoelectric point (first dimension) and their molecular 
mass (second dimension). (b) Human pleural effusion 
was depleted of albumin and immunoglobulin G and 
resolved by two-dimensional gel electrophoresis.
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digestion of protein sequences currently contained within 
databases (e.g., UniProt, Swiss-Prot, NCBI) and the protein 
can be identi�ed, considering the speci�city of the prote-
ase used during sample preparation. For further identi�ca-
tion, the actual amino acid sequence (primary structure) 
information for the peptide of interest can be obtained by 
tandem MS (commonly referred to as MS/MS or MS2), in 
which the particular peptide ion is isolated and fragmented 

by collision with an inert gas (such as nitrogen molecules, 
argon or helium atoms), and complex algorithms are 
used to correlate the experimental data with data derived 
from peptide sequences in protein databases (e.g., Peptide 
Sequence Tags, Sequest, or Mascot). Using the combina-
tion of 2D GE followed by MALDI-TOF MS showed, for 
example, an increase in cyclin D2, XEDAR, p53-binding 
protein Mdm2, LIM and cysteine-rich domain protein 1, 
and HSP70-interacting protein and HSPC163 present or 
increased in lung squamous carcinoma compared with 
normal bronchial tissue.70 It also allowed the identi�ca-
tion of several proteins and speci�c protein isoforms that 
were increased in the pleural exudate from a patient with 
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Figure 9.4 Flowchart of differential gel electrophoresis 
analysis of serum and malignant pleural fluid derived 
from a patient suffering from malignant mesothelioma. 
Samples to be compared are labeled with either Cy3 or 
Cy5, whereas the Cy2 is used to label a pooled sample 
comprising equal amounts of serum and effusion within 
the study. The labeled samples are combined and 
then run on a single two-dimensional gel. Proteins are 
detected using a dual laser-scanning device equipped 
with different excitation/emission filters to generate three 
separate images. The images are matched by computer-
assisted overlay method, signals are normalized using 
the corresponding Cy2 spot intensities, and spots of 
interest are excised and analyzed by mass spectrometry. 
Differentially expressed proteins in serum and pleural 
effusions of the same patient can be useful to discover 
proteins that may be the result of the cancer.
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Figure 9.5 “Soft” ionization techniques as matrix-assisted 
laser desorption/ionization (a) and electrospray ionization 
(b) are used in biological mass spectrometry to transfer 
highly polar, nonvolatile peptides/proteins into the gas 
phase without destroying them. (a) Sample and matrix are 
mixed and allowed to dry, forming crystals, and in a mass 
spectrometer ions are formed by irradiating the crystals 
with a brief laser pulse. (b) The analyte solution is injected 
via a thin metalized or glass needle on which a potential is 
applied. A continuous spray forms at the tip of the needle. 
Under the effect of the potential difference, the spray 
process forms very small droplets which  progressively 
desolvate, liberating multiply charged ions that are 
attracted by the orifice of the mass spectrometer.
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severe pneumonia71 and lung adenocarcinomas72–74 and 
proteins (e.g., phosphoglycerate kinase 1) that can predict 
the survival of patients with early-stage lung cancer.75 �is 
technology was also used to characterize the proteins pres-
ent in exosomes isolated from malignant pleural e�usions 
from di�erent cancerous origin to gain information on their 
potential biological function(s).76

A variation of the MALDI method is the SELDI. �is 
technique uses protein biochips, spotted with a protein cap-
ture bait such as a chemical a�nity resin (i.e., hydrophobic, 
hydrophilic, metal a�nity, cationic or anionic surfaces), 
receptors and ligands, antibodies, DNA oligonucleotides, or 
enzymes to enrich for subsets of proteins from a complex 
sample. Crude samples are applied to the biochip, allowing 
proteins with physical or chemical a�nities to the capture 
molecules to bind to the surface, and then washed to remove 
impurities or loosely bound proteins. Analytes are laser 
desorbed and ionized directly from the biochip for mass 
spectral analysis. We studied pleural e�usions from MPM 
and e�usions due to other causes (cancerous and noncan-
cerous) using SELDI-TOF and identi�ed, a decrease in apo-
lipoprotein (Apo) CI in mesothelioma.77 �e expression and 
PTM pattern of the calcium-binding protein S100A6 corre-
lated with the survival of early stage NSCLC as established 
by SELDI-MS measurements.78

With ESI (Figure 9.5b), samples in solution (e.g., interface 
with LC) are pumped through a �ne needle at high electrical 
potential (several kilovolts), resulting in a �ne spray of aero-
sols that is dried by a so-called curtain gas. As the droplets 
are evaporated, the charged molecules will repel and will 
be attracted to the antipole charged ori�ce of the MS. At 
this point, the charged molecules are in the MS and a mass 
spectrum is produced, which records the percent abun-
dance versus the m/z ratio. Using this method, 1415 unique 
proteins were detected in the pleural e�usion from 43 lung 
adenocarcinoma patients.79 ESI was also used for monitor-
ing the most prominent oxidative stress  biomarkers in body 
�uids of asbestos patients or silica-induced lung diseases.80

During IM, ions travel through a uniform electric �eld at 
the atmospheric pressure. �e ions are accelerated through 
the electric �eld and are separated as they collide with the 
atmospheric gas. �e time it takes to travel through the elec-
tric �eld is dependent on the cross section of the ions. �e 
larger and bulkier the ions, the longer it will take to travel 
through the gas. A�er the electric �eld has been passed, the 
ions travel through a “�eld-free” region and strike the detec-
tor. �e �ight time is depending on the ions, orientation and 
con�guration and therefore allows scientists to study the 
con�gurations and shapes of proteins and peptides.

Besides the above described TOF device (TOF as 
in MALDI-TOF and SELDI-TOF), other basic types of 
mass analyzers are the quadrupole, ion trap, and Fourier 
transform ion cyclotron, each with its own strengths and 
weaknesses.94 Each of these instruments generates a mass 
spectrum, and hence the term MS.

 VERIFICATION AND VALIDATION OF 
CANDIDATE PROTEOMIC BIOMARKERS

A�er the discovery of a (set of) putative biomarker(s), 
veri�cation and validation is needed before their eventual 
implementation in clinical applications. A veri�cation stage 
requires a high throughput work�ow that provides high 
speci�city, sensitivity, requires minimal sample prepara-
tion, and can provide identi�cation and con�rmation. �en 
potential biomarkers are further validated using larger 
sample sets covering a broad range of patient populations 
and appropriate controls. Validation of the protein expres-
sion o�en relies on the use of enzyme-linked immunosor-
bent assays and western blotting. However, these techniques 
detect only a single antigen and require the availability of 
a speci�c antibody. �ere are increasing interests in the 
development of multianalyte immunoassay platforms (pla-
nar microarrays, multiplex bead systems, and array-based 
surface plasmon resonance chips)95 and selective reaction 
monitoring MS.96,97

FUTURE PERSPECTIVES

�e past decade has witnessed remarkable innovation 
of transcriptomic- and proteomic technologies. �is 
has increased our understanding of disease-associated 
changes in tissues and body �uids but few biomarkers 
have impacted clinical practice: fewer than 100 have been 
validated for use in the clinic while more than 150,000 
articles have claimed �ndings of novel biomarkers.98 Also 
the identi�cation of biomarkers (single or as collection 
in a biosignature) for an earlier diagnosis, prognosis, or 
prediction of therapeutic responses in pleural diseases is 
still in its infancy.99 However, the successful translation 
of SMRP into the serum-based MESOMARK test, to aid 
the diagnosis and disease monitoring of mesothelioma, 
has provided strong encouragement to the search of bet-
ter markers for mesothelioma and other pleural diseases. 
Ongoing and rapid developments in separation tech-
niques, automation, sample throughput, and bioinformat-
ics will further stimulate the search for biomarkers for 
pleural diseases and will ultimately lead to new insights 
into the causative mechanisms.

A large gap exists between the discovery of new biomark-
ers and their clinical utility.100–104 It can only be overcome 
by intensive collaboration among research scientists, clini-
cians, and statisticians to conduct large, multicenter clinical 
trials to validate and standardize these technologies.105 As 
the di�erent transcriptomic- and proteomic technologies 
continues to improve, they will add new dimensions to the 
analyses of clinically relevant samples and promises to rev-
olutionize the way pleural diseases are diagnosed, treated, 
and managed in the future.
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10
Pleural pharmacokinetics

NATALIA POPOWICZ AND BRAD SPARLING

INTRODUCTION

�e main goal in the pharmacotherapeutic  treatment of 
any disease state is to ensure drug delivery to its  speci�c 
site of action to elicit a desired  therapeutic response while   
minimizing adverse e�ects.  �e   application  of  pharmaco-

kinetic principles aids the clinician in  determining the nec-
essary dose to achieve drug  concentrations within a speci�c 
range, which can achieve these goals of treatment.

When considering pleural diseases, especially infection 
and malignancy, the focus of the clinician is drug delivery 
to the pleural space from systemic administration and the 

KEY POINTS

 ● Pharmacokinetic parameters are used to describe the movement of drug through the body over time. Plasma or 
serum drug concentrations are used to quantify and predict this movement.

 ● �e pharmacokinetics of a drug is dependent on physiochemical properties of the particular agent as well as 
patient characteristics. �e penetration of drug through membranes is dependent on the molecular weight and size 
of the drug, the degree of protein binding, and the isoelectric charge.

 ● �e movement of drug to and from the pleural cavity is dependent on the anatomy of the pleura and characteristics 
that are subject to change in the face of disease.

 ● Systemically administered antibiotics appear to penetrate the pleural cavity to an acceptable degree; however, 
the data in this area are extremely few and further study is needed. �e concentrations that reach the pleura are 
lower than that of the plasma. To be e�ective, the concentrations in the pleural cavity must su�ciently exceed the 
 minimum inhibitory concentration (MIC) of the given pathogen.

 ● �e intrapleural administration of anticancer chemotherapy agents results in higher direct pleural drug exposure 
compared with systemic exposure. Transfer of drug from the pleura to the systemic circulation is slow and results 
in delayed total body drug elimination. As a result of systemic distribution and prolonged drug elimination from 
the body, toxicity is still an issue.
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systemic implications of administration of drugs directly 
to the pleural space. �e area of pharmacokinetics dealing 
 speci�cally with drug delivery to and from the pleural space 
is not well studied and information is therefore scant. �e aim 
of this chapter is to develop a basic understanding of pharma-
cokinetic principles that govern drug delivery to and from the 
pleural space and explore available data to form conclusions to 
assist the clinician in optimizing pharmacotherapy.

 BASIC PHARMACOKINETIC PRINCIPLES

 INTRODUCTION TO PHARMACOKINETICS

Pharmacokinetics is the study of drug movement  through-
out  the body, involving the processes of absorption, 
 distribution, metabolism, and elimination over time 
(Figure 10.1). A multitude of factors speci�c to the phar-
maceutical agents as well as the patient have the propen-
sity to a�ect the pharmacokinetics of a particular agent. 
�ese factors include, but are not limited to, the chemical 
structure and size of the drug, the dosage form, the degree 
of protein binding, drug interactions, body composition, 
hepatic and renal functions, as well as the speci�c disease 
being treated.

�is section will highlight concepts pertinent to discussion 
of drug delivery to the pleural space. Since intravenous (IV) 
drug administration is most o�en the approach used when 
treating pleural disease, the intricacies of drug absorption 
will not be addressed. For the purposes of this discussion, it 
is understood that IV administration constitutes immediate 
placement of the agent into the systemic circulation.

 PLASMA DRUG CONCENTRATION  
AND TIME

Pharmacokinetics follows the course of a drug in the body 
over time. �e systemic blood circulation is the mode 
of transport by which drug reaches the various tissues, 
spaces, and organs throughout the body. Although blood 
 concentrations within blood can be diverse due to the in�u-
ence of proteins and  cellular components, the plasma or 

serum drug concentration (Cp) is the accepted parameter 
used to re�ect the concentration of drug in the systemic 
circulation.

As the concentration of drug in the plasma increases, the 
concentration in tissues should also increase. �e degree of 
correlation of plasma concentration with drug concentra-
tion of a speci�c site such as the pleural space is in�uenced 
by a number of factors including the physiochemical prop-
erties of the drug that dictate the e�ciency with which it 
crosses membrane barriers and also blood perfusion which 
governs delivery of drug to a speci�c space.

Once a drug enters the systemic circulation, the pro-
cesses of distribution and elimination are immediately initi-
ated. �e concentration of the drug in the plasma following 
a dose is not constant, but changes over time as a result of 
these simultaneous processes. �e drug plasma concentra-
tion–time curve (Figure 10.2) is used to visualize the time 
course of drug in the body. �e area under the plasma drug 
concentration–time curve (AUC) represents total drug 
exposure over the speci�c time period evaluated.1–4

DISTRIBUTION

Distribution refers to the reversible transfer of drug from 
the blood to the extravascular spaces including organs, 
tissue, and �uids until distribution equilibrium is estab-
lished. �e amount of drug that remains in the plasma 
and that which reaches speci�c sites in the body, such as 
the  pleural space, at distribution equilibrium depends on 
a variety of factors. �ese factors include the physiochemi-
cal  properties of the drug that a�ect its ability to permeate 
membranes and bind to proteins, along with character-
istics of the membrane, which can be altered in di�erent 
 disease states. Once distribution equilibrium is reached, the 
amount of drug at various sites in the body is rarely equal. 
�e resulting drug concentration in a speci�c space, tissue, 
or �uid may either exceed or be much lower than that of  
the plasma.

�e apparent volume of distribution (Vd) is a derived 
pharmacokinetic parameter that allows one to estimate the 
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Figure 10.1 Pharmacokinetics: absorption, distribution, 
metabolism, and elimination.
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Figure 10.2 Drug concentration-time profile following an 
intravenous dose. AUC, area under the curve. 
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extent of drug distribution from plasma to body �uid and 
tissue. �e Vd is not a real “volume” but is simply a propor-
tionality constant that relates the amount of drug adminis-
tered to the resultant plasma concentration. A drug with a 
Vd that exceeds the total amount of body water is thought to 
have a large a�nity for the tissues and other extravascular 
spaces; the reverse also holds true.

It must be kept in mind, however, that the Vd does not 
provide insight into the exact distribution sites, but it simply 
estimates the a�nity of the drug for extravascular areas of 
the body.3,5

COMPARTMENTAL MODELS

�e human body is a very complex system composed 
of a multitude of di�erent tissues, spaces, and �uids. 
Compartment models are used in the area of pharmacoki-
netics to simplify the complexity of drug distribution and 
elimination to allow the application of mathematical prin-
ciples to depict and quantify the time course of drug con-
centrations in the body.

�e one-compartment model is the simplest model of 
drug disposition and considers the body as one large com-
partment, whereas a two- or multicompartment model 
may provide a more accurate representation of pharma-
cokinetic behavior of drugs that equilibrate at di�er-
ent rates to  various regions of the body (Figure 10.3). �e 
 one-compartment model consists of a single central com-
partment and assumes that distribution and drug equi-
librium between blood and tissue occurs instantaneously 
following drug administration. It does not infer that drug 
concentrations within spaces of a single compartment are 
identical, simply that the rate at which distribution equilib-
rium is reached in those spaces are similar.

�e two-compartment model contains a central and 
peripheral compartment. Blood and highly perfused tis-
sues and organs make up the central compartment, with 

less well-perfused organs and tissues making up the periph-
eral compartment. Once a drug is distributed through-
out the �rst compartment, the plasma concentration will 
decline slightly, re�ecting a slow and reversible distribu-
tion to the second compartment. Membrane penetration, 
protein binding, and other physiochemical properties slow 
distribution to sites in the second compartment. �e rate 
 constants, k12 and k21, quantify the reversible distribution 
of the drug from the central compartment to and from the 
peripheral compartment (Figure 10.4). Furthermore, for 
elimination to occur, drug must be transferred back to the 
central compartment.1,3–6

ELIMINATION

Elimination refers to the biochemical conversion of the 
drug to metabolic products, where appropriate, and 
the  movement of drug and metabolites from the blood to the 
urine, bile, and feces out of the body. Although  distribution 
and elimination occur immediately and simultaneously 

Central compartment

A0

Drug
A1

k

Figure 10.3 A one-compartment model. A0, amount of 
drug administered; A1, amount of drug in body; k, elimina-
tion rate constant. 

Drug

Central
compartment

Peripheral
compartment 

k12

A1

k21

A2

k10

A0

Figure 10.4 A two-compartment model. A0, amount of drug administered; A1, amount of drug in body; k10, elimination 
rate constant from the body; k12, rate constant of transfer from the central compartment to the peripheral compartment; 
k21, rate constant of transfer from the peripheral compartment to the central compartment.
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 following IV administration, the distribution rate at this 
point is generally much higher than the rate of elimina-
tion. Once distribution is complete,  however, elimination 
 predominates and the drug is removed from the body.

 First-order and zero-order elimination

�e elimination of drugs is classi�ed in the study of 
 pharmacokinetics as a �rst-order or zero-order  process. 
First-order elimination is characterized by drugs for which 
the amount of drug eliminated over a certain period is 
dependent on the amount of drug remaining in the body. 
�e fraction of drug, as opposed to the amount of drug 
eliminated over time remains constant and is referred to 
as the elimination rate constant (k). Conversely, in a zero-
order process, the amount of drug eliminated over time is 
constant and independent of the amount of drug remaining 
in the body. Most drugs display �rst-order elimination.1–4

 Elimination rate constant and half-life

Pharmacokinetic mathematical models have been devel-
oped to assist clinicians in determining proper doses to 
target speci�c plasma concentrations based on the fact that 
a plot of the natural log of the plasma concentration–time 
pro�le for a �rst-order elimination process produces a 
straight line (Figure 10.5). �e slope of this line yields the 
elimination rate constant (k), which represents the fraction 
of drug eliminated over an interval of time.

�e elimination rate constant can o�en be expressed in 
terms of a drug's half-life (t1/2). t1/2 is the time it takes for the 
plasma concentration to be reduced by 50% (Figure 10.6). 
Clearance (Cl) refers to the inherent ability of the  eliminating 
organs of the body to remove drug and metabolites from 
the blood per unit time. Cl does not represent the amount 
of drug removed but the volume of blood that is cleared of 
drug over a certain interval of time. �e amount of drug 
cleared depends on the concentration of drug in the plasma 
as well as the rate of blood �ow to eliminating organs. �e 

extraction ratio is the fraction of drug presented to an 
eliminating organ that is cleared a�er one pass through the 
organ. Many  factors may a�ect Cl such as the extraction 
ratio, the body  surface area of the patient, plasma protein 
binding, renal and hepatic function, and the cardiac out-
put of the patient that controls blood �ow to the eliminating 
organs. When the rate of administration is equal to the Cl, 
such as may be the case in continuous infusion, the con-
centration in the plasma may remain constant or achieve 
steady state (Cpss). �e AUC, which accounts for total drug 
exposure may be calculated if the Cl is known.1–5

 
AUC =

Dose

Cl

 PHARMACOKINETICS SPECIFIC TO THE 
PLEURAL FLUID

INTRODUCTION

�e pharmacokinetics of drugs in the pleural space is not 
a well-studied nor established topic. Although there are 
 several published studies examining antimicrobial concen-
trations in pleural �uid and the intrapleural administration 
of antineoplastic agents, many of these studies are not well 
controlled and consist of a small number of patients with a 
wide variety of malignancies and pleural e�usion states. To 
best serve the purpose of this chapter, the basic principles 
of drug permeation through membranes will be considered 
along with theoretical exploration of drug delivery to the 
pleura combined with the published data to form educated 
conclusions.

Exudative e�usions associated with infection and 
 malignancy comprise the realm of pleural diseases 
in which the target site of drug therapy is clearly the 
pleura/ pleural space. Hence, our discussion will focus on 
 penetration  of  antimicrobial and antineoplastic agents to 

Figure 10.5 Plasma concentration-time plot for first-order elimination.
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the pleura/pleural �uid and the intrapleural administration 
of these agents.3,7–9

DRUG MEMBRANE PENETRATION 
AND PROTEIN BINDING: GENERAL 
CONSIDERATIONS

�e ability of a drug to ultimately reach the pleura/pleural 
�uid from the plasma is in�uenced by several key factors, 
which are described below. Because there may be hindrances 
of distribution to the site of action and drug elimination is a 
continuous process, the concentration that reaches a site of 
interest may be much lower than that in the plasma.

Protein binding

Protein binding usually refers to serum or plasma protein 
binding. �e implications of protein binding become rel-
evant when focusing on a speci�c site of penetration as drug 
must be unbound or free to be available for equilibration 
between intravascular and extravascular sites and to exert 
pharmacological activity at a target.

�erefore, protein binding has the propensity to a�ect 
three main pharmacokinetic/pharmacodynamic concerns: 
(1) the propensity of the drug to distribute to body tissues, 
spaces, and �uids; (2) the amount of drug that is available to 

be eliminated, and (3) interaction of the drug with the site 
of action.10

�e major drug-binding proteins in plasma include 
 albumin, α-1-acid glycoprotein, and the lipoproteins. 
�eir size hinders passage through capillaries and low 
 lipophilicity slows transfer across cell membranes. A drug 
that is protein bound is similarly detained from transfer to 
tissues.

Assaying techniques commonly measure total plasma 
drug concentration as opposed to a free drug concentration. 
�us, a high peak plasma concentration of a highly protein 
bound compound may be deceiving in that it does not accu-
rately re�ect the free drug that is readily available for tissue 
distribution and activity. Most body �uids such as lymph, 
interstitial �uid, and the normal pleural �uid contain much 
lower protein concentrations compared with the plasma 
and will therefore re�ect lower total drug concentrations for 
highly protein-bound drugs.

Protein binding of a drug is rapidly reversible 
(Figure 10.7). �e degree to which an agent is bound depends 
on the a�nity of the drug for the protein-binding sites and 
the concentrations of the binding protein compared with 
the drug. �e degree of drug binding to a protein can vary 
from 0% to 99%. In most cases, the fraction of drug that 
is free is constant and independent of drug concentrations 
because the number of protein-binding sites far exceeds the 
drug concentrations.11
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Figure 10.6 First-order elimination of a one-compartment drug. AUC, area under the curve; Cpmax, maximum plasma con-
centration; t1/2, half-life (the time it takes for the plasma concentration to be reduced by 50%). 
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�e implications of a high degree of protein binding may 
not always be negative when considering protein contained 
in tissue spaces. Proteins do have the ability to di�use 
through tissues, albeit slowly. Although protein bind-
ing may hinder drug delivery, this also holds true for Cl. 
�eoretically, if a pleural e�usion contains a large amount 
of protein, a drug to which protein has a high a�nity may 
become “trapped” in the e�usion, leading to prolonged 
drug exposure and delayed pleural Cl.

Membrane penetration

Drug molecules must move through a series of spaces 
and membranes to reach a target site of action and 
 conversely, move back into the systemic circulation to be 
cleared from the body. �e most common mechanism for 
drug  transfer across a membrane includes di�usion and 
 carrier-mediated transport. �e route of drug molecule 
transfer is determined by the number and size of  available 
pores and by physiochemical properties of the agent. 
�ese physiochemical properties include the molecular 
size and weight, the degree of lipophilicity, and the degree 
of ionization.1,3,7–9

Di�usion down a concentration gradient is the 
 mechanism by which most drugs move out of the plasma 
into the interstitial �uid and across membranes to the target 
site of action. �e rate and degree of drug  transfer across 
a membrane is directly proportional to the  concentration 
gradient of unbound drug across a membrane. Since 
 elimination of drug begins immediately following admin-
istration, it is imperative that a drug be dosed properly to 
achieve acceptable initial plasma concentrations.

Drug molecules with a molecular weight of <1000 will 
generally move through capillary and lymphatic pores with 
ease. Large, bulky molecules such as albumin have di�culty 
crossing lymphatic endothelium and therefore agents that 
are bound to albumin are similarly impeded. Most antibiot-
ics and antineoplastic agents used in the arena of malignant 
e�usions are relatively small with a molecular weight of less 
than 1000.

Other factors complicating distribution include ioniza-
tion and lipophilicity of a drug. Most drugs exist in solution 
as either weak acids or weak bases and equilibrium exists 

between ionized and unionized fractions. Accumulation of 
an agent on the side of a membrane with a pH that favors 
greater ionization may prevent transfer. �is is generally not 
the case as the pH in tissues throughout the body is close to 
the physiological pH of 7.4. However, the pH associated with 
an infected area tends to be lower and alkaline antibiotics 
may become trapped in infected areas.1,3 Finally, drugs with 
a lipophilic nature are more likely to di�use across mem-
branes. In summary, small, lipophilic, unionized molecules 
have the ideal characteristics to pass easily through cell 
membranes.1,3,5,7–9

DRUG PENETRATION TO NORMAL 
PLEURA CAVITY: THEORETICAL 
DISCUSSION

From a theoretical perspective, it seems logical that drug 
delivery and elimination to and from the normal pleural 
space may follow the same route as the pleural �uid. �e 
source of pleural �uid originates from the systemic cir-
culation and is produced by the parietal pleura. �e �uid 
�ows down a small pressure gradient and is drained mainly 
through the parietal lymphatics back into the systemic 
circulation.12–15

�e pleural space may be thought of as an enlarged tis-
sue compartment distinct from the lung parenchyma. Drug 
delivery to this space may be in�uenced by �ve other enti-
ties that include the parietal systemic capillaries, the pari-
etal interstitium, the pleural space, the lung interstitium, 
and the visceral systemic capillaries. Because humans have 
a thick visceral pleura as opposed to the thin visceral pleura 
found in other animals, the blood supply to both the visceral 
and parietal pleura is provided by the systemic  circulation. 
�erefore, the proposed route of transfer of drug molecules 
to the pleural space is directly from the systemic circula-
tion through capillaries and through the visceral and pari-
etal interstitium. �e distance of the capillaries from the 
 visceral pleural membrane is approximately 56  μm com-
pared with the shorter distance of 10–12 μm in the pari-
etal pleura. Considering this with the pressure gradient 
and relative thickness of the visceral pleura, the most direct 
route giving higher drug delivery is most likely through the 
parietal pleura.

Adequate penetration of drug molecules into the pleural 
space requires passage across the �rst barrier of the capil-
lary endothelium, through the interstitium, then across the 
second barrier of the mesothelium, which lines the pleural 
cavity. Drug concentrations in the capillaries are consistent 
with the plasma and the interstitial �uid is in rapid equilib-
rium with the plasma. Potential sources of diminishment of 
drug penetration into the pleural space include the endo-
thelial cell and mesothelial cell membrane barriers and the 
interstitium.12–15

�e capillary endothelium is known to be relatively 
permeable. Unbound, lipid-soluble drug may pass directly 
through the cell membrane and water-soluble drug will 
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Figure 10.7 Plasma protein binding.
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easily pass through the interendothelial junctions. Protein-
bound drug will follow the same, slower route as albumin.

�e next obstacle is the interstitium, which to all intents 
and purposes, is similar to a gel through which drug �ltra-
tion is determined by molecular size, weight, and charge. 
Interestingly, protein-bound drug will pass through the 
interstitium at a faster rate than unbound drug. �e �nal 
barrier to pleural drug delivery is the mesothelium. In con-
trast to earlier reports of the mesothelium as a very “leaky 
membrane,” Negrini et al.16 determined that the mesothe-
lium in animals is very similar to the endothelium of “con-
tinuous capillaries.” �e various sized pores found in the 
mesothelium have been determined to be larger and more 
penetrable to albumin than the capillary endothelium. �e 
limit of passage through the mesothelium appears to be the 
number of pores available and may explain the relatively 
low protein content of the pleural �uid. If similar properties 
correspond to human mesothelium, drug passage through 
this barrier would be similar to that as through the capillary 
endothelium.16

From a pharmacokinetic viewpoint, it seems that the 
pleural space may be considered to be a part of the periph-
eral compartment in a two-compartment model. Although 
the visceral and parietal pleura are well perfused, concen-
trations of drug in the pleural space may lag behind those 
of the serum because of the necessity of crossing two mem-
brane barriers and permeating the interstitium.

 PENETRATION FROM THE PLASMA TO 
THE DISEASED PLEURA

�e preceding proposed pathway of drug delivery to the 
pleural space seems logical. In certain disease states, the 
drug delivery to the pleural space can be altered due to 
changes in characteristics of the pleural cavity, tissues, and 
�uid. For example, in the presence of exudative e�usions 
the permeability characteristics and Cl mechanisms of the 
pleural cavity are completely altered. Fluid accumulation in 
the face of an exudative pleural e�usion is thought to be due 
to increased permeability and either saturated or blocked 
lymphatic drainage. In�ammation that accompanies either 
malignancy or infection may potentially increase the vas-
cular permeability and the permeability of the mesothelial 
cells. �erefore, in�ammation may probably lead to greater 
drug levels achieved in the pleural space. In the case of a 
parapneumonic e�usion, the chemistry of the pleural �uid 
itself would be expected to change, consisting of higher pro-
tein levels, a higher population of cells, and in the case of 
empyema, a lower pH and lower glucose level. �ese changes 
would in�uence drug pharmacokinetics.12,15,17,18

In the case of malignancy, obstructive tumors may block 
lymphatic drainage of the pleural space. Tumor character-
istics that determine the degree and type of blockage can-
not be expected to be uniform among patients. Di�erent 
 malignancy in the pleural space will therefore a�ect 
the pharmacokinetics of each drug di�erently for each 
patient.12,18

�e pharmacokinetics of agents in the pleural space will 
be subject to variance based on the drug penetration char-
acteristics as well as the underlying condition of the patient. 
Penetration and elimination of drugs to and from the pleura 
would be expected to be markedly di�erent in healthy ver-
sus diseased tissue. In�ammation may be expected to 
increase drug penetration, and lymphatic drainage satura-
tion or obstruction would be expected to impede drug Cl. 
�is would result in higher Cmax levels and prolonged elimi-
nation rate constants (k) and t1/2 observed in the diseased 
pleural space compared with the healthy pleural space.

 INTRAPLEURAL ADMINISTRATION: 
THEORETICAL DISCUSSION

If one considers the intrapleural administration of drug, 
one must envision administration directly to the peripheral 
compartment of a multicompartment model (Figure 10.4). 
�e tendency would be for the drug to equilibrate with other 
tissues and spaces, including the central compartment. �e 
movement of the agent would follow the basic principles of 
pharmacokinetics in that the drug would seek to di�use 
down a concentration gradient from areas of higher con-
centration to equilibrate with other spaces of the body that 
are at lower concentrations. Distribution would, therefore, 
be reversible and occur at the rate constants k12 and k21.

Elimination from the body would most likely take place 
strictly from the central compartment. Distribution equi-
librium might not be reached since elimination would con-
sistently be taking place from the central compartment, 
decreasing drug levels in the systemic circulation. A drug 
would continue to move with this type of behavior until it 
was fully eliminated from the body.

Since the pleural �uid contains much less protein than 
the plasma, there is less protein binding that would inhibit 
transport of drug out of the pleural space. Access to the sys-
temic circulation would be available by two routes. �e �rst 
route would be through the mesothelium lining of the pleura 
into the interstitium, followed by transfer across the capil-
lary endothelium into the systemic circulation via either the 
parietal or visceral pleura. �e second route would be the 
same as that of the pleural �uid via drainage through the 
lymphatics into the systemic circulation. �e  rate-limiting 
factor that would slow drug transfer from the pleural space 
to the systemic circulation is the number of stomata present 
on the parietal pleura and the patency of the downstream 
lymphatic drainage. Fluid is thought to accumulate in the 
pleural space because of increased �uid formation, as well 
as obstruction or saturation of the lymphatic drainage of 
the pleural space. �e route to the systemic circulation is 
through the lymphatics and the main route is through the 
parietal pleura. It would appear that intrapleural adminis-
tration of an agent would result in extremely limited Cl from 
the pleural space if the Cl of pleural �uid is impaired. In that 
case, drug would be expected to di�use to a great extent 
into the visceral and parietal interstitium owing to the high 
concentration present in the pleura. �e levels in the pleura 
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would be expected to consistently exceed those of the plasma 
in patients with normal hepatic and renal function.

ANTIMICROBIAL AGENTS

Since the late 1970s, several studies have examined anti-
microbial concentrations obtained in the pleural �uid. 
Although several studies have been conducted, data are 
lacking and o�en unsound with many studies conducted 
with small sample sizes in heterogeneous patient groups. 
Many studies included patients who were not infected or 
combined those who were infected with those who had 
malignancy. As pharmacokinetics of drugs may di�er in 
these patient groups, reference data should be considered 
with caution. Other limitations to current studies include 
that most studies involve the administration of a single dose 
of drug and therefore do not re�ect drug concentrations at 
steady state. Consequently drug concentration and e�ects of 
drug accumulation may be underestimated.

Furthermore, many studies did not follow pleural �uid or 
plasma drug concentration–time pro�les with di�erent sam-
pling times, o�en taken for di�erent patients. �erefore, it is 
not known whether the drug levels found in the pleural �uid 
actually re�ect the maximum concentrations attainable.

It is clear that antibiotic pharmacokinetics in the 
 pleural space is an area that requires further study. Despite 
the limitations of the available data, several conclusions 
may be made regarding general principles of antibiotic 
 pharmacokinetics in the pleural �uid relative to that of the 
plasma. Selected studies will be reviewed to illustrate some 

key points. Table 10.1 provides a summary of drug penetra-
tion and peak pleural �uid to serum ratios.19–35

 Lack of correlation between pleural fluid 
and ascitic fluid pharmacokinetics

Because there are similarities between the pleural and peri-
toneal cavity with regard to the mesothelium and lymphatic 
system, an assumption is made by some clinicians that anti-
biotic characteristics of penetration and elimination from 
ascitic �uid may be extrapolated to those of the pleural �uid.

Lechi et al.21 examined the pharmacokinetics of cefurox-
ime, 1 g, administered IV to �ve patients with ascites and 
six patients with pleural e�usion (three transudates, three 
exudates). Simultaneous serum and ascitic �uid levels were 
followed over 12 hours, and serum and pleural �uid lev-
els were followed in 3-hour intervals for each patient over 
6 hours. �e average maximum pleural �uid concentration 
(Cmax, approximately 8 μg/mL) was reached more quickly in 
most patients (approximately 1.5–2 hours) compared with 
that of the ascitic �uid (4–5 hours, approximately 45  μg/
mL). �e antibiotic penetrated to the ascitic �uid more 
readily with a mean Cmax serum–ascitic �uid ratio of 26% 
compared with the mean Cmax serum–pleural �uid ratio 
of 8%–10% (n = 5). �e pleural �uid concentration never 
exceeded that of the serum concentration. Conversely, the 
cefuroxime ascitic �uid concentration greatly exceeded 
that of the serum as serum levels declined and at the end of 
12  hours, the ascitic �uid–serum ratio was approximately 
1.80. �e mean  elimination t1/2 from the pleural �uid was 

Table 10.1 Antimicrobial agents in the PF

Agent Pleural disease
Patient’s 
(n) Dose Route

Cmax
a 

PF/
serum

AUCa 
PF/
serum t1/2 (hours) Reference

PF Serum

Amphoteracin 
B

Fungal exudative 
effusion

1 M IV 0.38 NA NA NA 34

Amphotracin 
liposomal

Fungal empyema 7 M IV 0.06 0.09 NA NA 20

Amikacin Parapneumonic 
effusion

1 M IM 1.00 NA NA NA 31

Amikacin Post-thoracotomy 10 S IV 0.43 0.80 4.3 2.62 24 
Amikacin Post-thoracotomy 10 S IP 2.39 NA NA ~2.88 24 
Ampicillin Carcinomatous 

effusion
1 S PO 0.60 NA NA NA 31

Ampicillin Carcinomatous 
effusion

1 M PO 0.80 NA NA NA 31

Ampicillin Mixed 6 S IV 0.49 NA NA NA 32 
Anidulafungin Fungal exudative 

effusion
1 M IV 0.102 0.13 NA NA 29

Cefoperazone Mixed 6 S IV 0.07 NA 6.96 2.9 30

(Continued)
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Agent Pleural disease
Patient’s 
(n) Dose Route

Cmax
a 

PF/
serum

AUCa 
PF/
serum t1/2 (hours) Reference

PF Serum

Ceftazidime Carcinomatous 
effusion

5 S IV NA 0.38 NA NA 25

Cefuroxime Uninfected 
transudates 
and exudates

6 S IV NA NA ~5.10 ~2.39 21

Ciprofloxacin Sterile (Group 1) 7 S IV 0.24 NA NA NA 19
Ciprofloxacin Sterile (Group 2) 3 S PO 0.50 NA NA NA 19 
Ciprofloxacin Sterile (Group 3) 2 S PO 0.45 NA NA NA 19
Ciprofloxacin Empyema  

(Group 4)
3 M PO 2.00 NA NA NA 19

Ciprofloxacin Empyema 5 S PO 0.70 2.09 NA NA 28
Ciprofloxacin Tuberculous/

carcinomatous 
effusion

15 M PO 0.63 NA NA NA 26

Clindamycin Parapneumonic 
effusion

1 M IV 0.80 NA NA NA 31

Gentamicin Empyema 1 S IM 0.20 NA NA NA 31
Linezolid Mixed 2 M IV NA 1.64 NA NA 35
Moxifloxacin Empyema/

parapneumonic 
effusion

12 S IV 0.48 1.11± 
0.74

NA 13.98 
±10.49

36

Moxifloxacin Malignant Pleural 
Effusion

12 S IV 0.69 1.17± 
0.39

NA 10.71 
±2.48

36

Ofloxacin Tuberculous 
effusion

21 M PO 0.82–
0.92

2.09 NA NA 27

Oxacillin Empyema 1 S IV 5.10 NA NA NA 31
Oxacillin Empyema 2 M IV 7.95 NA NA NA 31
Penicillin Carcinomatous 

effusion
3 S PO 0.13 NA NA NA 31

Penicillin Empyema 2 S IV 0.75 NA NA NA 31
Penicillin Empyema 5 M IV 1.20 NA NA NA 31
Penicillin Parapneumonic 

effusion
2 S IV 0.20 NA NA NA 31

Penicillin Parapneumonic 
effusion

3 M IV 1.10 NA NA NA 31

Tobramycin Parapneumonic 
effusion

1 M IM 1.20 NA NA NA 31

Vancomycin Post-thoracotomy 9 M IVintermittent 0.39 0.88 ± 
0.07

6.4 ± 
1.5

6.3 ± 
 1.9

33

Vancomycin Post-thoracotomy 4 M IVcontinuous NA 0.86 ± 
0.14

NA NA 33

Abbreviations: IM, intramuscular; IP, intrapleural; IVcontinuous, continuous intravenous infusion; IVintermittent, intermittent intravenous infusion; M, 
multidose; NA, not available; PF, pleural fluid; PO, orally; S, single-dose; AUC, area under the drug concentration-time curve; Cmax, maximum 
drug concentration; t1/2, elimination half-life.
aPF/serum ratios were determined using mean results.

Table 10.1 (Continued ) Antimicrobial agents in the PF
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approximately 5.1  hours, which is two times longer than 
that of the serum (n = 4).

�ere are many limitations to this study in that con-
tinuous data were not supplied for the pleural patients 
and numerical concentration data were not provided for 
the ascitic patients. Furthermore, concentrations were not 
measured at steady state; therefore, the degree of penetra-
tion of cefuroxime into pleural and ascitic �uid may not be 
accurately depicted. Despite these limitations, the following 
observations may be deduced. First, it is clear that the phar-
macokinetic drug pro�le in the ascitic �uid contrasted with 
that of the pleural �uid. �e time to Cmax (Tmax) and degree 
of penetration were quite di�erent. Second, it is evident that 
elimination from the pleural space lagged behind and was 
twice as long of that in the serum.

Selected clinical studies

�e penetration of a variety of antibiotics, including peni-
cillin, cephalothin, oxacillin, ampicillin, clindamycin, and 
aminoglycosides was evaluated in 16 patients with pleural 
empyema, uncomplicated parapneumonic e�usion, or car-
cinomatous e�usions.31 �e penetration for all antibiotics 
in the case of multiple doses in an infected e�usion was 
very high and with pleural �uid to serum ratio of 0.80 in 
all cases. Although a small number of patients were stud-
ied, the penetration of penicillin, cephalothin, and oxacillin 
appeared to be higher with multiple versus single dosing. 
Penetration of penicillin in the patients with carcinoma-
tous e�usions was found to be lower than that of infected 
patients. �e  limitation of the study is that it did not follow 
simultaneous pleural �uid and plasma drug concentrations 
over time.

Another study was conducted in 16 patients with either 
infected or sterile pleural e�usions. �ree groups contained 
patients with sterile pleural e�usions assigned to receive 
cipro�oxacin as either a single IV 200 mg dose (n = 7), a 
single oral 750 mg dose (n = 3), or multiple doses of 750 mg 
for 3 days (n = 3). A fourth group contained patients with 
an infected e�usion receiving oral cipro�oxacin 750 mg 
for 10 days (n = 3). Simultaneous serum and pleural �uid 
samples were taken from all patients and were obtained at 
steady state for those receiving multiple doses.

�is study makes interesting comparisons in that it 
examines single versus multiple dosing and the penetra-
tion of uninfected with infected tissue. �e results from this 
study are illustrated in Figure 10.8 and Table 10.1.19

�e cipro�oxacin peak pleural �uid concentration to 
serum ratio was the highest and reached most quickly in 
patients who were infected and received multiple doses. 
Drug levels in both the serum and pleural �uid were higher 
with multiple versus single dosing. �e Tmax of the pleural 
�uid lagged behind that of the serum from 3 to 4 hours in 
uninfected patients. In the infected group (Group 4), the 
Tmax in the pleural �uid was shorter than that of the plasma 
(1 hour vs. 2 hours, respectively), leading to the conclusion 
that drug penetration may be faster and greater in infected 
patients. Finally, in all patient groups, elimination of drug 
from the pleural �uid was much slower than that of the 
plasma.19

�e pleural pharmacokinetics of moxi�oxacin, a broad-
spectrum quinolone commonly used for treatment of 
 community-acquired pneumonia was studied in patients 
with empyema/parapneumonic e�usion (n=12) and malig-
nant pleural e�usions (n=12) [1]. Following a single dose of 
IV moxi�oxacin 400mg, the mean Cmax in pleural �uid was 

Group 1: Concentration–time pro�le following a single(a)
cipro�oxacin 200 mg IV dose (n = 7)
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Group 2: Concentration–time pro�le following a single(b)
cipro�oxacin 750 mg PO dose (n = 3)
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Group 3: Concentration–time pro�le following the(c)
sixth cipro�oxacin 750 mg PO BID dose (n = 3)
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Group 4: Concentration–time pro�le following the sixth
cipro�oxacin 750 mg PO BID dose in empyemic patients (n = 3)
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Figure 10.8 Penetration of ciprofloxacin into sterile (Groups 1–3) and empyemic (Group 4) human pleural fluid. (From 
Joseph J, Vaughan LM, Basran GS, Ann Pharmacother, 28[3], 1994.)
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found to be 0.5–0.7 times lower than that of plasma, how-
ever the AUC0-24hr was comparable or greater than that of 
plasma in both groups. �e AUC0-24hr in patients with pleu-
ral infection (31.83 mg.h/L±23.52) suggests wide variation 
between patients. �e key �nding from this study was the 
delay in Tmax observed in infected (7.5 hrs±2.39) and malig-
nant (3.58 hrs±1.38) e�usions when compared to plasma 
(1hr±0). �ese data suggest that moxi�oxacin penetrates 
su�ciently into pleural �uid in both malignant and infec-
tive disease states although greater variability in penetration 
is observed in patients with empyema and parapneumonic 
e�usions and penetration is likely to be delayed.

Vancomycin was found to readily penetrate to the pleu-
ral �uid of 16 uninfected patients who  underwent thora-
cotomy for the treatment of bronchial cancer.  �e patients 
received vancomycin as either a 15 mg/kg intermittent infu-
sion twice daily (n = 8) or a 500 mg  loading dose  followed by 
a 30 mg/kg continuous infusion presumably over 24 hours (n 
= 8).33 Following intermittent infusion, Tmax in pleural �uid 
lagged behind plasma by approximately 1 hour. Although 
the average vancomycin Cmax achieved in pleural �uid (19 
± 4.8 µg/mL) was much lower than serum (48.3 ± 14.9 µg/
mL), the penetration ratio measured by the AUC0-12 ratio for 
pleural �uid to blood was high at 0.88 ± 0.07. �is can be 
explained by the slower Cl of vancomycin from the pleu-
ral space and therefore greater total drug exposure. Similar 
penetration was observed with continuous vancomycin 
infusion with an AUC0-12 pleural to plasma ratio of 0.86 ± 
0.14. Concentrations in both blood and pleural �uid, how-
ever, were much more sustained with continuous infusions 
when compared to intermittent infusions. It should be noted 
that blood samples were not obtained beyond the 12-hour 
time point or at steady-state distribution equilibrium. �us, 
it would be of interest to know the true lag time for pleural 
�uid to reach its Cmax in relation to serum had more samples 
been obtained once a steady state was achieved.

Although the average vancomycin AUC0-12 was similar 
between groups, higher concentrations were achieved more 
quickly in patients who received the loading dose followed 
by continuous infusion. As may be expected, higher con-
centrations were longer sustained in the pleural �uid with 
administration via continuous infusion. Despite its large 
molecular size and poor lipid solubility, vancomycin read-
ily reached the pleural �uid in these patients with admin-
istration by both intermittent and continuous infusion. 
A possible explanation of the large degree of pleural �uid 
penetration may be lung in�ammation that may be associ-
ated with malignancy.

Linezolid is an alternative treatment option to vanco-
mycin for methicillin-resistant Staphylococcus aureus. 
Linezolid has demonstrated tissue penetration superior 
to vancomycin in other studies and therefore may have a 
favorable pharmacokinetics for the treatment of pleural 
infection. Pleural �uid and plasma samples of linezolid 
were measured in two patients receiving multiple doses 
of IV linezolid for either treatment or prophylaxis of 

mediastinitis. Although simultaneous serum and pleural 
�uid concentrations were not measured, the penetration 
of linezolid in the pleural space was high with an AUCplf/

serum ratio of 1.64. Similarly, animal studies have also dem-
onstrated favorable pleural penetration characteristics of 
linezolid. Further studies in patients with infective pleural 
e�usions are required.35,37

A number of studies investigating penetration of  various 
formulations of amphotericin B (AMB) into pleural e�u-
sions have been performed. Available lipid preparations 
include amphotericin B lipid complex, amphotericin col-
loidal dispersion, and liposomal amphotericin (LAMB). 
Each formulation di�ers in size, shape, lipid composition, 
stability, and therefore pharmacokinetics and toxicity vary 
between formulations.38 Signi�cant di�erences in phar-
macokinetics for di�erent formulations are well estab-
lished, although clinically similar e�cacy is seen for most 
infections.

Weiler et al.20 found that concentration of amphotericin 
lipid preparations in pleural e�usions of seven critically 
ill patients was signi�cantly lower than plasma samples 
(p = 0.03). Penetration of AMB into pleural �uid was low, 
with the highest concentration (0.43 mcg/mL) achieved 
 following 4 days of treatment with LAMB at a dose of 
300  mg daily achieving a total pleural to serum ratio of 
only 6%. Fitting with other studies, the two patients who 
achieved the highest concentrations of AMB were the only 
two patients who met the criteria for an exudate, suggesting  
that local in�ammation may play a key role in penetration 
of AMB.

In general, only AMB liberated from its lipid encapsula-
tion penetrated signi�cantly into the pleural �uid; however, 
the overall penetration ratio was low and variable ranging 
from 3% to 44%. Limitations to the study included hetero-
geneous clinical conditions of patients and di�erences in 
cumulative dosing.

 Intrapleural administration of antibiotics

�e use of aminoglycosides in parapneumonic e�usion or 
empyema is not recommended as �rst-line therapy. �is 
is because the aminoglycoside antibacterial activity may 
become compromised in an acidic environment with low 
oxygen content, as may exist in an infectious locus.

�ys et al.24 conducted a study comparing intrapleural 
with systemic administration of amikacin, which clari�es 
several interesting points.24 A total of 20 post-thoracotomy 
patients were given a single dose of amikacin either IV or 
intrapleurally. �e pleural �uid of these patients was not 
infected, but contained an increased mean protein level of 
3.4 ± 0.2 g/dL. Pleural �uid and serum drug concentrations 
were simultaneously collected and compared.

�e serum Cmax at 0.5 hours postdose was 31.2 ± 2.3 μg/
mL for systemic administration and 14.1 ± 24.7 μg/mL 
for intrapleural administration. It is evident that systemic 
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distribution did occur without delay in intrapleural admin-
istration, but was half when compared with systemic 
administration. �e peak pleural �uid to serum concen-
tration ratio was 43% and occurred within 0.5–2 hours of 
systemic administration. Amikacin was cleared from the 
pleural �uid at a rate half that for serum.

It has become quite apparent that the Cl of drug from the 
pleural �uid lags behind that of the plasma. �is may be ben-
e�cial for agents that display “time-dependent”  versus “con-
centration-dependent” activity, but toxicity may become 
an issue with agents that have a small therapeutic window. 
Intrapleural administration resulted in an exceedingly 
high peak concentration of amikacin (3374 ± 983 μg/mL). 
�is suggests that a lower dose may be used in  intrapleural 
administration since toxicity is a concern. Systemic distri-
bution occurred from the pleural space almost immediately, 
and the elimination rate was unchanged compared with the 
group that received systemic administration. Since these 
patients had suction-assisted elimination, the e�ect of the 
high pleural concentration compared with serum concen-
tration is unclear over time.

Animal data

�e main reason why data are lacking on the penetration of 
antimicrobial agents in infected e�usion is the di�culties 
in performing studies with multiple doses of  medication 
in acutely ill patients over an extended period of time. 
�e  pleural empyema rabbit model (Table 10.2) provides 
us with pertinent information that is di�cult to be gath-
ered in human trials.39–46 Although there are undoubt-
edly  di�erences between the rabbit and human pleural 
structures and physiology, these studies provide insight 
into the relationship between pharmacokinetics of the 
serum and  pleural �uid and the degree of penetration of 
the  mesothelium by antimicrobial agents during pleural 
infection.

Animal studies indicate that drug penetration into 
empyema is reasonably good despite �brin encasement 
and pus content. Penetration in animals was compared not 
only by average Cmax pleural �uid to serum ratios but also 
by AUC ratios. Depending on the pharmacodynamic char-
acteristics of the drug, the AUC may or may not be more 
important than peak drug concentrations in relation to kill-
ing of a pathogen.

Conclusions regarding antibiotics

In general, most antibiotics do attain therapeutic con-
centrations in the pleural space to varying degrees; 
however, these concentrations lag behind those of the 
serum. Delayed peak concentration is unlikely to be an 
issue with multiple dosing. �e quinolones, penicillins, 
and aminoglycosides seem to penetrate the pleural �uid 
especially well, although the aminoglycosides cannot be 

recommended. Antibiotic elimination from the pleural 
space lags behind that of the serum. �is may be bene�-
cial to treat infection but  accumulation may occur with 
multiple dosing and caution is advised when administer-
ing toxic agents. �e lag in Cl of the pleural �uid indicates 
that AUC pleural �uid to serum ratios will exceed peak 
pleural �uid to serum ratios for many agents. �erefore, 
while the pleural �uid peak is lower, total drug exposure 
may be closer in range. Although unnecessary in the 
majority of cases, intrapleural administration of antibiot-
ics o�ers the advantage of achieving higher peak  pleural 
�uid levels and may be considered in special cases. Its 
clinical e�cacy, however, requires evaluation before this 
approach can be recommended. Further, the e�ects of 
the  extraordinary peaks and the possibility and degree of 
drug  accumulation are not known.

ANTINEOPLASTIC AGENTS

Since the pharmacological intent of anticancer agents is 
to destroy cells, and these agents e�ectively do so without 
discrimination between healthy and  malignant cells, anti-
neoplastic agents are undoubtedly the most toxic drugs 
administered to humans. �e  greatest challenge in the 
drug therapy of malignancy lies in the  creation of a  balance 
between e�cacy and safety. Dosage  administration design 
presents an opportunity to artfully manipulate the bal-
ance between e�cacy and safety through not only dosage 
adjustment but also by route of administration. Intrapleural 
chemotherapy for the treatment of pleural malignancies, 
especially mesothelioma and malignant pleural e�usions, 
has attracted considerable attention. �e �nal focus of this 
chapter is the pharmacokinetics associated with the intra-
pleural administration of anticancer chemotherapy agents.

 Intrapleural administration of anticancer 
chemotherapy agents

�e rationale for the intrapleural administration of toxic 
anticancer chemotherapy is to maximize drug exposure and 
the subsequent killing of malignant cells while minimizing 
systemic exposure of healthy cells to the toxic agents. �e 
main concern with intrapleural administration is the move-
ment of drug into the systemic circulation.

�e theoretical movement of intrapleurally administered 
drug from the pleural space to the systemic circulation is 
proposed to follow the basic pharmacokinetic principles of 
a two-compartment model except that drug administra-
tion would take place directly to the peripheral compart-
ment (Figure 10.4). �ese are the same principles set out in 
the previous section to describe the pharmacokinetics of an 
intrapleurally administered antibiotic.

�e reversible movement of drug from the pleural 
 cavity to the systemic circulation may be quanti�ed by 
the distribution rate constants between compartments, 
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k21 and k12 (Figure 10.4). �is movement would depend on 
the concentration gradient established between the pleu-
ral cavity and the rest of the body as well as the physio-
chemical properties of the administered agent (molecular 
weight, protein binding, and isoelectric properties). �e 
pharmacokinetics may potentially be in�uenced by the 
local e�ects of malignant tumor, changes in physiology of 
the pleura due to surgery/treatment, and the underlying 
renal and hepatic function of the patient. Elimination of 
drug from the pleural �uid and the total body will also be 
in�uenced by biomedical interventions such as chest tube 
drainage of the pleural cavity that is o�en used with anti-
cancer intrapleural chemotherapy. In�ammation, as in 
the case of infection, would be expected to increase drug 
 permeability of the mesothelium.

Elimination from the pleural cavity to the systemic cir-
culation, potentially supported mainly from the lymphat-
ics of the parietal pleura, may be blocked by malignancy 
and might also become saturated. As a result, drug move-
ment out of the pleural cavity may be a very slow  process 
 depending on the physiochemical drug properties and the 
patient. Since total body elimination of drug takes place 
strictly from the central compartment for most drugs, 
Cl from the body would be dependent on transfer from 
the pleura to the systemic circulation. Although intra-
pleural  administration would diminish systemic drug 
exposure, concerns still exist over systemic toxicity. Local 
toxicities also need to be considered when administer-
ing intrapleural chemotherapy. Most studies have shown 
acceptable toxicities with mild to moderate chest pain and 
dyspnea most frequently reported.47–53 However cases of 

severe  toxicities including interstitial pneumonitis and 
 pulmonary aspergillosis have been reported in three 
patients receiving intrapleural mitomycin C and doxoru-
bicin.54 �ese patients had prior visceral pleurectomy that 
may have contributed to drug access to the parenchyma. 
Similar toxicities have been reported with systemic mito-
mycin C.

Several well-conducted studies have examined the 
pharmacological e�ect as well as the pharmacokinetics 
of intrapleurally administered agents in the treatment of 
malignancy. Although not all inclusive, examination of the 
results of these pharmacokinetic studies (Table 10.3) leads 
to several important conclusions.47–61

 Maximization of intrapleural drug exposure

�e AUC reveals total drug exposure. Table 10.3 shows that 
the direct intrapleural administration of antineoplastic 
agents maximizes drug exposure of malignant cells located 
in the pleura or pleural e�usion, resulting in very high 
AUCs and peak (Cmax) concentrations in the pleural �uid. 
Pleural �uid AUC and Cmax are o�en several times higher 
than plasma with studies showing ratios of 47.5 for cis-
platin and over 1000 times higher for docetaxel and pacli-
taxel.47,51,62 �e advent of di�erent drug delivery systems, 
such as liposomal paclitaxel, may mean that drug exposure 
is not as high, with a pleural to plasma ratio of 28 but with 
signi�cantly less toxicity.58 Liposomal delivery systems may 
also o�er higher delivery of cytotoxic drugs into malignant 
tissue.56

Table 10.2 Antimicrobial agents in the pleural empyema rabbit model

Agent N Cmax PF/serum AUC PF/serum Tmax PF (hours) Reference

Clindamycin 2 0.40 0.74 6 44
Clarithromycin 3 0.82 1.57 1 41
Ceftriaxone 2 0.20 0.82 4 44
Gentamicin 2 0.10 0.50 1 44
Gentamicin 10 0.30 NA 3 39
Imipenem 3 0.08 ± 0.05 0.58 ± 0.17 0.5 45
Imipenem/cilastatin 3 0.06 ± 0.02 0.51 ± 0.11 0.5–1 45
Levofloxacin 3 0.74 1.13 6 46
Meropenem 3 0.06 ± 0.02 0.89 ± 0.13 0.5 45
Meropenem/cilastatina 3 0.07 ± 0.01 0.79 ± 0.04 0.5 45
Metronidazole 2 0.70 0.98 0.25 44
Moxifloxacin 15 0.71 2.01 1.5–2.5 40

Moxifloxacin 22 0.63 1.17 1.5–2.5 40
Moxifloxacin 3 0.58 1.37 6 46
Penicillin 2 0.30 2.31 2 41
Vancomycin 2 0.20 0.61 1 44

Abbreviations: NA, not available; PF, pleural fluid; Tmax, time to maximum drug concentration; AUC, area under the drug concentration-time 
curve; Cmax, maximum drug concentration.
aMeropenem was also studied with cilastatin because although stable in humans, meropenem is easily hydrolyzed by dehydropeptidase in 
rabbits.
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Jones et al.62 found that AUC did not necessarily correlate 
with dose for docetaxel, with a 50 mg/m2 intrapleural dose 
giving an AUC0-36 of 12,617 μmol·h/L and a 125 mg/m2 dose 
giving an AUC0-36 of 4,356 μmol·h/L. Possible explanations 

for nonlinear kinetics include saturable metabolism or 
changes in the Cl of the drug secondary to nonlinear drug 
binding to tissue proteins.

Table 10.3 Antineoplastic agents in the PF

Agent N Dose 
(mg/
m2)

Route
Concentrationa 
PF/serum

Cmax 
serum 
(mg/L) AUCa Cl (L/h)b

Reference

PF/
serum

Type PF Serum

Carboplatin 3 270 IP 166 ± 66 3.3 ± 1.1 48 ∞ 0.13 ± 
0.02

5.2 ± 
3.0

52

Cisplatinfree 3 60 IP 140 ± 19 1.1 ± 0.1 82 ∞ 0.19 ± 
0.0

10.6 ± 
1.2

52

Cisplatin

 Total 10 80 IP 59.6 1.8 10.9 24 hours 116.9c NA 60

 Free 10 80 IP 8.38 0.4 104 24 hours 10.5c NA 60

Cisplatin

 Total 3 90 IP NA 1 47.5 4 hours 5.68 122 51

 Free 3 90 IP NA 2.3 NA NA NA NA 51

Cisplatin 7 90 IV NA 2.3 NA NA NA 132 51

Cisplatin

 Total 11 100 IP NA NA 28.6 4 hours 28 ± 
14.3

NA 55

 Free 11 100 IP NA NA 47.6 4 hours NA NA 55

Cisplatintotal 14 153–203 IP 129.25 1.5 NA NA NA 8.7 ± 
6.5

61

Cisplatin

 Total 10 200 IP NA 2.1 27 ± 
4.6

48 hours NA NA 53

 Free 10 200 IP NA 0.8 23 ± 
9.2

48 hours NA NA 53

Cisplatin

 Total 7 200 IP NA 2.0 25 ± 
6.2

48 hours NA NA 53

 Free 7 200 IP NA 0.8 37 ± 
7.7

48 hours NA NA 53

Methotrexate 12 30 IP 157 NA NA NA 2.6 3.9 48

Mitomycin 11 8 IP NA NA 195.7 ∞ 2.3 ± 1.0 5.5 ± 4 55

Etoposide 10 80 IP 58 3 36.9 24 hours 62.5c NA 60

Etoposide 1 100 IP 68 2.5 210 ∞ NA NA 49

Etoposide 4 100 IP NA NA 31 ∞ 2 NA 50

Etoposide 2 150 IP NA NA 16 ∞ 1.5 NA 50

Etoposide 2 225 IP NA NA 23 ∞ 2 NA 50

Mitomycin 3 15 IP NA NA 96 ±41 90 
minutes

NA NA 54

Doxorubicin 4 15 IP NA NA 241±83 90 
minutes

NA NA 54

Paclitaxel

 Liposomal 9 125 IP 45.4 12.9 28.9 96 hours 0.005 
L/h·m2

NA 58

 Free 2 125 IP 9.3 26.4 NA NA NA
Paclitaxel 8 120 IP NA 0.003±0.005 8222d 24 0.49e NA 48

Paclitaxel 1 80 IP 977f 0.11 3574 96 NA NA 59

(Continued)
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 Systemic drug distribution and elimination

As mentioned previously, in order for the drug to be elimi-
nated from the body, it must �rst be transferred from the 
pleural cavity to the systemic circulation through which 
it may reach the organs of metabolism and elimination, 
mainly the liver and kidneys. Many factors may a�ect 
the systemic distribution, including water solubility and 
molecular weight of the drug, protein binding, obstruc-
tion of lymphatic vessels, changes in vascular permeabil-
ity, saturable metabolism, and reduced blood �ow through 
areas of the lung partially collapsed or blocked by a tumor. 
Bogliolo et al.51 administered cisplatin 90 mg/m2 intrapleu-
rally to four patients and IV to seven patients and showed 
that average plasma Cmax was twice as high in patients given 
the drug  IV. �e Cmax of free platinum was three times 
higher with IV administration than for pleural admin-
istration. �e administration of cisplatin 80 mg/m2 in 10 
patients with malignant pleural e�usions in another study 
resulted in an average Cmax pleural �uid concentration of 
total platinum of 104.4 mg/L compared with 1.75 mg/L in 
the plasma which was reached 8 hours following intrapleu-
ral administration. �e average Cmax of free platinum in the 
plasma occurred only 1 hour a�er intrapleural administra-
tion. �e pleural �uid elimination t1/2 of total platinum was 
116 hours.60

A study by Lombardi et al.47 showed that when pacli-
taxel 120 mg/m2 was administered intrapleurally, Cmax 
was high at 478 mg/L with much lower concentrations in 
plasma 0.003 mg/L, and drug elimination from the pleu-
ral compartment was generally slow with a mean t1/2 of 
68.4 hours.

Liposomal formulations of paclitaxel have been shown to 
have about twofold AUC0-96 and t1/2 than those of free pacli-
taxel, indicating that liposomal paclitaxel gives a steady 
release of low levels of free paclitaxel, which might help to 
reduce toxicity and improve local e�cacy.58

Multiple studies show that drug administration to the 
pleural space does move to the systemic circulation. Free 
drug seems to move at a greater rate than drug that is protein 

bound, as seen in di�erences in Cmax and t1/2. Intrapleural 
administration results in much lower plasma and AUC 
levels than systemic administration, thereby decreasing 
 potential for systemic toxicity.

Conclusions regarding antineoplastic 
agents

�e intrapleural administration of an anticancer chemo-
therapeutic agent results in much higher intrapleural expo-
sure compared with systemic exposure, as shown by the 
di�erences in drug AUC. A reduction in peak levels of drug 
in plasma is also seen when compared to IV administra-
tion, therefore minimizing adverse e�ects associated with 
high plasma concentrations of drug. Nevertheless, due to 
the slow distribution of drug into the systemic circulation, 
both total body elimination and intrapleural exposure is 
prolonged and therefore systemic and local toxicities need 
to be considered.
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11
Experimental models: Pleural disease

GEORGIOS T. STATHOPOULOS, Y.C. GARY LEE, AND BRUCE W.S. ROBINSON

KEY POINTS

 ● Animal models have been valuable in the study of the pathogenesis of pleural diseases. �ere are currently 
experimental models for most of the common pleural pathologic processes, including malignancy and infection.

 ● In vitro studies allow the study of mesothelial and other cells that may engage in the pathogenesis of pleural diseases 
in isolation. In vitro experiments can help explain pathologies observed in animal or human studies. Conversely, 
novel information derived from cell culture experiments can be tested in vivo using appropriate animal models.

 ● In vivo studies are essential in evaluating new therapeutic options for pleural diseases, in assessing the pharmacokinetics 
of drug delivery to the pleura, and in examining physiologic changes in the pleural space in health and disease.

 ● It is critical for researchers to understand the characteristics and limitations of experimental models available to 
use the most appropriate method that can best answer the scienti�c question asked.

 ● Researchers must adhere to standard guidelines for animal care and gain approval from local ethics committees. 
Every e�ort should be made to minimize animal discomfort and the number of animals required.

 ● Advances in biomedical technology, e.g., novel methods for gene transfer; genetically engineered mice, cells, and 
bacteria; as well as new imaging methods, allow the design of increasingly sophisticated models.
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 IN VITRO MODELS OF PLEURAL 
PATHOBIOLOGY

Although in vivo studies are the most representative of 
active pathological events, in vitro studies are convenient 
and provide valuable information. �e study of cultured 
mesothelial, cancer, vascular, and immune cells in isolation 
can provide important information on pleural pathophysi-
ologic processes. Periodic revalidation of cell lines using the 
short tandem repeat method is crucial to ensure the validity 
of in vitro studies.1

CULTURING MESOTHELIAL CELLS

Pleural mesothelial cells actively participate in the 
 pathogenesis of most pleural diseases and of some extra-
pleural (i.e., pulmonary) diseases, and their study in cul-
ture conditions o�en yields clues on disease mechanisms.2 
Commercial mesothelial cell lines are usually transformed 
and behave di�erently from normal cells; hence investiga-
tors o�en harvest primary pleural or peritoneal mesothelial 
cells from animals, e.g., rabbits or mice, for their studies. 
Principles of harvesting such cells and points of caution 
are summarized in Annex 11.1. Although their biologic 
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(Continued)

behaviour is likely similar, it would be ideal to use pleu-
ral and not peritoneal mesothelial cells to address pleural 
pathophysiology. Normal human pleural mesothelial cells 
are di�cult to obtain, have most commonly been isolated 
from pleural e�usions associated with heart failure, and 
may not be truly physiologic. Culture methods of human 
and animal mesothelial cells are similar.3,4

Pleural mesothelial cells have been used to study cytokine 
and receptor expression in response to various infectious 
or malignant stimuli,5–8 principally to investigate the bio-
logic processes implicated in mesothelial-to-mesenchymal 
transition and the consequent �brosis.9,10 �ey are also used 
to study the cellular transformation process that results in 
mesothelioma.11,12 Other studies have been performed on 
intact mesothelial barriers in situ, most commonly obtained 
from sheep,13,14 but also from humans.15 Chambers and spe-
cial voltage clamps have been used to measure transpleural 
resistance.

 CULTURING PLEURAL MALIGNANT CELLS

Mouse and human mesothelioma cell lines established 
from malignant pleural mesothelioma (MPM) pro-
vided insights into mesothelioma genotype and pheno-
type, as well as antitumor agent response. Some human 

mesothelioma cell lines are available from institutional or 
commercial vendors and one has been characterized for 
mutation status (MSTO-211H has a c.1_150del150 CDKN2A 
mutation; see http://cancer.sanger.ac.uk/cell_lines/sample 
/overview?id=908152). No mesothelioma cell line has been 
included into the National Cancer Institute's NCI-60 anti-
cancer panel, a powerful tool for the screening of candidate 
anti-cancer compounds.16 Likewise, mouse mesothelioma 
cell lines are sparse. �is lack was compensated by Perth-
based investigators, who have generated and character-
ized murine mesothelioma lines from C57BL/6 (AE17), 
CBA (AC29), and Balb/c (AB1, AB12, AB22) mice induced 
by asbestos instillation.17,18 A list of available human and 
murine mesothelial and mesothelioma cell lines is pre-
sented in Table 11.1.

Cultures of mesothelioma cells have been the basis of 
numerous studies on mesothelioma biology25 and have 
facilitated extensive drug screening.28 For example, the 
mesothelioma marker mesothelin29 was recently shown to 
be intimately linked with mesothelioma biology.30 In addi-
tion, the reappraisal of the importance of EGFR mutations 
in mesothelioma31 has prompted detailed studies on the 
e�ects of EGFR inhibitors on mesothelioma cell lines and 
the mechanisms of their chemoresistance.32 �ese works 
provided the basis for animal experiments and some clinical 

Table 11.1 Commercially available mesothelial and mesothelioma cell lines

Designation Vendor Product No. Description Reference

Met5A ATCC CRL-9444 Simian virus 40 (SV40)-transformed human 
pleural mesothelial cells. Epithelial-appearing 
adherent cells.

19

H-MESO-1 NCI - Human malignant mesothelioma. 19
MSTO-211H CB CSC-C2540 Cell line established from the pleural effusion of 

a 62-year-old Caucasian man with malignant 
biphasic mesothelioma. Adherent fibroblast-like 
cells growing as monolayers.

20

DM-3 CB CSC-C2541 Cell line established from a pleural biopsy of a 
62-year-old man with malignant mesothelioma. 
Adherent, sarcomatoid cells growing in 
monolayers.

21

JL-1 CB CSC-C2542 Cell line established from the malignant pleural 
epithelioid mesothelioma of a 54-year-old man 
in 2003. Adherent, epithelial-like cells growing 
in monolayers.

21

RS-5 CB CSC-C2543 Cell line established in 2003 from the MPM of a 
78-year-old man. Adherent, sarcomatoid-like 
cells forming monolayers.

21

M14K - - Human epithelial mesothelioma. 19, 22, 23
ZL34 - - Human sarcomatoid mesothelioma. 19, 22, 23
SPC212 - - Human mixed mesothelioma. 19, 22, 23
JU77 CBA CBA-0140 Human malignant mesothelioma. 24, 25
LO68 CBA CBA-0141 Human malignant mesothelioma. 24, 25
NO36 CBA CBA-0142 Human malignant mesothelioma. 24, 25
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trials. Other recent �ndings of work utilizing mesothelioma 
cell lines includes the discovery of nanotubules that facili-
tate intercellular transfer of cytosol and organelles between 
mesothelioma cells,33,34 the identi�cation and characteriza-
tion of tumorigenic precursor (side-population) cells, and 
the identi�cation of cancer-associated �broblasts that gen-
erate a cytokine network in mesothelioma.35

In addition to mesothelioma, cultured cell lines of 
adenocarcinomas and other tumors that cause metastatic 
malignant pleural e�usions (MPE) are also widely used to 
elucidate the relevant pathophysiology. Several studies have 
identi�ed that di�erences in transcription factor activation 
or mediator elaboration between di�erent tumor cell lines 
may account for their propensity for MPE precipitation.36,37 
Although in vitro studies have been useful, it is generally 
accepted that primary and metastatic tumor cells in the 
pleural space initiate a signaling network to the host vas-
culature, immune system, and tumor stroma.35,38 To over-
come the limitations of isolated cell culture outlined above, 
investigators have devised novel in vitro systems for culture 
of mesothelioma and MPE-associated adenocarcinoma tis-
sues in the form of spheroids, based on a technique previ-
ously developed for culture of intact bronchial mucosa.39–41 
�is model closely emulates the in vivo microenvironment, 
has increasingly been applied to a variety of tumors, and is 

expected to be an improved system for ex vivo studies of 
pleural tumor biology.42–44

 EX VIVO SYSTEMS FOR THE STUDY OF 
PLEURAL PATHOPHYSIOLOGY

A multitude of cells, including resident mesothelial, 
in�ammatory, endothelial, pulmonary, and/or malignant 
cells, all play a role in the pathogenesis of pleural diseases. 
�ese disease processes o�en involve pleural vascular 
hyperpermeability, juxtapleural new vessel formation 
(angiogenesis), and pleural in�ammation, and are regulated 
by a complicated network of host- and tumor-derived 
signalling mediators. Although unable to recapitulate 
intravital systemic complexity, some ex vivo models for the 
isolated study of pleural pathophysiologic processes have 
been developed.

�e chick embryo chorioallantoic membrane (CAM) can 
be used for the study of angiogenesis. Due to its extensive 
vascularization and accessibility, the CAM has been used 
extensively to study morphofunctional aspects of the angio-
genic process and can be adapted very easily to study pleu-
ral angiogenesis. Tumor cells are o�en placed on the CAM, 
causing an increase in vessels around the gra�, which can 
be digitally quanti�ed. �e CAM assay is relatively simple, 

Designation Vendor Product No. Description Reference

ONE58 CBA CBA-0143 Human malignant mesothelioma. 24, 25
AB1 CBA; PHE; 

SA
CBA-0144 Mice (BALB/c strain, female, 6–8 weeks old) 

were exposed to crocidolite asbestos through 
intraperitoneal injection, resulting in tumor 
development. Cultures were established from 
malignant mesothelial cells obtained from 
ascites fluid. Fibroblast-like but show a typical 
epithelial “cobblestone.”

17, 26, 27

AE17 CBA; PHE; 
SA

CBA-0156 Mice (C57BL/6 strain female 6-8 weeks old) 
were exposed to crocidolite asbestos through 
intraperitoneal injection resulting in tumor 
development (both ascites and solid tumors). 
Cultures were established from malignant 
mesothelial cells obtained from ascites fluid. 
Cells are tumorigenic in syngeneic 
immunocompetent mice.

18

AB12 CBA CBA-0146 Balb/c murine mesothelioma, generated similar 
to AB1 cells.

24

AB22 CBA CBA-0148 Balb/c murine mesothelioma, generated similar 
to AB1 cells.

24

AC29 CBA CBA-0152 CBA-strain murine mesothelioma, generated 
similar to other murine mesothelioma cell lines.

24

Abbreviations: ATCC, American Type Culture Collection. Full catalogue and conditions of shipment at http://www.lgcstandards-atcc.org/; CB, 
Creative Bioarray. Full catalogue and conditions of shipment at http://www.creative-bioarray.com/human-tumor-cells/48-Mesothelioma-cells-
list-1.htm; CBA, Cell Bank Australia. Full catalogue and conditions of shipment at http://www.cellbankaustralia.com/; NCI, Developmental 
Therapeutics Program, Division of Cancer Treatment and Diagnosis Tumor Repository. Full catalogue and conditions of shipment at http:// 
dtp.cancer.gov/branches/btb/tumor-catalog.pdf; PHE, Public Health England. Full catalogue and conditions of shipment at http://www. 
hpacultures.org.uk/; SA, Sigma-Aldrich. Full catalogue and conditions of shipment at http://www.sigmaaldrich.com/.

Table 11.1 (Continued ) Commercially available mesothelial and mesothelioma cell lines
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quick, and inexpensive. Its major disadvantage is di�culty 
discriminating between new capillaries and already exist-
ing ones.45

To study tumor-induced in�ammation, chemotaxis 
assays may be useful. Tumor cells located in the pleural 
space secrete in�ammatory mediators that result in the 
in�ux of host in�ammatory cells in this region. Chemotaxis 
can be examined in a Boyden chamber, where in�ammatory 
cells are seeded onto the top compartment and tumor cells 
in the bottom. �e compartments are divided by a mem-
brane with varying pore diameter—e.g., 8-μm pore size is 
appropriate for mononuclear chemotaxis assays. A�er a 
period of incubation the number of top-to-bottom transmi-
grated cells can be determined.37

In vitro vascular permeability assays can be performed 
similarly, using Boyden chambers (1.0- to 3.0-μm pore size). 
Endothelial cells are seeded onto collagen-coated inserts 
and grown till con�uent. �e endothelial monolayer is then 
treated with cytokines, growth factors, or other reagents 
of interest. A�er treatment, a tracer molecule, e.g., FITC-
labeled albumin, is added on top of the cells, and incubation 
for �nite time-periods allows the tracer to permeate through 
the cell monolayers. Permeability is assessed by measuring 
the �uorescence intensity in the bottom compartments.46

 ANIMAL MODELS OF PLEURAL 
DISEASES

�e pleura is involved in many pleural, pulmonary and 
systemic disorders. In vivo studies have tremendously 
enhanced understanding of the etiology of various pleural 
diseases. While in vitro studies can provide information on 
isolated cell types, pleural pathologies are inevitably a result 
of complicated interactions between resident mesothelial 
and in�ltrating (e.g., in�ammatory, malignant) cells, which 
can only be adequately studied in vivo. In addition, animal 
studies are required for the evaluation of novel therapeu-
tic modalities, for the study of pleural-directed pharma-
cokinetics, and for the investigation of physiologic pleural 
responses. �e ideal animal model should accurately rep-
resent the human disease under investigation; be readily 
available, a�ordable, and easy to handle; yield reproducible 
results; and provide adequate biologic samples for analysis.47 
While most animal models cannot exactly emulate human 
disease, a good animal model has su�cient similarity to 
provide useful insights. A large number of animal models 
have been employed in the investigation of pleural diseases. 
�e design of meaningful in vivo experiments demands a 
good understanding of the advantages and limitations of 
the available models. �is chapter outlines the species and 
methods used in pleural disease studies, as well as the pros 
and cons of speci�c models for di�erent pleural diseases. 
In general, there is no substitute for careful planning: the 
objectives, methods, and experimental endpoints should 
be clearly de�ned in advance. Investigators must attempt 

to minimize the number of animals sacri�ced and the pain 
or distress to each animal, must obtain approval from local 
animal care committees before experiments are performed, 
and must adhere to national and international guidelines. 
The Guide for the Care and Use of Laboratory Animals is 
one of the most commonly used reference guides.48 In many 
countries, researchers must attend training courses prior to 
using animals.49 Finally, expert veterinarian advice should 
be available to ensure the above.

MODEL SETUP

Rabbits, mice, rats, dogs, guinea pigs, and sheep are com-
monly used in pleural disease investigations. �e choice 
of species depends on size, anatomy, cost, availability of 
reagents, possibility of genetic manipulation, etc. Smaller 
animals (e.g., mice) cost less, have a range of reagents avail-
able for their study, can be examined as inbred or transgenic 
models, and are easier to handle, but render intrapleural 
injection di�cult and provide limited amount of material 
for examination. Of note, many animals (e.g., mice, dogs), 
have incomplete mediastina, prohibiting the use of the con-
tralateral pleura as a control;50 others (e.g., sheep) have a  
thick visceral pleura resembling that of humans; whereas 
some (e.g., rabbits, mice) have a thin visceral membrane, 
with implications for pleural �uid and particulate trans-
port. Along other lines, enzyme-linked immunosorbent 
assays (ELISA) are usually available only for humans and 
mice. Knowledge of the genomic sequence of the species 
and the availability of research tools to manipulate gene 
expression is a major consideration during model setup. 
Currently, the mouse (Mus musculus) has emerged as the 
most popular choice for pleural disease investigations, 
for the following reasons:51–53 (1) the mouse and human 
genome share substantial homology; (2) a wide array of 
genetically engineered mice are available; (3) the large lit-
ter size of M. musculus makes breeding timelier and eas-
ier; (4) high-throughput genotyping methods (e.g., using 
genomic DNA from tail fragments) have been developed for 
the mouse; and (5) many inbred mouse strains have been 
isolated over the years that share a great degree of genetic 
identity, reducing experimental variability. Moreover, dif-
ferences between inbred mouse strains can be exploited to 
discover mechanisms of disease. �e use of novel biotech-
niques in the mouse has greatly enhanced pleural research. 
Novel gene overexpression vectors,54,55 gene knockout and 
knockin mice,56–58 systems of conditional and/or inducible 
gene overexpression or elimination,59,60 and RNA interfer-
ence61,62 are anticipated to further boost pleural disease 
investigations.

�e next question is how to deliver the experimental 
agent to the pleural space. Direct intrapleural injection with 
a �ne needle is the least invasive. Small injection volumes 
(0.05 and 0.5 mL for mice and rabbits, respectively) are ade-
quate, since negative pleural pressures allow the injectate 
to be distributed throughout the pleural surface, render-
ing rotation of the animals unnecessary.36,63 Alternatively, 
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small plastic “chest tubes” can be inserted into the pleural 
space (see Annex 11.2). �is has the advantage of allowing 
repeat intrapleural administration of reagents, pleural �uid 
sampling, or lavage of the pleural cavity. �e longitudinal 
data provided help reduce the number of animals required 
in time-course studies and, in studies of pleurodesis, chest 
tube insertion more closely resembles clinical practice. 
�oracotomy/thoracoscopy have also been used to deliver 
material into the pleural space, but are more invasive.66,67

Several parameters are commonly used as end points in 
animal pleural studies. In lethal models, survival is a de�ni-
tive end point. Pleural tissues can be collected at autopsy for 
macroscopic and/or microscopic examination and assess-
ment of in�ammatory or malignant changes. For pleural 
�brosis studies, the pleura can be macroscopically graded 
for adhesions, which correlates well with histologic colla-
gen deposition and pleural thickening.64,68 �e volume of 
pleural �uid produced, as well as its cellular and protein 
contents, may serve as surrogate markers for in�ammation 
or tumor progression. Pleural vascular permeability can 
be determined by measurement of the pleural �uid levels 
of a labeled tracer protein a�er intravenous injection (e.g., 
Evans’ blue- or FITC-labeled albumin). Blood samples can 
be used for comparison with intrapleural mediator levels, 
to evaluate systemic responses, and to study the pharma-
cokinetics of intrapleurally delivered drugs. Imaging tech-
niques are increasingly applied to pleural research to allow 
longitudinal monitoring of pathophysiologic processes. 
Transthoracic ultrasonography has been used to detect and 
grade pleurodesis in live rabbits,68 and bioluminescence 
imaging was able to monitor tumor burden in mouse mod-
els of pleural cancers.69,70

 SPECIFIC PLEURAL DISEASE MODELS

 Models for pleural fibrosis/pleurodesis

�e study of pleural �brosis (called pleurodesis when iat-
rogenic), frequently employed to treat recurrent pleural 
e�usions and pneumothoraces (see Chapter 44) is a com-
mon indication for animal studies.71 �e rabbit model is 
most commonly used in pleurodesis studies, though sheep, 

rats, dogs, pigs, and occasionally mice have been employed. 
Common pleurodesing agents yield similar results when 
applied to di�erent species.64,67,72–75 Conventional agents, 
e.g., talc, doxycycline, and bleomycin, induce acute pleural 
in�ammation and denudement of mesothelial cells.68,76,77 
In�ammation may resolve (failed pleurodesis) or persist 
and lead to collagen deposition, �brosis, and symphysis.78 
Chemical-induced pleurodesis usually ensues within 14 
to 28 days; however, cytokine-induced pleural �brosis can 
be seen as soon as a�er 24 hours.64 Pleural �brosis can be 
graded macroscopically at autopsy (Table 11.2) and pleural 
thickening and collagen deposition can be measured micro-
scopically or biochemically, always using the contralateral 
pleural space as control.64,79 In addition, rabbit pleurode-
sis can be quanti�ed using transthoracic ultrasound.68 
Although animal pleurodesis studies are performed on 
normal pleurae and human pleurodesis is usually applied to 
patients with abnormal pleurae, results from animal mod-
els are similar to those from clinical investigations, fur-
ther validating the usefulness of animal models of pleural 
�brosis.79,80 �ere are no available models for pleurodesis 
in MPEs. Most MPE models are created in mice, and only 
recently was pleurodesis achieved in these animals.81 On the 
other hand, pleurodesis has been accomplished in animals 
with pneumothorax.79,82

 Models for metastatic malignant pleural 
effusion

MPE most commonly resulting from adenocarcinomas 
with metastatic pleural involvement and less frequently 
from MPM cause signi�cant morbidity and mortality.83 �e 
pathogenesis and best management of MPE are still unclear 
and active research e�orts are aimed at unveiling the 
molecular and physiologic alterations that result in tumor-
induced plasma extravasation into the pleural space.38,83 
Animal studies form the basis of these e�orts, since MPE 
cannot be reproduced ex vivo. Most animal studies on MPE 
have been performed using mice. Athymic nude and severe 
combined immunode�cient mice are commonly used as 
they allow the development of pleural metastases by xeno-
genic (e.g., human) tumor cells. Various human cancer cell 

Table 11.2 Pleurodesis grading scheme

Pleurodesis grading scale of 1 to 8

 1. No adhesions between the visceral and parietal pleura
 2. Rare adhesions between the visceral and parietal pleura with no symphysis
 3. A few scattered adhesions between the visceral and parietal pleura with no symphysis
 4. Many adhesions between the visceral and parietal pleura with no symphysis
 5. Many adhesions between the visceral and parietal pleura with symphysis involving <5% of the hemithorax
 6. Many adhesions between the visceral and parietal pleura with symphysis involving 5%–25% of the hemithorax
 7. Many adhesions between the visceral and parietal pleura with symphysis involving 25%–50% of the hemithorax
 8. Many adhesions between the visceral and parietal pleura with symphysis involving >50% of the hemithorax

Source: Lee YCG et al., Am J Resp Crit Care Med, 163, 640–644, 2001; Dikensoy O et al., Chest, 128, 3735–3742, 2005.
Notes: Adhesions are defined as fibrous connections between the visceral and parietal pleura. Symphysis is present if the visceral and parietal 
pleura are difficult to separate as a result of adhesions.
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lines have been successfully introduced into the pleural 
space of immunode�cient mice, which give rise to malig-
nant e�usions.84–87 Adenocarcinomas produce the highest 
rate of e�usions in immunode�cient mice.88 One advantage 
of these models is species-speci�city, allowing for tracing of 
the origin of molecules detected in the pleural space back 
to the tumor or the host; their shortcoming, however, is the 
need for immunocompromise per se, which hampers the 
study of in�ammatory tumor-to-host signaling during MPE 
formation.38 Murine models of adenocarcinoma-induced 
malignant e�usion in immunocompetent mice have been 
developed to overcome this limitation.36,69 Malignant cells 
can be implanted into the pleural space directly (by surgery 
or intrapleural injection) or indirectly from metastases of 
tumors deposited in the lungs. Orthotopic implantation of 
freshly isolated human adenocarcinoma tissues into nude 
mice can produce a high take-up rate of the cancer, but 
requires thoracotomy and does not clearly provide addi-
tional information compared with intrapleural or intrave-
nous injection of tumor cells.89 Alternatively, commercially 
available cancer cell lines grown in culture conditions are 
titrated before injection to standardize the tumor load per 
mouse. Intravenous injection of human adenocarcinoma 
(e.g., A549) cells produces numerous lung lesions, pleural 
metastases, and e�usions, in contrast with human squamous 
or large-cell carcinoma cell lines, where malignant e�usions 
are uncommon.85,88 Tumors can also be injected directly 
into the pleural space, which is best performed under direct 
vision via a small skin incision on the le� hemithorax. Fine 
needles (26–28 G) should be used. Although up to 1.0 mL of 
�uid can be injected, small volumes (e.g., 50–100 μL) usu-
ally su�ce. Accurate intrathoracic delivery is con�rmed by 
transient chest expansion and dyspnea. Intrapleural injec-
tions of tumor cells (usually 105–06 per mouse) result in local 
implantations in the chest wall, mediastinum, lungs, and 
diaphragm by 1–2 weeks and bloody exudative pleural e�u-
sions by 2–3 weeks a�er inoculation. When immunocompe-
tent mice are used with syngeneic tumor cells, the e�usions 
are rich in in�ammatory cells.36,37,46,69 All mice eventually 
develop respiratory distress and weight loss, and die from 
local e�ects of the e�usion, cachexia, and distant metasta-
ses. Weight loss and survival are commonly used end points. 
�e volume of pleural e�usion, tumor load (number, size, 
and weight), and the presence of distant metastases are 
other parameters useful for assessing therapeutic response. 
Pleural �uid and tissue collected allow the study of patho-
genic cells and mediators. E�usion-associated vascular per-
meability can be easily determined by intravenous injection 
of a protein tracer.36,37,46 To overcome the anatomic and 
physiologic complexity of pleural tumors, modern imag-
ing tools have been adapted to pleural research to allow 
for intravital monitoring of tumor burden and of pleural 
tumor-triggered in�ammation.69,70,87 Using these models, 
the role of important mediators and biological pathways in 
e�usion formation have been  uncovered.38 Multiple  studies 
have assessed the e�cacy of novel  anti-cancer  therapies 

against MPE.8,69,87–94 �e intrapleural injection model 
(described in Annex 11.3) has also been successfully applied 
to transgenic mice.46,69,93

 Models for malignant pleural mesothelioma

Uncontrolled environmentally induced animal models 
of MPM have strengthened human epidemiologic stud-
ies of asbestos exposure. Pet dogs with spontaneous MPM 
were used to identify environmental exposures that might 
increase their owner's risk of asbestos-related disease.95 
Such models may not be suitable for reproducible genera-
tion of MPM in animals, but serve as valuable sentinel mod-
els to identify unanticipated environmental health hazards 
for humans.

Asbestos and other �bers can also be used to generate 
experimental MPM with high penetrance. As early as 1969, 
rats were inoculated with asbestos �bers and the incidence 
of MPM determined.96 Detailed studies of pulmonary depo-
sition, biodurability, biopersistence, and carcinogenicity 
a�er asbestos �ber inhalation in rats, mice, and hamsters 
have subsequently been conducted.97–100 Other investiga-
tions revealed that, in addition to crocidolite or chrysotile 
asbestos, inhalation of refractory ceramic �bers but not 
�ber glass, slag wool, or rock wool resulted in signi�cant 
increases in lung tumors and MPM in hamsters and rats, 
supporting the idea that chemical and physical �ber proper-
ties are implicated in MPM pathogenesis.101,102 Similar stud-
ies have been conducted in rodents using the intraperitoneal 
route to inject asbestos and other �bers. �e intraperitoneal 
model may be more sensitive for testing �ber carcinogenic-
ity than the inhalation model.102 Recently, carbon nano-
tubes were reported to reach the pleural space and to cause 
pleural mesothelial proliferation, a fact that leads to signi�-
cant concerns about their safety.103,104

Transplantable animal models of MPM are the most 
widely used in MPM research. Murine models of MPM 
o�en employ immune-de�cient mice, such as nude or 
severe combined immunode�cient mice, and subcutane-
ous (heterotopic) or intrapleural (orthotopic) injection 
of human MPM cell lines or implantation of tumor frag-
ments.105,106 Heterotopic MPM tumors grow as solid masses, 
whereas pleural MPM tumors encage the lungs similar to 
human MPM. Human MPM cell lines available for immu-
node�cient xenotransplant models can be found in Table 
11.1. Similar to models of MPE, these models are ham-
pered by suboptimal tumor–host interactions. Syngeneic 
mouse models provide additional information. Kucharczuk 
et al. established a pleural-based MPM model in immune- 
competent Fischer rats.106 An alternative approach involved 
exposing rat pleural mesothelial cells to chrysotile �bers 
in vitro, and then transplanting them into nude mice.107 
Most importantly, murine MM tumor cell lines have been 
established a�er intraperitoneal inoculation of asbestos 
�bers into common strains of mice including CBA, BALB/c, 
and C57BL/6 and are diagnostically similar to human MM 
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tumors.17,24,26,27,102,108–110 Using these cell lines, orthotopic 
MPM with MPE formation, as well as heterotopic MPM 
tumors, can be established in immune-intact mice. Similar 
to human mesothelial cells, growth of the murine MM 
cell lines can be stimulated by epidermal growth factor.111 
Murine MPM-induced tumors display minimal lympho-
cytic in�ltration and the most prominent in�ltrating cells 
are macrophages that make up 50% of the tumor mass, as 
well as dendritic cells. �ese murine models allow evalua-
tion of di�erent aspects of immune responsiveness and bio-
logical diversity (due to genetic or strain di�erences) and are 
the basis for experimental models designed to answer spe-
ci�c questions. A comparison of human and mouse MPM 
cell lines is given in Table 11.3.

�e role of SV40 virus in the development of meso-
theliomas has been explored in animal models in several 
ways. Brie�y, SV40 virus alone induces mesotheliomas 
in hamsters and mice and displays co-carcinogenicity 
with asbestos �bers.112,113 In addition to mouse models of 
 mesothelial-restricted SV40 expression, a major advance was 
the recent description of a conditional genetic mouse model 
of MPM using combined inactivation of the tumor suppres-
sors p16INK4a, NF2, and Trp53.114 Animal models of MPM 

have yielded a number of insights into mesothelioma biol-
ogy, some of which have been translated to the clinic.115,116

Models for pleural inflammation

�e pleural cavity is regarded an ideal site for the induc-
tion of in�ammatory reactions.117 In the clinical setting, 
in�ammation is o�en di�cult to assess, and in vitro studies 
of in�ammatory cells fail to provide knowledge on complex 
cell–cell interactions. �erefore, investigators o�en employ 
animal models of pleural in�ammation that allow the study 
of cells and �uids accumulated during in�ammation.117 
Pleural models of in�ammation o�er several advantages. 
�e pleural cavity provides a con�ned compartment lined 
by mesothelial cells in close contact with the systemic cir-
culation where in�ammatory cells and mediators collect. 
�ese can be monitored in a dynamic fashion by assaying 
the pleural �uid. �e histologic changes of in�ammation 
can be assessed in pleural tissues and e�ects of pro- or anti-
in�ammatory agents can be investigated following their 
intrapleural administration.

Various methods have been used to induce pleural 
in�ammation (Table 11.4), and each yields an in�amma-
tory reaction characterized by a distinct pro�le of cell and 

Table 11.3 Comparison of human and murine malignant pleural mesothelioma

Human MPM Murine MPM

Asbestos induced + +
Variable latency + +
Effusion + +
Histology
 Epithelial + +
 Sarcomatous + +
 Mixed + +
Ultrastructure
 Microvilli + +
 Glycogen granules + +
 Tight junctions + +
Growth in culture ± (approx. 12%) + (86%)
Variable morphology in culture + +
MHC surface expression
 Class I + ±
 Class II – –
Tumorigenicity ± (nude mice) + (syngeneic mice)
SV40 transformation + +
Tumor suppressor expression
 P53 + +
Soluble factor secretion
 TGFβ + +
 VEGF + +
 PDGF-A chain + +
 IL-6 + +



Animal models of pleural diseases / Specific pleural disease models 129

mediator accumulation. Depending on the predominant 
in�ammatory cell type recruited to the pleural cavity, the 
various animal models have been coined models of neu-
trophilic, mononuclear, or eosinophilic pleural in�am-
mation. For example, intrapleural lipopolysaccharide 
(LPS) results in mainly neutrophilic, but also, to a lesser 
extent, mononuclear, and eosinophilic pleural in�am-
mation.118–120 �e most widely used pleural in�ammation 
model is the carrageenan pleurisy model.117 Carrageenan 
can be administered intrapleurally by needle injection, 
causing dose-dependent in�ammation.117 �e detailed 
onset, progression, and resolution of carrageenan pleurisy 
have been extensively studied and validated.121 In brief, 
pleural exudation begins within an hour of injection, and 
is characterized by neutrophil followed by monocytic 
in�ux, followed by vascular hyperpermeability and pleural 
exudation.117 Pleural �uids and serum can be serially col-
lected for analysis, and pleural tissues can be obtained at 
necropsy. Numerous studies have utilized this model suc-
cessfully in mice, rats, and rabbits.122 Several investigators 
have injected LPS into the pleural cavity of rats and mice to 
generate in�ammation. LPS induces in�ux of neutrophils 
within 4 hours, followed by monocytes, lymphocytes, and 
eosinophils.118–120 �e reverse passive Arthus reaction has 
also been studied, particularly in rats: intravenous fol-
lowed by intrapleural bovine serum   albumin   injection 
20   minutes  later induces  pleural in�ammation char-
acterized by �uid extravasation and neutrophil and 
 mononuclear in�ux.116

 Models for eosinophilic (allergic) pleuritis

Although allergic pleuritis is uncommon in humans, the 
pleural cavities of rats and mice have been used as surro-
gate systems for the study of allergic responses. Results have 

been extrapolated to explain the pathophysiology of other 
allergic diseases, such as asthma and atopic dermatitis. In 
these models, mice or rats are sensitized with subcutane-
ous followed by intrapleural injection of ovalbumin, which 
induces mast cell degranulation, IgE accumulation, and 
eosinophil chemotaxis.123,124 Pleural lavage can be  performed 
to quantify eosinophil in�ux and allergic mediators, such 
as leukotrienes and platelet-activating factor. In addition to 
ovalbumin, direct intrapleural delivery of biologic media-
tors has been used to provoke eosinophilic in�ammation. 
Intrapleural injection of chemokine ligand (CCL) 22, mac-
rophage in�ammatory protein (MIP)-1α, RANTES, and 
eotaxin results in dose- and time-dependent recruitment 
of eosinophils.125,126 Another mouse model of eosinophilic 
pleural in�ammation mimics pleural eosinophilia observed 
in patients with pneumothorax. In this model, large num-
bers of eosinophils, among other in�ammatory cells, are 
retrieved from the pleural lavage of mice a�er transthoracic 
injection of air.127 As described above, intrapleural injection 
of LPS in rats and mice results in recruitment of eosinophils, 
along with other cell types, and has also been employed to 
generate pleural eosinophilia.118–120

 Models for pleural infection by common 
pathogens (empyema)

Animal experiments on empyema are most commonly 
performed using New Zealand white rabbits, though mice 
and sheep have been used. Developing an adequate empy-
ema model is di�cult due to biosafety considerations, the 
conditional necessity of prior pleural injury before bacteria 
inoculation to avoid complete bacterial clearance (incom-
plete penetrance), and the need for careful model titration 
to avoid sepsis and death.128 One approach has been intra-
pleural injection of turpentine in rabbits followed by stand-
alone or combined Streptococcus pneumoniae, Escherichia 
coli, Peptostreptococcus anaerobius, and Bacteroides fragilis 
inoculation a�er 72 hours.129,130 Alternatively, intrapleural 
injection of a potent rabbit pathogen, Pasteurella multocida, 
can produce empyema without prior turpentine, but rab-
bits require daily penicillin to evade death from sepsis.128 
�e most interesting and human-relevant models of pleu-
ral infection were developed using serotypes of the human 
pathogen Staphylococcus aureus and the common mouse 
strains C57BL/6, Balb/c, and CD1.131–133 Other methods to 
introduce empyema in guinea pigs and sheep have been 
published, but did not gain popularity.134–136 One impor-
tant limitation of most of the models mentioned above 
is the direct route of pleural infection, which contrasts 
to the secondary pleural infection of humans secondary 
to pneumonia. However, two studies achieved second-
ary murine pleural infection a�er primary induction of 
pneumonia.132,133 Intranasal delivery of S. pneumoniae can 
induce typical pneumonia in C57BL/6 mice followed by 
bacterial invasion of the pleural cavity, producing empy-
ema.132 Animal models of empyema have provided valuable 

Table 11.4  Agents used to induce pleural inflammation in 
laboratory animals

Agent Reference

Most Common
 Carrageenan 117
Common
 Endotoxin or LPS 118
 Reverse Passive Arthus Reaction 116
 Zymosan 202
Uncommon
 Azoles 203
 Bradykinin 204
 Calcium pyrophosphate crystals 205
 Ionophore A23187 206
 Kaolin 207
 Phorbol myristate acetate 208
 Platelet activating factor 209
 Substance P 210
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information on the pathogenesis of and the optimal treat-
ment of empyema.131–133,137–140

Models of tuberculous pleuritis

Tuberculous pleuritis (TP) continues to be a common clini-
cal challenge. Our understanding of its pathogenesis and best 
management remain limited. Animal models were used to 
study TP as early as 1917 using guinea pigs,141 but rabbits and 
mice were also used subsequently. In the modi�ed guinea 
pig model, outbred guinea pigs are �rst vaccinated with 
intradermal Bacille Calmette–Guerin (BCG), followed by 
intrapleural BCG or heat killed intrapleural Mycobacterium 
tuberculosis 10–15 weeks later.142–144 Similar strategies were 
applied to New Zealand white rabbits to induce TP, which 
are relatively resistant to M. tuberculosis, but susceptible to 
BCG.145,146 In the above short-term TP models, the dose of 
organisms, but not their virulence, is believed to be impor-
tant for pleural in�ammation induction, a case that might be 
true for human TP, too. In this regard, TB pleuritis induced 
using these animal models closely represents the disease 
in humans. Exudative TP pleural e�usions in animals are 
characterized by early neutrophilic, intermediate mono-
cytic, and late lymphocytic in�ux and, similar to humans, 
lymphocytes in guinea pig TP are mainly CD2+.144 Smaller 
animals such as mice (either Balb/c or C57BL/6 strains) have 
been used to investigate the early in�ammation accompany-
ing TB pleuritis.147,148 In animal models, TP is induced by 
transthoracic bacterial inoculation, while human TP usu-
ally develops as a result of pleural spread from adjacent lung 
infection; also, BCG or heat-killed M. tuberculosis, rather 
than live M. tuberculosis, are used in these models. �us, 
results from these models should be cautiously extrapolated 
to humans. Despite their limitations, TP models have pro-
vided valuable insights into the pathogenesis of the disease. 
In this connection, the importance of neutrophils in recruit-
ing mononuclear cells to the tuberculous-a�ected pleural 
space was shown146 and the time-course of TP-associated 
pleural in�ammation was comprehensively mapped.149,150

 Models for benign asbestos-induced pleural 
diseases

In addition to mesothelioma, asbestos is a recognized cause 
of benign pleural diseases, such as circumscribed (pleural 
plaques; PP) and di�use pleural thickening (DPT), benign 
asbestos pleural e�usion (BAPE), and rounded atelectasis 
(RA).151,152 Although extensive research has been conducted 
for mesothelioma, little work has been invested in the study 
of benign asbestos-induced pleural diseases, despite their 
high prevalence. In addition to the pleura, asbestos dam-
ages the lung parenchyma causing �brosis (asbestosis) 
and increases lung cancer risk. Experimental models for 
the study of these conditions are outside the scope of this 
chapter.

To study the e�ect of asbestos on the animal pleura, 
�bers can be introduced either via the respiratory tract or 
by direct intrapleural injection.153,154 �e former resembles 
human exposure to asbestos, and �bers can be delivered 
by intratracheal instillation,155–157 by direct delivery to a 
lobar bronchus,158 or by inhalation of aerosolized �bers in 
a closed chamber.159–162 �e resulting pleural and pulmo-
nary in�ammatory and �broproliferative reactions bear a 
dose–response relationship with the amount of �bers deliv-
ered.159,160 Both the inhalation and the intrapleural injection 
methods have drawbacks. Administered by inhalation, �ber 
deposition in the peripheral lung, and hence toxicity to the 
pleura, varies. In addition, pleural changes in animals may 
take months to years to develop, similar to humans.163,164 By 
contrast, direct intrapleural injection can ensure immedi-
ate delivery of a known amount of �bers into the pleural 
cavity and accurate identi�cation of time zero of pleural 
injury. It also facilitates the study of isolated �ber e�ects 
on the pleura without the in�uence by other lung paren-
chymal changes. However, this method of delivery di�ers 
signi�cantly from how �bers reach the pleura in humans. 
Wagner et al.165 compared intrapleural and inhalation deliv-
ery of chrysotile to rats. Mesotheliomas developed more 
frequently with intrapleural injections, whereas malignant 
lung tumors were much more common than mesotheliomas 
if �bers were delivered by inhalation.

Rats, mice, and hamsters but also rabbits, guinea pigs, 
and dogs are most commonly used for these studies. It is 
important to note that intra- and interspecies di�erences in 
susceptibility to asbestos-induced damage exist.166 �e pro-
pensity of mice to develop pulmonary �brosis in response 
to asbestos varies signi�cantly among strains, in accord 
with �brotic susceptibility to radiation or bleomycin. 129/
Sv mice respond to asbestos with lower TNF-α and TGF-β 
expression and minimal �broproliferative lung lesions, 
compared with C57BL/6 mice.167 Balb/c mice, another com-
monly used strain, have also been found to develop lung 
changes similar to human asbestosis a�er exposure to 
aerosolized chrysotile.162 Although no studies have com-
pared murine strain susceptibility to asbestos-induced 
pleural �brosis, investigators should beware that variation 
is likely to exist. Interspecies comparison is an important 
issue, particularly regarding extrapolation of animal study 
results to humans. Interestingly, humans and rats develop 
pleural �brosis at comparable normalized �ber burdens.166 
Di�erent asbestos �bers induce varying degrees of �brosis, 
an e�ect probably related to their physicochemical proper-
ties, especially �ber length and biopersistence.166 Of note, 
contamination of the asbestos �ber preparation with other 
mineral dusts is common, and can make the results of stud-
ies di�cult to interpret. It is therefore crucial that investiga-
tors analyze and document the physical characteristics of 
the asbestos preparation used. Chrysotile, crocidolite, and 
amosite are the commonly used �bers in experimental mod-
els. Recently, models for asbestos-induced pleural disease 
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have been extended to investigate the e�ects of man-made 
�bers, especially �berglass.160,168 Ideally, development of 
the asbestos-induced pleural diseases should be the experi-
mental endpoint. However, many studies focus on early 
�ber e�ects on the lung and pleura. Pleural lavage can be 
analyzed for mediators induced a�er �ber exposure of the 
pleura. Mesothelial cells can be harvested for assessment of 
proliferative responses, apoptosis, or other immunohisto-
chemical analyses.

Animal studies have been invaluable in revealing the 
mechanisms of asbestos-induced lung and pleural injury. 
Using electron microscopy, inhaled asbestos has been 
shown to produce cystic degradation of the pleural surface, 
allowing penetration of single �bers through the visceral 
pleura.169 Inhaled chrysotile �bers have been detected in 
pleural cells of rats within varying time intervals, ranging 
from 1 week to 3 years a�er exposure.158,163,170 Rodent stud-
ies have shown morphologic changes in mesothelial cells 
within 2 hours of intratracheal amosite instillation, fol-
lowed by early mesothelial proliferation and macrophage 
in�ux within 24 hours.156,171 �e multifactorial pleural 
in�ammatory reaction to asbestos is usually accompanied 
by mesothelial cell proliferation, and asbestos has been 
shown to stimulate intracellular signaling cascades such as 
mitogen-activated protein kinases (MAPK) and extracellu-
lar signal-regulated kinases (ERK) in mesothelial cells.172,173

Although BAPE is a common asbestos-induced pleural 
condition that precedes DPT (�brosis), it has only occa-
sionally been studied in experimental settings. Shore et al. 
injected crocidolite intrapleurally into rabbits and showed 
the development of a neutrophilic exudative e�usion within 
4 hours of injection. When the �uid was reinjected into 
another rabbit, a PMN response was also elicited.174

Models for chylothorax

Chylothorax, the accumulation of chyle in the pleural space, 
results from impaired lymphatic drainage due to various 
causes, such as surgery, trauma, or malignant involvement 
of the thoracic duct (see Chapter 26). Surgical ligation or 
interruption of the thoracic duct has been performed in a 
canine model. For this, mongrel dogs were fed milk fat prior 
to surgery to increase lymphatic drainage and allow easy 
identi�cation and transection of the thoracic duct, leaving 
chest tubes in place for drainage. Using this model, octreo-
tide has been shown to enhance closure of the �stula and 
reduce chyle leak.175

Mouse models have been useful in shedding light to 
the development of chylothorax. Mice genetically de�cient 
in the gene encoding the α9 subunit of the α9β1 integrin 
(Itga9) have defects in their lymphatic system resulting in 
bilateral chylothoraces.176 �e role of α9β1 integrin in lym-
phatic development appears to be mediated via binding to 
VEGF-C and VEGF-D.177 Chy-3-mutant mice, which carry 
a chromosomal deletion that includes VEGF-C, develop 
hypoplastic dermal lymphatic drainage with resultant 

chyloascites and lymphedema.178 RASA1 (also known as 
p120 RasGAP) is a Ras GTPase-activating protein that func-
tions as a regulator of blood vessel growth in adult mice and 
humans. In mice, systemic loss of RASA1 resulted in early 
lethality caused by chylothorax with underlying exten-
sive lymphatic vessel hyperplasia and leakage.179 Defective 
lymphatics and chyloascites are also found in transgenic 
mice with  mutations  in  the Pik3ca (phosphoinositide 
kinase 3) gene.180

 Models for pleural effusions from 
esophageal rupture

Esophageal perforation is an uncommon cause of pleural 
e�usion. Only one model has been developed using inser-
tion and overin�ation of a 16 F Foley catheter into the 
esophagus of anesthesized New Zealand white rabbits.181,182 
Pleural e�usions developed 2 hours later and were bilateral 
in half of the rabbits. Serial thoracenteses revealed exuda-
tive e�usions with progressively increasing acidity and leu-
kocytosis, rising levels of protein, very high amylase and 
low glucose, and positive bacterial cultures, consistent with 
the classical pleural �uid �ndings in patients with ruptured 
esophagus.

 Models for pleural effusions from fluid 
overloads

Human transudative pleural e�usions, commonly caused 
by congestive cardiac failure, renal failure, or hepatic cirrho-
sis, are not easily recapitulated in animal models. A sheep 
model of intravenous oleic acid infusion has been used to 
induce pulmonary edema and bilateral pleural e�usions.183 
Oleic acid resulted in reduced cardiac contractility, raised 
pulmonary arterial pressures, alveolar edema, and pleural 
transudation. �e biochemical composition of the pleural 
�uid was similar to that of the alveolar �uid. Although this 
model is useful, it is not entirely similar with pleural e�u-
sion from cardiac failure. First, oleic acid infusion causes 
alveolar damage. Second, the pleural �uid to plasma protein 
ratio was 0.6–0.7, classifying the pleural �uid as an exudate.

A murine model of renal failure and �uid overload has 
also been described.184 Renal failure is generated by bilat-
eral renal vessel ligation and �uid overload by intraperito-
neal delivery of isotonic saline of 40% body weight. A�er 
3 hours, the mice develop bilateral pleural e�usions  (volume 
~100 μL). �is model was developed to study the role of 
aquaporin water channels in pleural �uid homeostasis, 
but can be used to study other aspects of pleural e�usion 
 secondary to renal failure.

 Models for pleural physiology studies

Numerous animal models have been employed for the 
investigation of pleural physiology in health and disease. 
Main areas of interest are mechanisms of pleural �uid 



132 Experimental models: Pleural disease

formation and absorption and pleural pressure changes 
in the presence of e�usion or pneumothorax. To study 
the transfer of lung water into the pleural space through 
the visceral pleura, Broaddus et al. subjected anesthetized 
ventilated sheep to volume overload. �e chest was open 
and a bag was wrapped around the exposed lung to col-
lect the �uid leak from lung parenchyma into the pleural 
space. �eir experiments con�rmed that the pleural space 
provided an important route of clearance of pulmonary 
edema.185 Similar methods have been used in mongrel dogs 
to study the factors that alter the permeability of the vis-
ceral pleura.186,187 Di�erent animal models have been used 
to study the removal of pleural �uid and proteins from the 
pleural space. Many studies have been performed in sheep188 
and rabbits,189 and occasionally in dogs.190 Labeled particles, 
such as I125-albumin191 or �orescent isothiocyanate-labeled 
dextran,192 can be used as a tracer to follow the e�ux and 
reabsorption of protein in the pleural space. Animal studies 
have also been used to assess cardiorespiratory impairment 
induced by pleural e�usion or pneumothorax. Fluid or air 
can be introduced intrapleurally and physiologic changes 
(e.g., ECG, hemodynamic changes, arterial oxygenation, 
lung function) measured.193–197 Large pleural e�usions a�ect 
the dynamic elastance and resistance of the respiratory sys-
tem, and produce hypoxemia in a dose-dependent fash-
ion. It is noteworthy that in animal experiments e�usions 
are produced acutely, whereas most human e�usions (e.g., 
malignant) accumulate over time. Chronic measurement 
of the e�ects of arti�cially induced e�usion is di�cult, but 
has been reported by Murphy et al., who surgically inserted 
catheters in the serosal layer of the rat esophagus, allowing 
measurement of pleural pressures for up to 14 weeks.198

 Models for the study of pleural vascular 
permeability

Leakage of protein-rich exudate from blood capillaries in 
the lung interstitium, and beneath the mesothelium into 
the pleural space, has been implicated in the pathogenesis 
of various pleural e�usions, and has been demonstrated in 
human disease and animal models.199 Albumin is the most 
abundant protein contained in exudative pleural e�usions, 
and is, as a result, most commonly used to determine vas-
cular permeability. Studies of pleural vascular permeability 
are feasible in any species, but mice have been used prefer-
entially. Pleural vascular permeability can be assessed using 
two mutually complementary methods. Permeability can 
be determined using an albumin tracer (e.g., Evans’ blue, 
 �uoro-isothiocyanate, or radioisotope-labeled albumin) 
introduced intravenously into animals bearing pleural e�u-
sion or in�ammation.8,37,46,85 Shortly therea�er (e.g., 5–30 
 minutes), the levels of the tracer in the pleural �uid or lavage 
can be determined (e.g., measuring absorbance, �uores-
cence, or scintillation), and re�ects the rate of albumin leak-
age into the pleural space. Another experimental approach, 

the Miles vascular permeability assay, determines the e�ects 
of mediators contained in pleural �uid on vascular perme-
ability in the mouse or rat skin.84,86,87,200,201 Cell-free pleural 
�uid supernatants are injected intradermally, and Evans’ 
blue is administered intravenously. A�er a predetermined 
time interval, extravasation of the dye into the mouse der-
mis is determined by measuring Evans’ blue levels in tissue 
extracts or by morphometry. Vascular permeability induced 
by the �uid under examination can be compared to saline 
(negative control) or VEGF solutions (positive control), and 
the contribution of individual mediators to overall vascular 
permeability can be assessed a�er their neutralization in 
the pleural �uid prior to injection into the skin.

CONCLUSIONS

Animal experimentation represents one of the fundamen-
tal approaches in the long arduous path toward the under-
standing of the pathogenesis of various pleural diseases. 
In vivo studies are essential in the evaluation of novel 
therapeutic approaches in pleural diseases, in the study 
of pharmacokinetics of drug delivery in the pleural space, 
and in the investigation of pleural physiologic changes in 
both normal and disease states. No animal model is ideal. 
Investigators should understand the advantages and limita-
tions of the use of di�erent animal species and models. Only 
through doing so would they be able to choose or design the 
most suitable in vivo model or in vitro experiment that pro-
vides the best chance of answering the scienti�c question(s) 
raised. Animal studies should be planned, conducted, and 
supervised with a similar degree of scrutiny as that applied 
to clinical trials. �e ultimate aim should always be to pro-
vide better care to patients with pleural diseases. In the 
future, advances in other areas of biomedical sciences, espe-
cially animal imaging techniques, should allow the design 
of more sophisticated animal models that will improve our 
understanding and clinical management of pleural diseases.

ANNEX 1.  METHODS FOR HARVESTING 
PRIMARY MESOTHELIAL 
CELLS

 1. Pleural mesothelial cells are obtained from mice of 
adult size or from New Zealand white rabbits (com-
monly 2 kg).

 2. A�er sacri�ce, the abdomen is opened to expose the 
diaphragm. Hank's balanced salt solution is injected 
into the pleural cavity under direct vision and aspirated 
a�er 2 minutes. Very �ne needles (28G) should be used 
in mice. �is step aims at removing pleural proteolytic 
enzymes that would otherwise inhibit trypsin. In mice, 
there is no mediastinal separation and a single injection 
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of 1 mL is su�cient. In rabbits, 10 mL is injected into 
each pleural cavity.

 3. Trypsin–EDTA (0.25%) is injected into the pleural 
cavity and le� for 10 minutes during which the animal 
should be rotated. �e solution, with the mesothelial 
cells, is then aspirated and put into fetal calf serum 
(FCS) or culture medium (e.g., DMEM with 10% FCS) 
on ice. �e serum contains tryptase that will terminate 
the action of the injected trypsin. Injectate volumes are 
as above.

 4. �e FCS is centrifuged at 300g for 5 minutes. �e cell 
pellet is washed and re-suspended in DMEM with 1% 
(v/v) l-glutamine, 1% (v/v) penicillin–streptomycin and 
10% (v/v) FCS.

 5. �e cells are plated in standard cell culture �asks, and 
incubated at 37°C with 95% of air and 5% of CO2. �e 
initial cell population will consist of a large number 
of erythrocytes and leukocytes, as well as mesothelial 
cells.

 6. Media are changed a�er overnight incubation. 
Mesothelial cells adhere to the culture vessel, and 
 contaminating cells are removed with the media.

 7. �e cells are validated for expression of mesothelial 
markers (mesothelin, cytokeratins, etc.). Fibroblasts that 
may contaminate mesothelial cultures are negative for 
these markers. �e usual yield of this technique is 95% 
pure mesothelial cells. Primary rabbit mesothelial cells 
grow rapidly and can be maintained up to 7–8 passages; 
mouse mesothelial cells divide very slowly and rarely 
survive passage 3.3,4

ANNEX 2  RABBIT CHEST TUBE 
INSERTION64,65

 1. New Zealand white rabbits (>1.5 kg) are anesthetized 
using ketamine (35 mg/kg) and xylazine (5 mg/kg). 
�e chest is shaven and the skin sterilized with 10% 
povidone–iodine.

 2. �e rabbit is placed in the lateral decubitus position and 
a small intercostal incision is made at the mid-axillary 
line. Chest tubes are made from intravenous solution set 
tubes with three extra openings near the distal end of 
the tube to enhance drainage. �e chest tube is inserted 
by blunt dissection into the pleural cavity and secured 
at the muscle layers with purse-string sutures. �e prox-
imal end of the chest tube is then tunneled underneath 
the skin and drawn out through the skin posteriorly 
and superiorly between the two scapulae. �e exterior 
end of the chest tube is sealed with a one-way valve and 
sutured to the skin.

 3. Alternatively, the upper abdomen can be opened and 
a �ne catheter passed into the pleural space via the 
diaphragm. �is method is more invasive but is e�ec-
tive and can avoid any potential lung trauma from blunt 
dissection into the pleura.

 4. A three-way stopcock is attached to the end of the chest 
tube through which any pleural air is immediately 
evacuated from the pleural space.

 5. Reagents can be administered intrapleurally via the 
chest tube, followed by the instillation of 1.0 mL of 0.9% 
sodium chloride solution or sterile phosphate bu�ered 
saline (PBS) to clear the dead space.

 6. �e chest tubes can be aspirated for pleural �uid. 
Alternatively, pleural lavage can be performed by 
the administration of 5–10 mL of sterile PBS via the 
chest tube.

 7. �e chest tube should be removed under light sedation 
as soon as it is no longer required to minimize risks of 
infection and discomfort.

 8. At the time of sacri�ce, the rabbits are sedated 
and euthanized with carbon dioxide. �e thorax is 
removed en bloc. �e lungs are expanded by the injec-
tion of 50 mL of 10% neutral-bu�ered formalin into 
the exposed trachea via a plastic catheter. �e trachea 
is then ligated and the entire thorax submerged into 
10% neutral-bu�ered formalin solution for at least 
48 hours.

ANNEX 3  MOUSE MODELS OF 
ADENOCARCINOMA-
INDUCED MALIGNANT 
PLEURAL EFFUSION36,69,87

 1. C57BL/6 mice (from Jackson Laboratory, Bar Harbor, 
MN, stock number 000664 or other certi�ed provider) 
should be used. Using mice bred away from the parental 
strain for more than 10 generations or only partially 
backcrossed to the C57BL/6 strain should be avoided 
since this is a syngeneic model that requires full 
histocompatibility between tumor and host. Mice used 
for experiments should be sex-, weight (20–25 g)-, and 
age (6–12 weeks)-matched.

 2. Animal care and experiments should be preapproved  
by the relevant authorities and conducted according  
to international directives (e.g., http://ec.europa.eu 
/environment/chemicals/lab_animals/legislation_
en.htm and http://grants1.nih.gov/grants/olaw 
/Guiding_Principles_2012.pdf). Every feasible 
e�ort should be made to reduce animal number and 
su�ering (3Rs).

 3. Lewis lung adenocarcinoma (LLC) cells can be obtained 
from the American Type Culture Collection (http://
www.lgcstandards-atcc.org/Products/All/CRL-1642 
.aspx) or the National Cancer Institute Developmental 
�erapeutics Program, Division of Cancer Treatment 
and Diagnosis Tumor Repository (http://dtp.cancer 
.gov/branches/btb/tumor-catalog.pdf), but MC38 
colon adenocarcinoma cells are only available from 
institutional vendors.206 Cells are cultured at 37°C in 5% 
CO2-95% air using Dulbecco's modi�ed Eagle's medium 
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supplemented with 10% fetal bovine serum, glutamine, 
and 100 mg/L penicillin/streptomycin, harvested 
using trypsin, checked for viability using trypan blue 
exclusion, and injected intrapleurally within 1 hour.

 4. Intrapleural injections are done under heavy iso�urane 
or ketamine/xylazine anesthesia, as follows: �e skin 
overlying the anterior and lateral chest wall is shaved 
and disinfected, and a 5-mm-long transverse skin 
incision is made on the le� anterolateral thoracic area 
at the xiphoid level. Fascia and muscle are retracted, 
and 1.5 × 105 tumor cells suspended in 50–100 μL PBS 
are slowly injected into the pleural cavity through 
an intercostal space under direct observation. �e 
skin incision is closed using continuous 5-0 Ethilon 
mono�lament suture, and mice are observed until 
complete recovery. If done properly, the procedure is not 
associated with mortality or morbidity.

 5. Mice are observed daily for signs of distress, such 
as tachypnea, fur erection, or “hunchback” stature 
(which indicates chest pain). Mice are sacri�ced 
immediately using CO2 at the �rst signs of distress 
or at predetermined time points (usually days 12–14 
a�er LLC cell injection and days 11–13 a�er MC38 cell 
injection), whichever comes �rst.

 6. For harvest, mice are euthanized, followed by frontal 
abdominal incision, retraction of visceral organs to 
visualize the diaphragm, and gentle aspiration of 
pleural �uid via the diaphragm using a �ne needle, until 
the pleural space (which is uni�ed in mice) is emptied. 
�en the chest can be opened for pleural tumor 
collection, or the thorax can be harvested en bloc for 
tumor volume measurements.
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12
Approach to patients with pleural diseases

OLIVER BINTCLIFFE AND NICK MASKELL

KEY POINTS

 ● Aspects of the history of a patient with pleural e�usion may direct clinicians to the likely diagnosis and etiology of 
a pleural e�usion.

 ● Enquiry into previous asbestos exposure, including exposure via household contacts and asbestos-like �ber 
exposure, is critical in the identi�cation of asbestos-related pleural disease.

 ● Clinical examination features are of value in narrowing the di�erential diagnosis.
 ● Ultrasound improves the safety and success of thoracentesis as well as providing diagnostic information.
 ● Contrast-enhanced CT chest imaging will o�en be required in unexplained e�usions and aids in the identi�cation 

and staging of malignant disease.
 ● A de�nitive diagnosis can be established by pleural �uid analysis in a limited number of disease states.
 ● Transudative e�usions are most commonly due to heart failure. �e cause of transudates may be easily discernible 

from the clinical presentation. However, a proportion of malignant pleural e�usions may be misclassi�ed as 
transudates, and e�usions due to heart failure may be misclassi�ed as exudates.

INTRODUCTION

Patients with pleural disease are a very heterogenous group 
in terms of their clinical presentation, required manage-
ment, and prognosis. �is chapter will provide an overview 
of the clinical presentation and relevant investigations for 
these patients. Patients with pleural e�usions at presenta-
tion account for the vast majority of patients with pleural 
disease and this chapter will focus predominantly on this 
patient group.

Patients with pleural e�usions usually present with 
symptoms, such as pleuritic chest pain, dyspnea, or cough. 
However, an e�usion may also be discovered by chance on 
radiological imaging or physical examination.

�e presence of a pleural e�usion signi�es a disruption 
in the physiological balance between normal pleural �uid 
formation and reabsorption. An awareness that pleural e�u-
sions are not only caused by disease in the thorax but can 
be a manifestation of disease in virtually any organ system 
or due to systemic disease will aid an early diagnosis. �e 
evaluation of a patient with a pleural e�usion starts with, 
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and requires, a thorough history and physical examination 
in conjunction with pertinent laboratory tests to allow the 
clinician to formulate a pre-thoracentesis di�erential diag-
nosis. Such a broad-based approach will guide assessment 
of pleural �uid and the further investigations which will 
facilitate a prompt and accurate diagnosis leading to opti-
mal patient management.

HISTORY

�e history from a patient with pleural e�usion is critical, 
both in the identi�cation of the e�usion and in the evalu-
ation of the likely underlying etiology. �e most common 
symptoms of a pleural e�usion are dyspnea and chest pain. 
�e degree of dyspnea is commensurate with the size of the 
e�usion1 but will be in�uenced by coexistent cardiopul-
monary disease. A patient with pneumonia or pulmonary 
�brosis may be profoundly symptomatic with an e�usion 
that may be asymptomatic in a patient with no such con-
tributory condition. Dyspnea due to pleural e�usion is 
multifactorial and due to lung compression, decreased com-
pliance of the chest wall, and depression of the diaphragm. 
It is postulated that dyspnea perceived by these patients 
results from decreased compliance of the chest wall and 
lung modulated by the input of neurogenic receptors.1

Chest pain may be caused by the presence of pleural 
�uid itself or be due to the underlying pathology respon-
sible for the e�usion. Pain in patients with a pleural e�u-
sion is o�en pleuritic and exacerbated by deep inspiration, 
coughing, and sneezing. Pleuritic pain may be focused over 
the precise location of the in�amed pleura and may be 
associated with tenderness and cutaneous hypersensitivity. 
Pain may be referred to the ipsilateral shoulder in the case 
of involvement of the central diaphragmatic pleura due to 
phrenic nerve irritation (C3-5).2 In�ammation of periph-
eral portions of diaphragmatic pleura, innervated by lower 
intercostal nerves, may lead to pain perceived in the lower 
chest wall or upper abdomen. Chest pain is particularly 
common in patients with pulmonary embolism with pleu-
ral involvement and the combination of pleuritic chest pain, 
and pleural e�usion in a young patient suggests pulmonary 
embolism is a likely diagnosis.3

Patients with pleural e�usions may have a cough, and 
although this is not speci�c, characteristics of the cough 
may aid identi�cation of the underlying cause. A cough 
productive of purulent sputum may indicate pneumonia 
and raise concern over a potentially evolving parapneu-
monic e�usion or empyema, which may also be associ-
ated with fever and malaise. Alternatively, hemoptysis may 
suggest that the e�usion is due to lung cancer, pulmonary 
embolism, or tuberculosis. Enquiry into constitutional and 
systemic symptoms may also be illuminating. A report of 
weight loss makes an underlying malignant etiology more 
likely. Night sweats should prompt investigations for lym-
phoma, tuberculous disease, or mesothelioma as a cause 
of the e�usion. Joint, skin, or eye disease may indicate an 

underlying connective tissue disease. Orthopnea, paroxys-
mal nocturnal dyspnea, peripheral edema, and decreased 
exercise tolerance suggest that the patient’s e�usions are the 
result of congestive heart failure (CHF).

A thorough past medical history should be elicited as 
the e�usion may be associated with a known preexisting 
medical condition. A history of heart disease, previous 
malignancy, connective tissue disease, trauma, recent endo-
scopic intervention or thoracic surgery will be particularly 
relevant. Although medications cause pleural e�usion less 
commonly than interstitial lung disease, a careful drug his-
tory should be taken to evaluate this possibility. Common 
drugs causing pleural e�usions include amiodarone,4 
 clozapine,5 ergots,6 methotrexate,7 nitrofurantoin,8 thia-
zolidinediones,9 multiple antineoplastic agents,10 and illicit 
drugs11 (see Chapter 29).

An occupational history speci�cally seeking informa-
tion regarding exposure to asbestos, including exposure via 
household contacts, may help in the evaluation of pleural 
disease and prompt meticulous investigation (see Chapters 
17 and 38). �is information should include dates, level of 
exposure, protection used, and details of employers, which 
will be relevant if compensation is sought.12

A social history, in addition to establishing a social 
 context and performance status for the patient, may be 
relevant in establishing an underlying cause. A history of 
smoking will in�uence the likelihood of a malignant pleural 
e�usion due to underlying lung cancer. A history of excess 
alcohol intake may indicate a predisposition to liver disease 
and hepatic hydrothorax.

PHYSICAL EXAMINATION

Clinical signs of pleural e�usion may be detected through 
inspection, palpation, percussion, and auscultation of the 
chest. �e physical signs of a pleural e�usion depend on the 
volume of pleural �uid and the degree of lung compression. 
�e status of the underlying lung and the patency of the 
bronchial tree will modulate the physical �ndings. When 
only 250–300 cm3 of pleural �uid is present, there may be no 
readily detectable clinical signs.13 With increasing pleural 
�uid volume, clinical signs will be more readily detectable. 
Clinical signs are o�en demonstrated due to a di�erence 
between hemithoraces and thus may be less readily detect-
able in small bilateral e�usions.

Decreased expansion of the ipsilateral chest wall predicts 
a pleural e�usion with a sensitivity of 74% and speci�city 
of 91%.14 Absence of inspiratory retraction and bulging 
of intercostal spaces may be present at larger pleural �uid 
volumes. Pleural �uid reduces the transmission of low fre-
quency sounds and gives rise to decreased vocal fremitus. 
Pleural �uid causes a dull percussion note due to the pres-
ence of pleural �uid immediately beneath the chest wall due 
either to changes in chest wall vibration or to an e�ect on 
sound wave transmission within the chest cavity.15 A dull 
percussion note predicts pleural e�usion with a sensitivity 
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of 73% and speci�city of 91%.16 Consolidation, pleural 
thickening, atelectasis, or an elevated hemidiaphragm may 
also result in a dull percussion note.16 Breath sounds will 
be diminished in intensity due to pleural �uid acting as an 
additional interface between airways and the stethoscope. 
At the upper border of the e�usion, however, compressed 
atelectatic lung may give rise to accentuated breath sounds17 
and egophony (E to A change).18

Extrathoracic examination �ndings may provide evi-
dence of the cause of e�usion. Finger clubbing and Horner’s 
syndrome would strongly suggest lung cancer; jaundice and 
ascites would indicate possible hepatic hydrothorax; exten-
sive lymphadenopathy and splenomegaly point toward lym-
phoma; a harsh ejection systolic murmur, slow rising pulse, 
and pedal edema suggest CHF due to aortic stenosis; and a 
swollen, tender calf and loud second heart sound raise the 
prospect of pulmonary embolism.

Although clinical signs can be very suggestive of an 
e�usion, they can be ine�ective at distinguishing a pleural 
e�usion from other pathological processes. Radiological 
imaging is universally required to con�rm the e�u-
sion, aid evaluation of the underlying cause, and guide 
thoracentesis.

INITIAL DIAGNOSTIC TESTS

CHEST RADIOGRAPH

Chest radiographs are an easily accessible source of useful 
information in the assessment of a pleural e�usion. Pleural 
e�usions produce a meniscus evident on a lateral chest 
radiograph at a pleural �uid volume of 50 mL and on a pos-
teroanterior radiography at 200 mL. At a volume of 500 mL, 
a meniscus is present, which obscures the hemidiaphragm.19 
�e signs of a pleural e�usion on supine anterior-posterior 
(AP) chest radiographs are more subtle, but an increase in 
opaci�cation throughout the hemithorax may be evident, 
representing �uid lying along the posterior chest wall.20 In 
contrast, lateral decubitus radiographs may detect the pres-
ence of as little as 5 mL of pleural �uid.21

Chest radiography may aid identi�cation of a small con-
tralateral e�usion not detectable clinically. Bilateral e�u-
sions are most commonly transudates, as seen with CHF, 
nephrotic syndrome, hypoalbuminemia, peritoneal dialy-
sis, and constrictive pericarditis. However, bilateral exu-
dative e�usions may occur, for example, in malignancy, 
systemic lupus erythematosus, or pulmonary embolism.

Subpulmonic e�usions may be di�cult to identify on PA 
chest radiography but are indicated by a lateral peaking of 
the hemidiaphragm, representing a pool of �uid interposed 
between the diaphragmatic surface of the lung and the dia-
phragm itself. �ese e�usions are o�en more easily identi-
�ed on a lateral radiograph.

�e presence of interstitial in�ltrates or multiple nodules 
on chest radiographs will provide clues to the diagnosis; for 
instance, a pleural e�usion with interstitial in�ltrates may be 

due to CHF or sarcoidosis,22 whereas multiple nodules may 
indicate metastatic malignancy or rheumatoid disease.23

ULTRASOUND

Ultrasound has a role both in image guidance for thora-
centesis and chest drain insertion and in local anesthetic 
thoracoscopy/pleuroscopy, and it also provides valuable 
diagnostic information at the bedside.

Ultrasound has been shown to increase the success 
of thoracentesis, enable safe thoracentesis in cases when 
no safe site is identi�ed on clinical grounds, and reduce the 
risk of associated complications including pneumothorax 
and organ puncture.24,25

�oracic ultrasound is superior to chest radiography in 
the identi�cation26 and quanti�cation of pleural e�usions.27 
In addition, ultrasound may show features speci�c for 
malignancy, such as visceral and parietal pleural thicken-
ing and diaphragmatic nodules or thickening.28 Ultrasound 
is more sensitive than CT in the detection of septations in 
patients with parapneumonic e�usions.29

PLEURAL FLUID ANALYSIS

Virtually all patients with a newly discovered pleural e�u-
sion should undergo thoracentesis to assist in diagnosis and 
management. Exceptions include a secure clinical diagno-
sis, such as typical CHF or a very small pleural e�usion 
in a patient with presumed viral pleurisy. Observation is 
warranted in such cases; however, if the clinical situation 
worsens or is atypical, thoracentesis should be performed 
without delay. For example, if the patient with CHF has 
pleuritic chest pain, fever, unilateral pleural e�usion, or 
oxygen tension out of proportion to the clinical situation, 
thoracentesis should be performed promptly.

If the pleural e�usion is likely to be a transudate (see 
Chapter 13) with low protein and lactate dehydrogenase 
(LDH) levels, the diagnostic possibilities are limited and 
are o�en easily discernible from the patient’s clinical pre-
sentation. Most transudates are due to CHF with the next 
most common (but much less frequent) cause being hepatic 
hydrothorax. By contrast, an exudative e�usion has a far 
larger number of possible causes and in many cases poses a 
greater diagnostic challenge.

Between 1% and 10% of malignant pleural e�usions may 
be characterized as transudates by Light’s criteria30 and 
pleural e�usions due to heart failure may be classi�ed as 
exudates in around 27% of cases,31 an e�ect that is exag-
gerated by prior diuretic therapy.32 Recommended tests for 
initial pleural �uid analysis appropriate in the majority of 
cases are listed in Table 12.1.

More specialized pleural �uid tests may be used in spe-
ci�c situations as listed in Table 12.2.

N-Terminal (NT) pro-BNP (brain natriuretic peptide) 
is a sensitive marker for both diastolic and systolic heart 
failure. Levels in pleural �uid correlated closely with blood 
levels.33 Blood levels of NT-pro-BNP may help identify heart 
failure as a cause of exudative pleural e�usions, or when the 
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diagnosis of CHF is unclear following initial investigations 
including echocardiography.

Pleural �uid amylase is elevated if higher than serum lev-
els, or above the upper limit of normal for serum levels.34 
Salivary amylase levels in pleural �uid can be elevated in 
cases of esophageal rupture or malignancy.35,36 High levels 
of pleural �uid pancreatic amylase are virtually diagnostic 
for pancreatitis as a cause of pleural e�usion;36 however, iso-
enzyme analysis is o�en not readily available.

Milky pleural �uid should prompt assessment to evaluate 
for a chylothorax or pseudochylothorax signi�ed by chylomi-
crons or cholesterol crystals respectively. Chylothoraces usu-
ally have high triglyceride levels (>110 mg/dL or 1.24 mmol/L) 

and indicate damage to or blockage of the thoracic duct, caus-
ing chyle to accumulate in the pleural space.37 A high cho-
lesterol level (>200 mg/dL or 5.17 mmol/L) is diagnostic of a 
pseudochylothorax, the most common causes of which are 
tuberculosis38 and rheumatoid arthritis.39

A large number of tumor markers have been evaluated 
for use in the identi�cation of pleural malignancy, but they 
have generally fallen short of the standard required to be 
of use in routine investigation.40 However, mesothelin may 
be useful in the identi�cation of mesothelioma, and reaches 
high levels of speci�city in cases with suspicious cytology.41

As pleural �uid appears indistinguishable from blood at 
a hematocrit above 5%, measurement of hematocrit allows 
con�rmation of hemothorax with a threshold of a pleural 
�uid hematocrit >50% of blood hematocrit.

Lymphocyte subsets identi�ed with �ow cytometry and 
cytogenetics of lymphocytic e�usions may aid identi�cation 
of pleural e�usion associated with lymphoma.42

Microscopy and culture of pleural �uid for tuberculosis 
is speci�c but insensitive.43 Pleural �uid adenosine deami-
nase (ADA) levels have a sensitivity of 92% and speci�city 
of 90% for the detection of tuberculous pleural e�usions.44

A de�nitive diagnosis can only be established by pleural 
�uid analysis in a limited number of diseases as illustrated 
in Table 12.3 and therefore in most cases further investiga-
tions will be required.

Table 12.3 Diagnoses that can be established definitively 
by pleural fluid analysis

Diagnosis Diagnostic tests

Pleural malignancy Cytological evidence of 
malignancy

Empyema/
parapneumonic 
effusion

Pleural fluid appearance (pus) and 
positive microbiological culture

Tuberculous pleural 
effusion

Positive acid-fast bacilli stain, 
mycobacterial culture

Fungal pleurisy Positive fungal stain or fungal 
culture

Chylothorax Triglycerides >110 mg/dL, 
chylomicrons

Pseudochylothorax Cholesterol >200 mg/dL, 
cholesterol crystals

Esophageal rupture Acidic pleural fluid, food contents 
within pleural fluid

Hemothorax Hematocrit (pleural fluid/blood 
ratio >0.5)

Effusion due to 
pancreatitis

Pancreatic isoenzyme amylase 
(pleural fluid/blood ratio >1 or 
pleural fluid > normal serum 
reference range)

Peritoneal dialysis Pleural fluid results consistent with 
dialysate used (protein <1 g/dL, 
glucose >300 mg/dL)

Urinothorax Creatinine (pleural fluid/blood 
ratio >1)

Table 12.2 Specialized pleural fluid assays

Specialized 
assay

Rationale

NT-pro-BNP 
(Blood or 
pleural fluid)

Evaluation of heart failure as a cause 
of pleural effusion where diagnosis 
is unclear

Amylase  
(± isoenzyme 
analysis)

Identification of effusions due to 
pancreatic pathology (not specific 
without isoenzyme analysis) and 
esophageal rupture

Triglycerides + 
cholesterol

Identification of a chylothorax or 
pseudochylothorax

Mesothelin Identification of mesothelioma, 
particularly in cases with suspicious 
pleural fluid cytology

Hematocrit Distinguishing hemothorax from a 
blood-stained pleural effusion

Lymphocyte 
subset analysis 
flow cytometry/
cytogenetics

For evaluation of suspected 
lymphoma

ADA Investigation for tuberculous pleural 
effusion

Table 12.1 Recommended initial pleural fluid assays

Assay Rationale

Protein and LDH To distinguish transudates from 
exudates

pH To identify pleural infection and 
other conditions causing low pH

Glucose To identify pleural infection and 
other conditions causing low 
pleural fluid glucose

Cytology: 
Differential cell 
count + Abnormal 
cells

To identify malignant cells and 
distinguish lymphocytic, 
eosinophilic, and neutrophilic 
effusions

Microbiology: Gram 
stain and culture, 
acid-fast bacilli 
stains and culture

To identify intrapleural infection, 
the causative organism, and 
antibiotic sensitivities
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FURTHER INVESTIGATIONS

COMPUTERIZED TOMOGRAPHY

Contrast enhanced thoracic CT performed in the pres-
ence of pleural �uid is of value in evaluating the cause of 
pleural e�usion. Pleural nodularity, irregularity, circum-
ferential pleural thickening, pleural thickening involving 
the  mediastinal surface or thickening >1 cm are speci�c 
features of malignant pleural disease.45,46 Image acquisition 
45–60 seconds a�er contrast provides optimal visualization 
of the pleura and distinction between pleural thickening 
and pleural �uid.47 CT performed prior to complete drain-
age of pleural �uid provides reliable identi�cation of fea-
tures of malignancy.45

Pulmonary embolism may be diagnosed with CT; how-
ever, the phase of contrast used to visualize the pleura opti-
mally may not be ideal for evaluation of pulmonary embolic 
disease. CT may demonstrate signs of asbestos exposure such 
as folded lung, pleural thickening, and pleural plaques, indi-
cating the potential for the e�usion to be related to asbestos.

In the case of malignancy, CT will, particularly if the 
abdomen and pelvis are included, provide information 
needed to stage cancer, or identify a primary site in the case 
of metastatic disease to the pleura.

 POSITRON EMISSION TOMOGRAPHY-CT

As 18-�uorodeoxyglucose uptake is elevated in malignant 
e�usion, positron emission tomography-CT (PET-CT) has 
shown promise in the investigation of inpatients with pleu-
ral e�usions. Uptake is also elevated, however, in patients 
for years following talc pleurodesis48 and in patients with 
pleural infection.49 Currently, PET-CT does not have a 
role in the routine investigation of pleural disease, though 
it may have a role in monitoring response to treatment in 
mesothelioma.50

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging (MRI) provides clear radio-
graphic delineation of so� tissue, and high signal on 
T2-weighted imaging can help distinguish benign from 
malignant disease.51 In addition, MRI is superior to CT in 
the evaluation of chest wall and diaphragmatic invasion.52 
MRI may represent an alternative imaging modality in 
patients in whom contrast is contraindicated for reasons of 
renal impairment or allergy. MRI has also been studied in its 
role for monitoring treatment response in mesothelioma.53

HISTOLOGICAL DIAGNOSIS

In cases of a pleural e�usion where a diagnosis cannot 
be reached or when malignancy is suspected on clinical 

or cytological grounds, it may be necessary to proceed 
to more invasive techniques and obtain tissue for histo-
logical analysis. �is may involve percutaneous biopsy 
or either surgical or local anesthetic thoracoscopy. �ese 
techniques are discussed in more detail in Chapters 16, 
46, and 47.

THORACOSCOPY

�oracoscopy, either with video-assisted thoracic surgery 
(VATS) or with local anesthetic, allows visualization and 
targeted biopsy of the pleura. �is procedure is not only 
diagnostic but also therapeutic, allowing drainage of a pleu-
ral e�usion and pleurodesis.

IMAGE-GUIDED BIOPSY

In cases in which a suitable targeted biopsy site can be iden-
ti�ed radiologically, CT- or ultrasound-guided biopsy may 
allow a histological diagnosis to be obtained. CT-guided 
biopsies have a higher yield than blind Abrams’ needle 
biopsy54 and are an option in patients unable to undergo 
thoracoscopy with measureable pleural thickening on their 
CT scan.

 PLEURAL DISEASE WITHOUT PLEURAL 
EFFUSION

Approximately 5% of patients have pleural disease in the 
absence of pleural �uid at presentation. �ese patients 
may have pleural thickening or pleural-based tumors for 
which the management hinges on the evaluation for pos-
sible malignancy. Obtaining CT imaging is necessary for all 
patients, and where the CT �ndings and symptoms are sus-
picious, seeking histological con�rmation with a CT-guided 
pleural biopsy or surgical VATS is required. For those with 
benign features, e.g., di�use pleural thickening secondary 
to asbestos exposure, radiological follow-up, most o�en 
with CT, is necessary to ensure lack of worrying radio-
graphic progression.

TIME TO RESOLUTION

Knowledge of the time of resolution, either spontaneous or 
with therapy, of pleural e�usions can be helpful diagnosti-
cally.55 For example, an e�usion from a pulmonary embo-
lism rarely persists for more than 1 month,56 benign asbestos 
pleural e�usion may not resolve for 1–12 months,57 tuber-
culous pleural e�usions resolve over 1–4 months,58  and 
 e�usions from yellow nail syndrome59 and trapped lung are 
persistent.60
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UNDIAGNOSED EFFUSIONS

A small number of patients with pleural e�usions are too 
frail to undergo invasive investigations such as thoracos-
copy. In such patients, a histological diagnosis may not alter 
management, and in this situation a pragmatic, symptom-
focused approach, having excluded treatable disease, may 
be necessary.

Despite thorough investigation, a number of patients 
with pleural e�usions remain undiagnosed. A study of 75 
such patients with pleural biopsies demonstrating “nonspe-
ci�c pleuritis” showed that 8.3% of the patients developed 
malignancy (mean follow-up period was 32.9 months) and 
81.8% of these patients had a spontaneous resolution of their 
e�usions.61

A prudent approach in patients with an undiagnosed 
e�usion may be selective repetition of relevant tests with 
particular consideration given to diseases with speci�c 
treatment such as tuberculosis, pulmonary embolism, lym-
phoma, and heart failure.62

FUTURE DIRECTIONS

With a more comprehensive knowledge of pleural �uid 
analysis in conjunction with all available clinical infor-
mation to formulate a pretest diagnosis, the number of 
patients with a persistently undiagnosed e�usion should 
continue to diminish. As new biochemical, cytological, 
and molecular biological tests are developed and incor-
porated into analysis of pleural e�usions, the frequency of 
pleural e�usions remaining undiagnosed should decrease 
further. Large, prospective studies of pleural �uid analy-
sis in patients with clearly established diagnoses should 
enhance the presumptive diagnostic value of pleural �uid 
analysis and thereby avoid the necessity of repeat tho-
racentesis or thoracoscopy. As pulmonologists develop 
increasing expertise in the management of pleural e�u-
sions and as access to thoracoscopy increases, it should be 
a rare occurrence to encounter a patient with a persistently 
 unexplained pleural e�usion.
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INTRODUCTION

When clinicians detect a previously undiagnosed pleural 
e�usion, a methodical evaluation can usually establish the 
de�nite or, at least, the probable cause of the e�usion. �is 

evaluation begins with a comprehensive history and physi-
cal examination complemented by various imaging studies 
and serum tests to construct a probable di�erential diagnosis. 
Establishing a de�nite diagnosis, however, usually requires 
thoracentesis and pleural �uid analysis. Pleural �uid analysis 
can (1) diagnose a speci�c pleural disorder, such as empyema 
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KEY POINTS

 ● Acquisition of information from a thorough history and physical examination along with routine blood and urine 
laboratory and chest imaging studies before thoracentesis augments the diagnostic value of pleural �uid analysis.

 ● Pleural �uid analysis begins with an assessment of the physical characteristics of aspirated �uid, which can provide 
a bedside diagnosis for several conditions or at least limit the di�erential diagnosis.

 ● Multiple pleural �uid tests and diagnostic rules provide comparable discriminatory properties to di�erentiate 
between exudates and transudates but none has su�cient accuracy to obviate clinical judgment.

 ● Careful assessment of the cellular content of pleural �uid can markedly narrow the di�erential diagnosis.
 ● Cytologic examination of pleural �uid has a high sensitivity for lymphomatous e�usions but the limited sensitivity 

of this test for other types of malignant pleural e�usions does not allow a negative test to rule out cancer.
 ● �e clinical probability of suspected diagnoses for an individual patient determines which chemical tests should be 

ordered for pleural �uid analysis.
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or a malignant pleural e�usion (MPE) when pleural �uid 
contains pus or cancer cells respectively; (2) diagnose a spe-
ci�c extrapleural disease as the cause of an e�usion, such 
as a pancreatico-pleural �stula due to chronic pancreatitis 
when pleural �uid has a very high amylase concentration; 
(3) suggest an underlying condition that requires further 
evaluation, such as myxedema, amyloidosis, or liver disease 
when a transudative e�usion is detected in the absence of 
congestive heart failure (CHF); or (4) eliminate a speci�c 
diagnosis and thereby simplify subsequent management, 
as occurs when pleural �uid analysis excludes intrapleural 
infection in a patient with pneumonia.

�e present chapter reviews the most commonly per-
formed pleural �uid tests that assist diagnosis of pleural 
disease. It is important to emphasize that only a few pleural 
�uid test results reviewed in this chapter provide su�ciently 
de�nitive information to establish a speci�c diagnosis. For 
other results, physicians should use �ndings from pleural 
�uid analysis as supplemental rather than de�nitive data 
that only modify the relative probabilities of the diagnoses 
that were suspected before thoracentesis.

 PLEURAL FLUID HANDLING AND 
ORDERING OF TESTS

Pleural �uid must be properly handled and submitted to the 
diagnostic laboratory in appropriate volumes and contain-
ers. Pleural �uid for cell counts and di�erentials must be 
collected in anticoagulated tubes otherwise the total white 
blood count (WBC) will be artifactually lowered.1 Manual as 
opposed to automated WBC di�erential counts provide more 
accurate results.1 Many centers collect pleural �uid for cyto-
logic examination in anticoagulated containers although 
others store nonanticoagulated samples overnight at 2–8°C 
to allow formation of �brinous clot that can be examined 
by routine cytologic and immunohistochemical techniques.2 
Cells retain morphologic features when samples are stored 
for 2 days at room temperature and 4 days refrigerated.3 �e 
value of routinely performing cytologic and immunocyto-
chemical examinations on cell blocks from the sediment of 
pleural �uid samples remains controversial.4–7

Sending �uid in blood culture bottles increases culture 
yields.8,9 Submitting 100 mL as opposed to 5 mL of pleural 
�uid for tuberculosis culture does not increase diagnostic 
yield except for HIV-positive patients (79% vs. 52% posi-
tive cultures).10 Diagnostic yield of cytologic assays for MPE 
increases with increasing sample volumes up to but not 
beyond 60 mL.11,12 Fluid for pH must be drawn anaerobi-
cally and sent in a sealed syringe or equivalent container 
to prevent dissipation of carbon dioxide and introduc-
tion of air.13,14 Samples kept at room temperature for up to 
30–60  minutes before pH assay provide accurate results 
but delays ≥4 hours alter measured pH unless samples are 
stored on ice.13,15 Residual lidocaine or excessive heparin in 

syringes decreases pH.13 Accurate pleural �uid pH assays 
require use of a blood gas analyzer.16

Centrifugation of turbid pleural �uid may assist di�er-
entiation between a chylothorax or cholesterol e�usion and 
an empyema. Lipid-related e�usions retain a turbid super-
natant a�er centrifugation while empyema samples have a 
clear supernatant as cells form a pellet.

Routine tests on pleural �uid include protein, lactate 
dehydrogenase (LDH), cell count and di�erential, glucose, 
and cytology. Pleural �uid stains and cultures for bacteria, 
mycobacteria, and fungi are ordered if infection is a clini-
cal possibility. Pleural �uid pH is reserved for parapneu-
monic e�usions to assist drainage decisions and evaluation 
of suspected ruptured esophagus or rheumatoid pleurisy. 
Adenosine deaminase (ADA) is indicated if tuberculous pleu-
risy is a consideration, and a hematocrit should be ordered for 
frankly bloody e�usions.

 PLEURAL FLUID APPEARANCE AND 
ODOR

Gross inspection of the color, viscosity, and odor of pleural 
�uid may establish or suggest a speci�c diagnosis. Clear, low 
viscosity, straw-colored �uid suggests a transudate although 
a pauci-cellular exudate cannot be excluded. Transudates, 
however, can appear straw colored, turbid, or even bloody. 
Serosanguinous �uid provides no diagnostic value because 
as few as 10,000 erythrocytes/µL can cause this appearance, 
which of occurs in patients with CHF-related e�usions. 
A frankly blood e�usion narrows the di�erential diagnosis to 
malignancy, benign asbestos pleural e�usion (BAPE), postcar-
diac injury syndrome (PCIS), pulmonary infarction, trauma, 
thoracic endometriosis, and a few other less common condi-
tions. Although MPE is the most common cause of a bloody 
e�usion, only 11%–50% of MPE have this appearance.17,18

Milky pleural �uid limits the diagnosis to chylothorax, 
cholesterol e�usion, erosion of a central venous catheter 
(CVC) through thoracic veins when lipid nutrients are being 
infused, or intratracheal misplacement of enteral tubes with 
dissection of feeding solution into the pleural space. �e 
absence of a milky appearance does not exclude a chylotho-
rax because 26% are bloody, 11% yellow turbid, 3% green 
turbid, and 13% have other appearances especially when 
patients are fasting.19,20 Longstanding bloody e�usions may 
appear brown although highly viscous brown-appearing 
pleural �uid (“anchovy paste”) suggests a ruptured amebic 
liver abscess.21 Black pleural �uid suggests Aspergillus niger 
or Rhizopus oryzae empyema,22,23 malignant melanoma, 
hemorrhage with hemolysis, or charcoal-containing empy-
emas,23 while a yellow-green tint may rarely occur with rheu-
matoid e�usions.24 Green bilious �uid suggests a biliothorax.

Intrapleural pus establishes an empyema, and putrid 
smelling pus indicates anaerobes. When pleural �uid con-
tains debris, rheumatoid pleurisy with exfoliation of rheu-
matoid nodules from the visceral pleural surface should be 
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suspected.25 Pleural �uid with an ammonia or urine smell 
suggests an urinothorax.26

 CATEGORIZING EFFUSIONS AS 
TRANSUDATES OR EXUDATES

A�er gross inspection, classi�cation of a pleural e�usion 
as an exudate or transudate by chemical testing represents 
the next step in pleural �uid analysis.27–29 Many conditions 
cause exudative e�usions (Table 13.1), while a limited num-
ber cause transudates (Table 13.2). Because exudates o�en 
signify a previously undiagnosed pleural condition of high 
prognostic import, such as a MPE or tuberculous pleurisy, 
the primary goal of pleural �uid classi�cation is to detect exu-
dates. To achieve this goal, cuto� points for pleural �uid tests 
are selected to maximize sensitivity for exudates. Operating 
characteristics for these cuto� points are shown in Table 
13.3 as extracted from a meta-analysis of 1448 patients.30 
Maximizing sensitivity, however, invariably decreases speci-
�city and thereby increases the probability that some transu-
dates will be misclassi�ed as exudates.28,30,31

Because of their pathophysiology, exudative e�usions have 
higher concentrations of high molecular weight  constituents 
as compared with transudates. Consequently, commonly used 
pleural �uid tests to classify e�usions measure concentrations 
of these high molecular weight constituents. �e continuous 
numeric results from these tests are dichotomized into the 
binary classes of exudates and transudates.

To further increase sensitivity for exudates, various 
 models combine the dichotomized results of two or more 
pleural �uid tests in “Either-Or” models (also termed rules) 
in which only one test needs to return a positive result to clas-
sify an e�usion as exudative (Table 13.3).31,32 �e models use 
an “Either-Or” rule because this approach increases sensitiv-
ity, which �ts the clinician’s intent of not missing any true 
exudates. �e trade-o�, however, is a decrease in speci�city. 
Light’s rule represents the best known and most commonly 
used “Either-Or” model for classifying pleural e�usions as 
exudates. �e Light’s rule tests for the dichotomized results of 
three criteria to classify an exudate: (1) pleural �uid to serum 
protein ratio >0.5; (2) pleural �uid to serum LDH ratio >0.6; 
and (3) pleural �uid LDH concentration >67% of the labora-
tory’s upper limit of normal for serum LDH.27 �is model has 
an overall sensitivity of 98% and speci�city of 74% for exuda-
tive e�usions.30,33–35

�e Light’s rule is criticized for its requirement for serum 
assays in order to calculate ratios, and its inclusion of two cri-
teria (pleural �uid LDH and the pleural �uid to serum LDH 
ratio) that share the same element (pleural �uid LDH) and 
are, therefore, highly correlated. Classi�cation models that 
combine multiple variables should ensure that each variable, 
or test in this instance, measures something di�erent than 
the other to avoid the statistical problem of over-�tting the 
model and in�ating the model’s performance.36 Studies dem-
onstrate that the pleural �uid LDH and the LDH ratio criteria 

contained in Light’s rule have a coe�cient of correlation of 
>0.9,34,37,38 as would be expected by mathematical coupling.

To address the added costs and inconveniences of serum 
testing required by Light’s rule, several investigations have 
examined the utility of other multitest models that classify 
e�usions using pleural �uid tests alone.30,34,39–45 �ese inves-
tigations should be considered noninferiority studies because 
their goals were to identify models that have equivalent (not 
better) accuracy for classifying e�usions as compared with 
Light’s rule but provide the pragmatic advantage of eliminat-
ing serum testing. �e rationale for these models derives from 
observations that several individual pleural �uid tests, such 
as pleural �uid protein or cholesterol, have similar accuracies 
for classifying e�usions as compared with each of the three 
individual tests contained in Light’s rule.30,34,39–45 Several of 
these combination rules calculated from a meta-analysis30 are 
shown in Table 13.3.

To address the mathematical coupling inherent in Light’s 
rule, several approaches exist. Clinicians can use one of the 
other test combinations listed in Table 13.3 that only require 
pleural �uid test results as proposed by He�ner et al.30 Or cli-
nicians can use the “abbreviated Light’s criteria rules”30,43 that 
include either the pleural �uid LDH criterion or the pleural 
�uid to serum LDH ratio, but not both, which results in no loss 
of diagnostic accuracy as compared with the full three-test 
Light’s rule.30,43 Joseph and coworkers opine that the abbrevi-
ated Light’s rule should use the pleural LDH rather than the 
pleural �uid to serum LDH ratio because they demonstrated 
an absence of a relationship between serum and pleural �uid 
LDH levels in patients with pleural e�usions, suggesting that 
the LDH ratio does not re�ect pleural membrane permeabil-
ity.38,46 Of note, several studies reported better discriminative 
properties of the two-test abbreviated Light’s rule with use 
of a cuto� point for pleural �uid LDH >45% (rather than the 
traditional >67%) of the laboratory’s upper limit of normal 
for serum LDH.30,34,43,46

Because combination test rules intentionally maximize 
sensitivity for exudates at the expense of speci�city, a consid-
erable proportion of transudates, estimated as 25% for Light’s 
rule,35 are misclassi�ed as exudates. Speci�c clinical exam-
ples include CHF-related e�usions with erythrocyte counts 
>10,000 cells/µL47 and patients with CHF or hepatic hydrotho-
rax a�er diuretic therapy.48,49 Clinicians can manage patients 
suspected of having a misclassi�ed e�usion in several di�er-
ent ways. For CHF-related e�usions, a serum to pleural �uid 
albumin gradient (serum albumin minus pleural �uid albu-
min), performed as a follow-up test, that returns a value >1.2 g/
dL increases the probability of a true transudate.35,43 �e albu-
min gradient performs better than the serum to pleural �uid 
protein gradient (serum protein minus pleural �uid protein; 
>3.1 g/dL suggests a true transudate).35 �e albumin gradient 
and measurement of serum or pleural �uid natriuretic pep-
tides (see below) have similar accuracy in this setting.50–53 For 
misclassi�ed hydrothoraces, one study reported that a pleural 
�uid to serum albumin ratio <0.6 correctly classi�ed the high-
est proportion of misclassi�ed e�usions as compared with the 
albumin or protein gradients.35 As a �nal approach, clinicians 



156 Pleural fluid analysis

Table 13.1 Major causes of exudative effusions

Infections and Infestations

• Fungal, bacterial, atypical, and viral pneumonia and septic emboli
• Tuberculous pleurisy
• Parasites
• Subphrenic abscess with sympathetic effusion
• Spread of abscess contents from adjacent anatomic compartment into the pleural space
• Esophageal rupture

Iatrogenic

• Misplaced venous or enteral catheters
• Drug-induced
• Esophageal perforation or sclerotherapy

Malignancies

• Primary pleural neoplasms
• Metastatic neoplasms

Other Inflammatory, Vascular, and Membrane Disorders

• Pancreatitis
• Benign asbestos pleural effusion
• Pulmonary embolism
• Radiation therapy
• Pericarditis
• Uremic pleurisy
• Sarcoidosis
• Postcardiac injury syndrome and after cardiac surgery
• Acute respiratory distress syndrome
• Superior vena cava syndrome
• Catamenial hemothorax, thoracic endometriosis
• Splenic disorders

Connective Tissue Diseases

• Lupus pleuritis
• Rheumatoid pleurisy
• Mixed connective tissue disease
• Churg–Strauss syndrome
• Granulomatosis with polyangiitis (Wegener’s)
• Familial Mediterranean fever

Endocrine Dysfunction

• Myxedema
• Ovarian hyperstimulation syndrome

Movement of Fluid from Abdomen or Other Anatomic Compartment to Pleural Space

• Pancreatitis and pancreatic pseudocyst
• Meigs syndrome
• Chylous ascites
• Chylous effusions from lymphatic vessels
• Malignant ascites
• Intrapleural hemorrhage
• Biliopleural fistula

Pleural Thickening, Chronic Effusions

• Entrapped lung
• Trapped lung
• Cholesterol effusions
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Table 13.2 Major causes of transudative effusions

Condition Comment

Congestive heart failure Diuretics can increase protein and LDH concentrations into 
borderline exudative range.

Cirrhosis Uncommon without clinical evidence of ascites. Abdominal 
CT always demonstrates ascites.

Nephrotic syndrome Typically small, bilateral.
Peritoneal dialysis Large right effusion may develop within 48 hours of 

initiating dialysis. High pleural fluid glucose content with 
protein <1 g/dL.

Misplaced central venous catheters

Glycinothorax

Transudate if perfusate has low protein content. Pleural fluid 
to serum glucose ratio >1 if perfusate contains glucose.

Elevated pleural fluid glycine.
Hypoalbuminemia Associated with volume overload and dependent edema; 

small bilateral effusions.
Urinothorax Unilateral. Elevated pleural fluid creatinine above serum 

value.
Atelectasis Small effusion secondary to increased intrapleural negative 

pressure.
Constrictive pericarditis Bilateral effusions with normal heart size.
Trapped lung Unilateral effusion from imbalance in hydrostatic pressures 

from a remote inflammatory process that caused a fibrotic 
peel. Also associated with exudative effusions.

Superior vena cava obstruction Rarely transudate due to acute systemic venous 
hypertension.

Duropleural fistula Cerebrospinal fluid; pleural fluid β-2 transferrin diagnostic. 
Protein <1 g/dL.

Table 13.3 Pleural fluid tests and testing rules to classify effusions as exudates

Test or rule Commonly recommended cutoff points Sensitivity% (95% CI)
Speci�city% (95% CI)
AUC(95% CI)

PF protein >2.9 g/dL 91.5 (89.3–93.7)
83.0 (77.6–88.4)
0.94 (0.93–0.96)

PF to S protein ratio >0.5 89.5 (87.4–91.6)
90.9 (87.4–94.5)
0.95 (0.94–0.97)

PF LDH >67% upper limit of serum normal. Some studies 
recommend >45% upper limit of serum normal. 

88.0 (85.8–90.3)
81.8 (77.1–86.6)
0.93 (0.92–0.95)

PF to S LDH ratio >0.6 91.4 (89.4–93.3)
85.0 (80.6–89.4)
0.95 (0.93–0.96)

PF cholesterol >45 mg/dL. Individual studies recommend cutoff 
points that range from >45 mg/dL to >60 mg/dL.

89.0 (86.8–91.2)
81.4 (76.6–86.2)
0.93 (0.92–0.95)

PF to S cholesterol 
ratio

>0.3 92.0 (90.1–93.9)
81.4 (76.6–86.2)
0.94 (0.93–0.96)

S to PF albumin 
gradient

≤1.2 g/dL 86.8 (82.2–91.4)
91.8 (86.4–97.3)
0.94 (0.91–0.97)

(Continued )
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who suspect a false positive exudate in patients with CHF 
or liver insu�ciency may initiate therapy for the underly-
ing disease and monitor the e�usion for resolution. No stud-
ies demonstrate improved outcomes with additional pleural 
�uid testing in these settings in the absence of clinical signs 
of a coexisting pleural process.

Combination test rules, such as the Light’s rule, are o�en 
described as having overall classi�cation accuracies >90%.39 
�ese high values, however, derive from studies that ana-
lyze pleural �uid test results from all patients undergoing 
thoracentesis at an institution even though many patients 
had known diagnoses and/or extreme pleural �uid test 
results. In actual clinical practice, pleural �uid classi�cation 
provides its greatest value when the cause of the e�usion 
is uncertain. Such e�usions o�en have test results close to 
their cuto� points, which provide lower overall classi�ca-
tion accuracy than extreme results.54

A meta-analysis of pleural �uid tests underscores this point 
by demonstrating that the overall classi�cation accuracy of the 
three-test Light’s rule decreased to 70% when any one of the 
three criteria returned a value close to its cuto� point (Figure 
13.1).55 �e overall classi�cation accuracies of >90% reported 
for combination test rules create an appearance that the rules 
provide nearly perfect classi�cation. �is appearance, how-
ever, represents overly optimistic estimates of the rules’ per-
formance, which occur when any test result that generates a 
continuous numeric result (e.g., pleural �uid protein concen-
tration) is dichotomized into the two categories of “above” 
or “below” a single cuto� point.36 Dichotomization increases 
the risk of Type I errors (i.e., false positive exudate), especially 
when two of the included variables are even moderately cor-
related, as occurs with the Light’s rule.36

�e diagnostic uncertainty introduced by borderline test 
results can be further illustrated by examining likelihood 

ratios for pleural �uid results generated at di�erent strata 
of test results (multilevel likelihood ratios) or continuously 
across the spectrum of possible results (continuous likeli-
hood ratios).28,34,55,56 As shown in Figure 13.2 for pleural 
�uid to serum LDH ratio values, dichotomized likelihood 
ratios for test results close to the cuto� point greatly over-or 

Test or rule Commonly recommended cutoff points Sensitivity% (95% CI)
Speci�city% (95% CI)
AUC(95% CI)

S to PF protein 
gradient

≤3.1 g/dL 83.8 (77.5–88.6)
90.6 (80.1–96.1)

AUC data unavailable
Light’s three-test rule PF LDH >45% normal or PF/S protein ratio >0.5 or 

P/S LDH >0.6
98.0 (97.0–99.0)
75.0 (69.0–80.0)

AUC data not available
Abbreviated Light’s rule PF LDH >45% normal or PF/S protein ratio >0.5 97.0 (98.0–99.0)

80.0 (74.0–85.0)
AUC data not available

Heffner three-test rule PF protein >2.9 or PF LDH >45% lab normal or PF 
cholesterol >45 mg/dL

98.4 (97.5–99.3)
70.4 (64.7–76.0)

AUC data not available
Heffner two-test rule PF LDH >45% lab normal or PF cholesterol 

>45 mg/dL
97.5 (96.4–98.6)
71.9 (66.4–77.5)

AUC data not available

Source: Extracted from Heffner JE et al. Chest, 111, 970–980, 1997.
Abbreviations: AUC, area under the curve; PF, pleural fluid.
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Figure 13.1 Diagnostic accuracy of Light’s rule for iden-
tifying an exudate when one of the three criteria (shown 
here as the pleural fluid to serum LDH ratio) varies across 
its range. Note that the accuracy of the entire three-test 
rule decreases markedly when the LDH ratio approaches 
its cutoff point (vertical line). (Original data reported 
in Heffner JE et al., Am J Respir Crit Care Med, 167, 
1591–1599, 2003.)

Table 13.3 (Continued ) Pleural fluid tests and testing rules to classify effusions as exudates
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underestimate the corresponding multilevel or continuous 
likelihood ratios, which represent the more accurate prob-
ability that an e�usion is an exudate.

In summary, multiple pleural �uid individual tests and 
combination test models, including Light’s rule, allow rea-
sonably accurate classi�cation of e�usions as exudates or 
transudates to guide subsequent patient care. Clinicians 
should recognize, however, that none of the existing strate-
gies provides perfect discrimination, and it appears unre-
alistic to believe that further enhancement of these rules 
will achieve perfection. �ey provide a resource for guid-
ing diagnostic and therapeutic management. When the 
classi�cation of an e�usion does not match the clinical 
impression, clinicians should conduct more detailed clini-
cal assessments, perform additional imaging or testing, 
monitor patients to ensure they follow the clinical course 
expected, and avoid being overly constrained by the �uid’s 
classi�cation.

CELLULAR ASSAYS

�e total pleural �uid nucleated cell count does not pro-
vide speci�c diagnostic information but may narrow a 
di�erential diagnosis. Most exudates have >1,000 nucle-
ated cells/µL, while transudates usually contain <1,000 

nucleated cells/µL.57 When the nucleated cell counts 
exceed 10,000/µL, consider parapneumonic e�usions, 
acute pancreatitis, subdiaphragmatic abscess, and splenic 
infarction.57–59 Nucleated counts >10,000/µL occur less 
commonly with pulmonary infarction, malignancy, tuber-
culosis, PCIS, and lupus pleuritis being the usual under-
lying diagnoses.57–59 Nucleated cell counts >50,000/µL 
most o�en develop in complicated parapneumonic e�u-
sions and empyema but occasionally from acute pancre-
atitis and pulmonary infarction.57–59 Chronic exudates 
typically have nucleated cell counts <5,000/µL, as found 
with tuberculous pleurisy and MPE.57,60,61 Keep in mind 
that patients with frank empyemas o�en have nucleated 
cell counts <1,000/µL because most neutrophils have 
undergone autolysis.

�e distribution of di�erent nucleated cell types (cell 
di�erential) in transudative pleural e�usions is  notable 
for predominance of mononuclear cells (lymphocytes, 
 macrophages, and mesothelial cells). Repeated  thoracentesis, 
however, can stimulate proin�ammatory cytokines that can 
shi� cell count di�erentials toward neutrophil predomi-
nance with increased total leukocyte counts.62 Neutrophil 
predominance at the time of initial thoracentesis in a patient 
with a transudative e�usion, however, suggests a coexisting 
condition, such as pleural infection.

Cell count di�erentials in exudative pleural e�usions 
depend on a complex array of multiple interleukins (IL) and 
other proin�ammatory mediators produced in the pleural 
space or derived from the systemic circulation that varies 
between types of pleural injuries and over time.63–66 �e 
acute response to any pleural injury �rst attracts neutro-
phils to the pleural space67 due to early release of IL-8.68,69 
Within 48–72 hours following cessation of acute injury, 
mononuclear cells enter the pleural space from peripheral 
blood and become the predominant cell type.70 �is macro-
phage predominance is eventually replaced by lymphocytes, 
which become the predominant leukocyte in e�usions that 
persist more than 2 weeks. Lymphocytes are recruited to the 
pleural space through various in�ammatory pathways.71

A neutrophil-predominant (>50% neutrophils) exudate 
exists when patients present shortly a�er onset of pleural 
injury. �erefore, acute bacterial pneumonia, acute pulmo-
nary embolism with infarction, and acute pancreatitis are 
typically neutrophil-predominant although conversion to 
lymphocyte predominance eventually occurs.72 Pleural dis-
orders with an insidious onset typically cause lymphocyte 
predominance (>50% lymphocytes) at initial thoracente-
sis. More than 90% of lymphocyte-predominant e�usions 
result from malignancy and tuberculosis.71

When the lymphocyte population is ≥80% of total nucle-
ated cells, the di�erential diagnosis of an exudative e�usion 
is narrowed (Table 13.4).73 Tuberculous pleurisy represents 
the most common diagnosis,74 although the typical lym-
phocyte count of tuberculous e�usions ranges between 50% 
and >90% in approximately 90% of patients; only 7%–17% 
of patients have a neutrophil predominance at initial tho-
racentesis.75–77 �e degree of lymphocyte predominance in 

Figure 13.2 Likelihood ratios for pleural fluid to serum 
LDH ratio using a single cutoff point (lines with triangles—
binary likelihood ratios), multiple discrete cutoff points 
(staggered staircase line—multilevel likelihood ratios) 
and cutoff points for every discrete test result (curved 
line—continuous likelihood ratio). Note how the single 
cutoff point under- and overestimates the likelihood of an 
exudate at values close to its cutoff point. (Adapted from 
Heffner JE et al., Am J Respir Crit Care Med, 167, 1591–
1599, 2003. Reprinted with permission of the American 
Thoracic Society. Copyright 2013 American Thoracic 
Society. Official journal of the American Thoracic Society.)
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tuberculous pleurisy is negatively associated with the prob-
ability of a positive pleural �uid tuberculosis culture.75,77 �e 
remaining diagnoses associated with pleural lymphocytosis 
>80% are listed in Table 13.4. Malignant e�usions typically 
have lymphocyte counts between 50% and 70%.

�e separation of T and B lymphocytes in lymphocyte-
predominant e�usions o�ers little diagnostic value for most 
exudative e�usions.78,79 However, the T-lymphocyte repre-
sents 70%–80% of the pleural �uid lymphocyte population 
in patients with nonmalignant causes of pleural e�usions, 
and �ndings of >80% B lymphocytes in lymphocyte- 
predominant exudates strongly supports a lymphoma or 
leukemic etiology.80

Pleural �uid eosinophilia (PFE) is de�ned as a pleu-
ral �uid eosinophil count ≥10% of the total nucleated cell 
count. Mechanisms for eosinophil transit from the bone 

marrow to the pleural space are unknown.81–83 Virtually 
any etiology of a pleural e�usion has been associated with 
PFE (Table 13.5),84,85 and PFE are commonly idiopathic. 
Although previously thought to exclude a pleural neo-
plasm, MPE occur equally between eosinophilic and none-
osinophilic e�usions.86,87 Extreme degrees of PFE, however, 
reduce the likelihood of MPE.88 Approximately 30% of 
BAPE have PFE with eosinophil percentages reaching 
50%.89,90 Fungal diseases, particularly coccidioidomycosis 
and histoplasmosis, some drug-induced causes of pleural 
e�usions, Churg–Strauss syndrome, lymphoma (particu-
larly Hodgkin’s lymphoma), autoimmune disorders, and  
parasitic diseases can cause PFE.73,86,87,91,92 A tuberculous 
e�usion is an uncommon cause of PFE.85,93 Among patients 
with HIV infection and tuberculous pleural e�usions, PFE 
is associated with a paradoxical response to antitubercular 

Table 13.4 Exudative effusions with ≥80% lymphocytes

Condition Comment

Tuberculous pleurisy Most common cause of extreme lymphocyte-predominant 
exudates.

Chylothorax Total lymphocyte counts usually <5000 cells/µL. Neutrophil 
predominance may occur in postsurgical chylothoraces.

Lymphoma Often 100% lymphocytes. B cells predominance suggests 
lymphoma

Yellow nail syndrome A cause of persistent effusion.
Rheumatoid pleurisy Usually associated with lung entrapment.
Sarcoidosis Usually 50%–70% lymphocytes; rarely >80%.
Acute lung rejection New or increased effusion 2–6 weeks after transplant.
CABG surgery Occurs >2 months following surgery.
Uremic pleuritis Most resolve with continued dialysis but some require chest 

tube drainage or decortication.
Abbreviation: CABG, coronary artery bypass graft.

Table 13.5 Diseases associated with pleural fluid eosinophilia

Condition Comment

Pneumothorax PFE occurs early and commonly.
Hemothorax PFE occurs 1–2 weeks after bleeding.
Idiopathic pleural effusion Commonest cause of PFE.
Benign asbestos pleural effusions 30% incidence of PFE; up to 50% eosinophils.
Pulmonary embolism Occurs in 8%–18% of patients with pleural effusions.
Parasitic disease Paragonimiasis, hydatid disease, amebiasis, ascariasis.
Fungal disease Histoplasmosis, coccidioidmycosis, aspergillosis.
Drug-induced Multiple drug causes that include dantrolene, 

bromocriptine, nitrofurantonin, valproic acid, and 
infliximab. Some have serum eosinophilia with PFE.

Lymphoma Most commonly Hodgkin’s disease.
Carcinoma 5%–8% with PFE although very high eosinophil counts less 

commonly due to malignancy.
Churg–Strauss syndrome Associated with blood eosinophilia.
Tuberculous pleurisy Rare.
Sarcoid effusions Rare.

Abbreviation: PFE, pleural fluid eosinophilia.
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therapy.94 Although commonly stated to induce PFE, no evi-
dence exists that repeated thoracentesis or a pleural biopsy 
increases eosinophil counts.95–97

Macrophages and mesothelial cells do not provide 
important diagnostic information, although lympho-
cytes and macrophages predominate in MPE while lower 
macrophages counts occur in tuberculous e�usions.98 
Mesothelial cells are exfoliated into normal pleural �uid 
as a part of normal pleural membrane cellular turnover. 
Although commonly detected in transudative e�usions 
and some exudates, mesothelial cells are rarely found in 
tuberculous e�usions,57,98,99 presumably because exten-
sive pleural in�ammation inhibits mesothelial shedding.99 
More than 5% mesothelial cells makes tuberculosis highly 
unlikely. Patients with tuberculous pleurisy and underly-
ing HIV infection with CD4 counts below 100/µL, how-
ever, may have mesothelial cell counts >5%.100 Other 
conditions that coat the pleura with in�ammatory exu-
date, such as rheumatoid pleurisy,101 also decrease meso-
thelial cell shedding.

Large numbers of plasma cells suggest intrapleural 
multiple myeloma.102 A few basophils provide no clinical 
signi�cance. When basophils represent >10% of nucle-
ated cells, however, leukemic involvement of the pleura is 
likely.103,104 A pleural �uid hematocrit (Hct) >50% that of 
the peripheral blood de�nes a hemothorax although val-
ues between 25% and 50% support the diagnosis if patients 
undergo thoracentesis several days a�er active pleural 
bleeding resolves.105

CYTOLOGICAL ANALYSIS

Cytological examination of aspirated pleural �uid repre-
sents a rapid and e�ective test for diagnosing a MPE and 
may also assist the diagnosis of several types of nonmalig-
nant e�usions. For MPE, case series report a sensitivity that 
ranges from 39% to 92%11,106–111 with 65% being the typically 
expected diagnostic yield for a �rst thoracentesis. A second, 
but not third, thoracentesis increases yield by a clinically 
important increment (12%–27%).106,109

Extensive progress has been made in enhancing the diag-
nostic utility of routine morphologic cytology with immu-
nohistochemistry and molecular assays for both detecting 
pleural malignancies (including mesothelioma) but also 
identifying speci�c cell types and di�erentiating adenocar-
cinoma from mesothelioma. �ese advances are reviewed 
elsewhere.112–116

In patients with Hodgkin’s lymphoma, pleural �uid 
cytology has a low sensitivity because thoracic duct 
obstruction is the usual cause of �uid formation rather than 
direct pleural in�ltration. Reed–Sternberg cells in pleural 
�uid support direct pleural involvement, but immunohis-
tochemistry techniques are required because intrapleural 
Reed–Sternberg “look-alike” cells can occur in other clini-
cal conditions.117 Conversely, direct pleural in�ltration is 

the most common cause of e�usions in non-Hodgkin’s 
lymphoma. Wide variation exists in the reported sensitiv-
ity of pleural �uid cytology (22%–94%) in this setting.118 
�e combination of immunocytochemistry, morphometry, 
�ow cytometry, and cytogenetics/molecular genetics (poly-
merase chain reaction, in situ hybridization, and Southern 
blotting), however, results in a 100% sensitivity and speci-
�city of pleural �uid cytologic evaluation by experienced 
laboratories.118 When lymphoma is a clinical consideration 
in patients with lymphocyte-predominant exudative pleu-
ral e�usions, �ow cytometry is indicated to de�ne the clon-
ality of the lymphocytes.119 Flow cytometry can also make 
a diagnosis of MPE due to multiple myeloma,120 although 
pleural �uid cytology is usually positive in this setting.

Although the diagnosis of pleural mesothelioma has tra-
ditionally required tissue biopsy, availability of specialized 
cell markers for mesothelioma has increased the sensitivity 
of pleural �uid cytology to 70% with a speci�city of 100%.121 
Establishment of the diagnosis of mesothelioma by pleural 
�uid cytology alone, however, requires the expertise of a 
specialized laboratory.

Cytology may assist the diagnosis of several nonmalig-
nant conditions. Detection of oral squamous cells or ingested 
vegetable particles or meat fragments (striated muscle) in 
pleural �uid con�rms the esophageal rupture.122 Cytologic 
demonstration of large slender or elongated macrophages, 
round or oval giant multinucleated cells, and a background 
of amorphous granular material is pathognomonic of rheu-
matoid pleurisy.24,123,124 Detection of smooth muscle cells 
in pleural �uid con�rmed by immunohistochemistry sup-
ports the diagnosis of  lymphangiomyomatosus.125 Routine 
cytologic examination of pleural �uid may detect lupus 
erythematous (LE) cells that suggest but do not con�rm a 
diagnosis of lupus-induced pleurisy.126,127

 PLEURAL FLUID CONSTITUENT ASSAYS

PROTEIN

Especially high protein concentrations can suggest speci�c 
conditions. Tuberculous pleural e�usions almost invariably 
have protein concentrations >4.0 g/dL with average values 
reported in case series from 5.0 g/dL to 6.8 g/dL75,77 with 
ranges from 2.2 g/dL to 9.0 g/dL. Protein concentrations 
in MPE are on average lower than tuberculous e�usions.128 
A protein concentration >7.0 g/dL suggests Waldenstrom’s 
macroglobulinemia,129 a cholesterol e�usion,130 or multiple 
myeloma,131 although tuberculosis remains a possibility.

LACTATE DEHYDROGENASE

When the pleural �uid LDH is in the exudative range, 
but the total protein measurement suggests a transudate 
by Light’s rule, MPE,132 parapneumonic e�usions,132 and 
Pneumocystis jiroveci pneumonia133 are considerations. 
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An LDH concentration greater than three times the upper 
 limits of normal for serum LDH (or commonly stated 
as >1,000 U/L) indicates a high probability of a compli-
cated parapneumonic e�usion or empyema,134 rheuma-
toid  pleurisy,135 tuberculous pleurisy,39,76,136 or pleural 
infestation with Paragonimus westermani or Entamoeba 
histolytica.91

GLUCOSE

Because glucose di�uses freely across normal pleural 
membranes, all transudative e�usions and most exuda-
tive e�usions have pleural �uid glucose concentrations 
similar to blood. Some exudates, however, have glu-
cose concentrations above or below simultaneous blood 
concentrations, which have diagnostic and prognostic 
implications.

A low pleural �uid glucose (<60 mg/dL or a pleu-
ral �uid to serum glucose ratio <0.5) develops because of 
(1)  increased glucose utilization by intrapleural in�am-
matory cells, neoplastic cells, and/or bacterial patho-
gens; and/or (2) thickened pleural membranes that block 
di�usion of glucose from  blood. Extremely low glucose 
 concentrations approaching zero occur almost exclusively 
in empyemas or rheumatoid pleurisy.137 Only 15%–28% 
of tuberculous pleural e�usions have low glucose levels at 
 initial  diagnosis,39,76,138 which is less than during the pre-
chemotherapy era when patients commonly presented with 
advanced tuberculous empyemas. Most but not all patients 
with lupus pleuritis have normal pleural �uid glucose con-
centrations:139,140 a low glucose in a febrile patient with lupus 
and acute pleuritic pain requires consideration of a compli-
cated parapneumonic e�usion. Low glucose concentrations 
are also found in MPE and e�usions due to Entamoeba his-
tolytica or Paragonimus westermani infestations.

Regarding prognosticating features, guidelines recom-
mend draining parapneumonic e�usions with glucose 
concentrations <60 mg/dL.141 Pleural �uid pH, however, 
has better discriminative properties for selecting parapneu-
monic e�usions for drainage.142 Although a low glucose cor-
relates with shorter survival in patients with MPE,143,144 the 

Karnofsky Performance Scale has better prognosticating 
value.145 An association exists with low glucose and lower 
success rates from pleurodesis in patients with MPE,146 dis-
criminative properties are insu�cient for selecting patients 
for this procedure.142

An elevated glucose (pleural �uid to serum glucose 
ratio >1.0) only occurs in patients with erosion of glucose 
infusing catheters or feeding tube into the pleural space,147 
an acutely ruptured esophagus,148 and migration of peri-
toneal dialysis �uid into the pleural space.149 An elevated 
pleural �uid amylase and glucose with a low pH suggest 
esophageal rupture.148

PLEURAL FLUID PH

A low pH (<7.30) occurs in a limited number of  diagnoses 
(Table 13.6) and provides prognostic information in some 
clinical settings that may guide therapy.150 �e pH of physi-
ologic pleural �uid is >7.60 because carbon dioxide dif-
fuses freely across pleural membranes but a barrier exists 
for bicarbonate anions, which accumulate in pleural �uid. 
�e pH of most transudates and exudates ranges from 
7.30 to 7.45. In some exudates, pH may decrease because of 
high metabolic activity of intrapleural  cellular constituents 
and/or abnormal pleural membranes that block the e�ux of 
protons and organic acids from the pleural space. �e only 
transudate with a low pH is an  urinothorax wherein pleural 
�uid mirrors the urine pH.151

Guidelines recommend a pH <7.20 as a criterion for 
classifying parapneumonic e�usions as complicated and 
in need of drainage.29,141 A meta-analysis  demonstrated 
excellent discriminative properties of pH for this 
 purpose, but identi�ed extensive �aws in the primary 
 studies.152 Moreover, the meta-analysis recommended 
using a  cuto� point of <7.30 or <7.20 for patients at high 
or low risk respectively of poor outcomes if drainage were 
delayed.152 High risk patients were de�ned as those with 
large  e�usions, virulent pathogens, comorbid condi-
tions, old age, and/or advanced lung disease. Considering 
the uncertainty of existing studies, pH serves as an 
adjunctive test that should be used in combination with 

Table 13.6 Conditions with pleural pH <7.30

Condition pH range Comments

Pleural infection 5.00–7.29 pH <7.20 used to define a complicated parapneumonic effusion.
Esophageal rupture 5.00–6.80 Associated with high salivary amylase.
Rheumatoid pleurisy 6.80–7.15 Associated with glucose <30 mg/dL and LDH >1000 IU/L.
Malignant effusion 6.90–7.50 pH has indirect correlation with survival and response to pleurodesis 

but poor predictive properties.
Lupus pleuritis 6.85–7.40 Most effusions have normal pH.
Tuberculous effusion 6.95–7.40 Unusual finding with lowest pH values suggesting tuberculous 

empyema.
Hemothorax 7.17–7.50 Unusual finding occurring when PF close to blood hematocrit.
Pancreatic effusion 7.50–7.28 Rare and occurs with very high amylase.
Pulmonary infarction 7.52–7.29 Rare occurring with grossly bloody PF.

Abbreviations: LDH, lactate dehydrogenase; PF, pleural fluid.
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other  clinical features that suggest a parapneumonic 
 e�usion should be drained.153 Multilevel and continu-
ous likelihood ratios have been calculated for pH to allow 
 calculation of  posttest odds of a complicated parapneu-
monic e�usion.154

Pleural �uid pH has been examined for its clinical util-
ity in selecting patients with MPE for pleurodesis based on 
observations that patients with low pleural �uid pH (<7.30) 
have a lower success rate a�er pleurodesis.144 Low pH val-
ues have also been recommended for identifying patients 
with poor short-term survival for whom pleurodesis would 
not be indicated.155 Two meta-analyses, however, reported 
that pleural �uid pH had poor predictive characteristics for 
pleurodesis failure or duration of survival and should not 
be used as a single criterion for patient selection.142,156 An 
extremely low pleural �uid pH (<7.00) commonly occurs 
in patients with esophageal perforation or spontaneous 
rupture.157

 TRIGLYCERIDES AND CHOLESTEROL

A pleural �uid triglyceride level >110 mg/dL strongly sup-
ports the diagnosis of a chylothorax,20 although a level below 
110 mg/dL does not exclude the diagnosis.19,20 Low triglycer-
ide levels with continued suspicion of a chylothorax warrant 
testing pleural �uid by lipoprotein electrophoresis to detect 
chylomicrons, which con�rm the diagnosis. �e pleural �uid 
cholesterol levels are usually <200 mg/dL in chylothoraces.

If chylothorax is excluded, turbid �uid should be 
assayed for cholesterol to evaluate for a cholesterol e�usion. 
Cholesterol e�usions have a cholesterol level >200 mg/dL, 
triglyceride level <110/mg/dL, and a cholesterol to triglycer-
ide ratio >1.29,158 Examination of pleural �uid under polar-
izing light microscopy may detect cholesterol crystals.

AMYLASE

A pleural �uid amylase greater than the upper limits of nor-
mal for the laboratory’s serum amylase or a pleural �uid 
to serum amylase ratio >1.0 de�nes an elevated amylase 
e�usion. Because many conditions are associated with an 
elevated amylase, routine assay of pleural �uid for amylase 
is not considered cost-e�ective.159 Amylase assays, however, 
are indicated when e�usions appear secondary to pancreatic 
disease or esophageal rupture or perforation.159 E�usions 
secondary to chronic pancreatitis may have extremely high 
amylase levels >100,000 IU/L, which consists of the pancre-
atic isoenzyme. Esophageal rupture increases the pleural 
�uid salivary isoenzyme.160

Other conditions that increase pleural �uid amylase 
include pneumonia, ruptured ectopic pregnancy, hydro-
nephrosis, liver cirrhosis, tuberculosis, and pleural neo-
plasms.160,161 Multiple pleural malignancies increase pleural 
�uid amylase including adenocarcinomas, lymphoma, 
leukemias, and mesothelioma.142,156,160–162 Lung cancer and 
metastatic mucinous adenocarcinoma are the cancers most 

commonly associated with elevated amylase levels, which 
consists of the salivary isoenzyme.161

NATRIURETIC PEPTIDES

Natriuretic peptides comprise a family of peptide hormones 
secreted by cardiomyocytes in response to ventricular 
stretch. Members of this family include B-type natriuretic 
peptide (BNP), N-terminal pro-BNP (NT-proBNP), and 
mid-region pro-atrial natriuretic peptide (MR-proANP). 
Recent studies have investigated the diagnostic value of 
serum163 and pleural �uid50–53,164–171 concentrations of natri-
uretic peptides for establishing that an e�usion is second-
ary to CHF. Several of these studies also report the utility 
of serum50,163 and pleural �uid,50,52,53,166–169,171 natriuretic 
peptides for identifying CHF as the cause of an e�usion 
when the Light’s Criteria Rule misclassi�es the e�usion as 
an exudate. �ese small molecules most likely di�use from 
the bloodstream into the pleural space.172

Existing studies demonstrate that serum and pleu-
ral �uid natriuretic peptides levels di�erentiate CHF-
related e�usions from other causes of exudative and 
transudative e�usions with reported sensitivities and 
speci�cities that range from 74% to 100% and 73% to 100%, 
 respectively.50,52,53,163,165–169,171 Only a few studies have com-
pared the relative diagnostic utility of individual natriuretic 
peptides measured in pleural �uid. Two studies by the same 
group reported a higher diagnostic utility for  pleural �uid 
NT-proBNP as compared with pleural �uid BNP (area under 
the operating characteristic curve [AUC] 0.96 vs. 0.90).166,171  
A study that selected nonconsecutive patients from a data-
base with CHF-related e�usions versus parapneumonic 
e�usions, MPE, or e�usions postcardiac surgery noted bet-
ter discriminative properties with NT-proBNP as compared 
with BNP.170 Another study that did not directly compare 
BNP with NT-proBNP reported an AUC for pleural �uid 
BNP (0.987 [95% con�dence interval of 0.93–0.998]) that 
approximates the AUC values reported for NT-proBNP in 
other studies.50 One study reported comparable AUC val-
ues for NT-proBNP (0.935) and MR-proANP (0.918).171 
Although not entirely evidence based, developing consen-
sus recommends NT-proBNP as the preferred pleural �uid 
peptide assay for diagnosing CHF-related e�usions.173,174

�e absence of clearly de�ned pleural �uid and serum 
cuto� points for pleural �uid and serum natriuretic peptides 
complicates their clinical application. One group reported in 
one prospective53 and three retrospective52,166,171 studies opti-
mal cuto� points of >1500 pg/mL for serum and >1300 pg/
mL to 1500 pg/mL for pleural �uid NT-proBNP. �e same 
investigators reported in a subsequent retrospective study that 
included patients with pericardial disease a higher pleural 
�uid NT-proBNP cuto� point of >1700 pg/mL.171 Other stud-
ies report cuto� points of 599 pg/mL–4000 pg/mL for pleu-
ral �uid NT-proBNP.164,165,167–169 Reported cuto� points for 
BNP range from 132 pg/mL to520 pg/mL in serum50,163 and  
115 pg/mL to 520 pg/mL in pleural �uid.50,52 Only one study 
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reported a cuto� point for pleural �uid MR-proANP, which 
was >260 pmol/L.171

�e uncertain e�ects of age, body mass, renal function, 
and other clinical variables on cuto� points for serum and 
pleural �uid natriuretic peptides further complicate their 
clinical application. Porcel and coworkers’ early studies did 
not observe an e�ect of age, gender, or serum creatinine on 
cuto� points for pleural �uid NT-proBNP,52,166 but a more 
recent study by the same investigators reported that opti-
mal cuto� points for NT-proBNP rose from 1700 pg/mL for 
the entire study population to 2500 pg/mL for patients with 
decreased renal function and decreased to 1100 pg/mL for 
subjects <75 years old with normal renal function.171

Many studies have examined the diagnostic utility of 
serum and pleural �uid natriuretic peptides in subsets of 
patients with CHF-related e�usions whose e�usions were 
misclassi�ed by Light’s rule as exudates.50,52,53,163,165–169,171 
�ey report that pleural �uid NT-proBNP53,166–169,171 and 
serum BNP163 correctly identi�ed nearly all of these patients. 
�e discriminative property of natriuretic  peptides was 
equivalent to the serum to pleural �uid albumin  gradient 
(>1.2 g/dL indicates a transudate)53,171 but signi�cantly better 
than the serum to pleural �uid protein gradient (>3.1 g/dL 
indicates a transudate).52,53,167

Despite these encouraging observations, it does not 
appear that pleural �uid assays have incremental value over 
serum assays, which are usually available in this clinical 
setting.29,168 Studies that report simultaneous serum and 
pleural �uid NT-proBNP53,167–169 and BNP50 results observe 
a high degree of correlation and similar diagnostic prop-
erties. Additional limitations for pleural �uid natriuretic 
peptide assays include absence of knowledge on the preana-
lytical or analytical factors that may interfere with assays,50 
retrospective design of many studies, and absence of studies 
that included patients with mixed or unclear etiologies for 
their pleural e�usions.169,171

BETA-2 TRANSFERRIN

Beta-2 transferrin (B2T) is a protein that exists exclusively 
in cerebrospinal �uid (CSF) and inner ear perilymph. 
Detection of B2T in pleural �uid con�rms the presence of a 
CSF-related e�usion secondary to a duropleural  �stula175–177 
or migration of a ventriculoperitoneal shunt into the pleu-
ral space.178 �is test has a sensitivity and speci�city of 100% 
and 95%, respectively.179 Assay for B2T is indicated when 
aspirated pleural �uid has characteristic �ndings of a CSF-
related e�usion: no cells, protein <1 g/dL, low LDH, and 
glucose and pH values similar to serum.

CREATININE

An urinothorax occurs when urine escapes the renal col-
lecting system and dissects through the retroperitoneal 
space into the pleural space.180 �e pleural �uid to serum 
creatinine ratio is >1, and 50% of patients have a ratio >10. 

An elevated pleural �uid to serum creatinine ratio can 
occur in other conditions, but the pleural �uid to serum 
creatinine ratio in those conditions is usually close to 1 and 
never >1.7.181

BILIRUBIN

A biliothorax occurs as a complication of various condi-
tions, such as cholecysto-pleural �stulae,182 pancreatico-
pleural �stulae,183 radiofrequency ablation or catheter 
embolization of liver lesions,184,185 and complications of 
percutaneous biliary drainage.186 �oracentesis can con-
�rm the diagnosis by detecting a pleural �uid to serum 
bilirubin ratio >1.150

GLYCINE

Patients may develop right-sided e�usions a�er uro-
logical procedures that involve bladder irrigation with 
 glycine-containing solutions.187,188 Aspirated pleural �uid is 
a  transudate with a high concentration of glycine.

 BIOMARKERS FOR CONNECTIVE 
TISSUES DISEASES

Several biomarkers measured in pleural �uid have diagnos-
tic value for patients with connective tissue diseases (CTD) 
who present with pleural e�usions. Rheumatoid arthritis 
and systemic lupus erythematosus (SLE) represent the most 
commonly encountered CTD-related e�usions.

An antinuclear antibody (ANA) titer >1:160 in an exu-
dative e�usion suggests but does not con�rm lupus pleu-
ritis.189–192 Ninety-two percent to 100% of lupus-related 
e�usions have a pleural �uid ANA titer >1:160 so a lower 
titer has a high negative predictive value.189–192 �e speci-
�city of this �nding, however, is low, with an ANA being 
found in 10% of in�ammatory e�usions and MPE.189–192 
An extremely high ANA titer >1:640 does not increase the 
probability of lupus pleuritis relative to MPE.192 Recent 
studies189,191,192 have not supported earlier impressions 
that a pleural �uid to serum ANA ratio ≥1 supports the 
diagnosis of lupus pleuritis because 50% of nonlupus-
related e�usions have this �nding.189,191,192 �e pleural 
�uid nuclear ANA staining pattern provides no diagnostic 
information.190,192

Although most clinical laboratories no longer perform 
LE cell preparation tests, routine cytologic examination of 
pleural �uid may note so-called LE cells126,127,193 that form 
spontaneously in lupus pleuritis but also in a variety of 
other pleural conditions. As an isolated �nding, pleural 
�uid LE cells have limited diagnostic utility with low sen-
sitivity and  speci�city. But one study of 153 patients with 
pleural and/or pericardial e�usions found that the com-
bination of serosal �uid aspirates with LE cells noted at 
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cytologic examination and an ANA titer >1:160 occurred 
only in patients with lupus serositis.194

Measurement of rheumatoid factor (RF) in pleural �uid 
aids the diagnosis of rheumatoid pleurisy. A titer that is 
≥1:320 and equal to or greater than the serum titer supports 
rheumatoid pleurisy.195 Lower titers are nondiagnostic, 
being found in patients with parapneumonic e�usions and 
MPE.196 No recent studies exist to determine the diagnos-
tic performance for pleural �uid of currently used enzyme-
linked immunosorbent assays for RF, which report results 
in units of IU/mL.

 BIOMARKERS FOR BACTERIAL 
PLEURAL INFECTIONS

Several serum biomarkers have created interest for identi-
fying patients with bacterial infections. �ese biomarkers 
include C-reactive protein (CRP), soluble triggering recep-
tor expressed on myeloid cells (sTREM-1), procalcitonin 
(PCT), and lipopolysaccharide-binding protein (LBP).197,198 
Multiple studies have examined their value when mea-
sured in pleural �uid to di�erentiate bacterial pleural 
space infections from other causes of pleural  e�usions 
and to identify complicated parapneumonic  e�usions that 
need pleural drainage.199–206 To date, none of the stud-
ies has demonstrated su�cient diagnostic or prognostic 
value to recommend these biomarkers for clinical practice. 
Only �ve studies assayed simultaneous pleural and serum 
samples, which had a high degree of correlation with 
serum sample having greater diagnostic value.199–202,205  
When compared with traditional markers for pleural 
infection (pleural �uid pH, LDH, and glucose), traditional 
markers had greater diagnostic and prognostic value.206 
None of the studies examined the incremental value of 
pleural �uid in�ammatory biomarkers as compared with 
patients’ clinical and chest imaging presentations to deter-
mine the markers’ incremental value. A recent meta-anal-
ysis concluded that these in�ammatory biomarkers had no 
role for managing patients with suspected pleural space 
infections.207

�e commercially available urinary immunochromato-
graphic test (ICT) for detecting pneumococcal antigens 
may assist the etiologic diagnosis of streptococcal commu-
nity acquired pneumonia. Two small studies in adults inves-
tigated the application of ICT to pleural �uid for patients 
with parapneumonic e�usions and reported sensitivities of 
71%–79% and speci�cities of 93%.208,209 �e one study that 
compared pleural �uid with urinary ICT results reported 
higher diagnostic accuracy for the urinary test but some 
potential value for the pleural �uid test in that a few patients 
had positive pleural and negative urinary assay results.209 
Additional studies are needed to support the routine use 
of ICT for pleural �uid in patients with parapneumonic 
e�usions.

 BIOMARKERS FOR TUBERCULOUS 
PLEURISY

Pleural tuberculosis is notoriously di�cult to diagnosis 
because of the paucibacillary nature of biological samples, 
which o�en necessitates pleural biopsy to con�rm the 
diagnosis.77 E�usions develop when subpleural caseous 
foci rupture into the pleural space and release mycobacte-
rial antigens that trigger an intense immune response with 
recruitment of neutrophil, macrophages, monocytes, and 
T-lymphocytes. Stimulated T-lymphocytes and monocytes 
release enzymes and various proin�ammatory cytokines, 
which may serve as diagnostic biomarkers for tuberculous 
pleurisy.

ADA, a necessary enzyme for purine metabolism, is the 
most widely studied biomarker. It is found in increased con-
centrations in tuberculous e�usions, empyemas, parapneu-
monic e�usions, and some MPE.210 Some of these conditions, 
such as parapneumonic e�usions and some nontubercu-
lous empyemas, cause neutrophil-predominant e�usions 
in contrast to the lymphocyte-predominant e�usions of 
established tuberculous pleurisy. Assay of pleural �uid for 
ADA, therefore, has its greatest diagnostic value when used 
in patients with lymphocyte-predominant, exudative e�u-
sions. Among patients with tuberculosis, however, ADA has 
a similar diagnostic performance in both early, neutrophil-
predominant and established  lymphocyte-predominant 
tuberculous e�usions.210

In regions with a high prevalence of tuberculosis, a 
pleural �uid ADA test result above a cut point proposed by 
various studies to be between 30 and 40 IU/L in a lympho-
cyte-predominant exudate con�rms a tuberculous etiology 
with a sensitivity and speci�city of 92% and 90%, respec-
tively.211–215 Pleural �uid ADA allows a diagnosis of tubercu-
losis for 90% of patients a�er a single thoracentesis.216 A low 
ADA adequately excludes the diagnosis in high prevalence 
regions.210 Elevated ADA levels have insu�cient sensitiv-
ity and speci�city for making a diagnosis of tuberculous 
pleurisy in regions with a low or intermediate prevalence of 
 tuberculosis.29,210 A low pleural �uid ADA result, however, 
can exclude the diagnosis in low or intermediate prevalence 
regions with a negative predictive value of nearly 100%.210 
Elevated ADA levels in tuberculous pleurisy represent the 
ADA2 isoform; however, ADA2-speci�c assays of pleural 
�uid do not  provide diagnostic value beyond ADA test-
ing.217 Patients with chronic empyemas or lymphomatous 
e�usions may have lymphocyte-predominant e�usions and 
markedly elevated ADA levels >250 IU/L, which requires 
their consideration when interpreting ADA results.210 High 
pleural �uid ammonia levels, which occur in infected e�u-
sions, may interfere with ADA assays, causing false negative 
results.218

Although several other pleural �uid biomarkers, such 
as unstimulated interferon-gamma, have comparable 
diagnostic utility to ADA,219–223 none is as inexpensive, 
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readily available, or prompt in returning results as ADA, 
which makes them less suitable for routine practice.29,224 
Commercially available T-cell interferon-gamma release 
serum assays, such as T-SPOT-TB and Quanti-FERON-TB, 
have poor diagnostic value for tuberculous pleurisy when 
performed on blood or pleural �uid.225,226 Analysis of pleu-
ral �uid for evidence of tuberculosis by nucleic acid ampli�-
cation tests has poor diagnostic accuracy.221,227,228

FUTURE DIRECTIONS

Pleural �uid analysis provides a safe and accessible means 
for diagnosing conditions that a�ect the pleural space. Most 
tests of pleural �uid, however, have not been prospectively 
evaluated in large patient populations with su�cient sci-
enti�c rigor to establish their accuracy and reliability and, 
more speci�cally, their analytical validity, clinical valid-
ity, or clinical utility.229 Likelihood ratios have been pub-
lished for only a few pleural �uid tests to allow their use 
in combination with clinical �ndings and other laboratory 
test results in a Bayesian manner.30,34,37,55,56 More rigorous 
studies are needed of pleural �uid tests that adhere to pub-
lished standards for evaluating diagnostic test performance 
to ensure that pleural �uid analytics provide information 
not already available from routine assessments and thereby 
contribute to clinical decision making.

REFERENCES

 1. Conner BD, Lee YC, Branca P et al. Variations in 
pleural fluid WBC count and differential counts with 
different sample containers and different methods. 
Chest. 2003;123:1181–1187.

 2. Jalal R, Aftab K, Hasan SH, Pervez S. Diagnostic 
value of clot examination for malignant cells in 
serous effusions. Cytopathology. 2009;20:231–234.

 3. Antonangelo L, Vargas FS, Acencio MM et al. Effect 
of temperature and storage time on cellular analysis 
of fresh pleural fluid samples. Cytopathology. 
2012;23:103–107.

 4. Swiderek J, Morcos S, Donthireddy V et al. 
Prospective study to determine the volume of 
pleural fluid required to diagnose malignancy. Chest. 
2010;137:68–73.

 5. Jonasson JG, Ducatman BS, Wang HH. The cell 
block for body cavity fluids: Do the results justify the 
cost? Mod Pathol. 1990;3:667–670.

 6. Shivakumarswamy U, Arakeri SU, Karigowdar MH, 
Yelikar B. Diagnostic utility of the cell block method 
versus the conventional smear study in pleural fluid 
cytology. J Cytol. 2012;29:11–15.

 7. Ghosh I, Dey SK, Das A et al. Cell block cytology in 
pleural effusion. J Indian Med Assoc.2012;110: 
390–392, 396.

 8. Ferrer A, Osset J, Alegre J et al. Prospective 
clinical and microbiological study of pleural 
effusions. Eur J Clin Microbiol Infect Dis. 1999; 
18:237–241.

 9. Menzies SM, Rahman NM, Wrightson JM et al. 
Blood culture bottle culture of pleural fluid in pleural 
infection. Thorax. 2011;66:658–662.

 10. von Groote-Bidlingmaier F, Koegelenberg CF, 
Bolliger CT et al. The yield of different pleural fluid 
volumes for Mycobacterium tuberculosis culture 
[letter]. Thorax. 2013;68(3):290–291.

 11. Sallach SM, Sallach JA, Vasquez E et al. Volume 
of pleural fluid required for diagnosis of pleural 
malignancy. Chest. 2002;122:1913–1917.

 12. Abouzgheib W, Bartter T, Dagher H et al. 
A prospective study of the volume of pleural fluid 
required for accurate diagnosis of malignant pleural 
effusion. Chest. 2009;135:999–1001.

 13. Rahman NM, Mishra EK, Davies HE et al. 
Clinically important factors influencing the 
diagnostic measurement of pleural fluid pH and 
glucose. Am J Respir Crit Care Med. 2008; 
178:483–490.

 14. Venkatesh B, Boots RJ, Wallis SC. Accuracy of 
pleural fluid pH and PCO2 measurement in a 
blood gas analyser: Analysis of bias and precision. 
Scand J Clin Lab Invest. 1999;59:619–626.

 15. Cheng DS, Rodriguez RM, Rogers J et al. 
Comparison of pleural fluid pH values obtained 
using blood gas machine, pH meter, and pH 
indicator strip. Chest. 1998;114:1368–1372.

 16. Putnam B, Elahi A, Bowling MR. Do we measure 
pleural fluid pH correctly? Curr Opin Pulm Med. 
2013;19:357–361.

 17. Ozcakar B, Martinez CH, Morice RC et al. Does 
pleural fluid appearance really matter? The 
relationship between fluid appearance and cytology, 
cell counts, and chemical laboratory measurements 
in pleural effusions of patients with cancer. 
J Cardiothorac Surg. 2010;5:63.

 18. Villena V, Lopez-Encuentra A, Garcia-Lujan R et al. 
Clinical implications of appearance of pleural fluid at 
thoracentesis. Chest. 2004;125:156–159.

 19. Staats BA, Ellefson RD, Budahn LL et al. The 
lipoprotein profile of chylous and nonchylous pleural 
effusions. Mayo Clin Proc. 1980;55:700–704.

 20. Maldonado F, Hawkins FJ, Daniels CE et al. Pleural 
fluid characteristics of chylothorax. Mayo Clin Proc. 
2009;84:129–133.

 21. Roberts PP. Parasitic infections of the pleural space. 
Semin Respir Infect. 1988;3:362–382.

 22. Metzger JB, Garagusi VF, Kerwin DM. Pulmonary 
oxalosis caused by Aspergillus niger. Am Rev Respir 
Dis. 1984;129:501–502.

 23. Saraya T, Light RW, Takizawa H, Goto H. Black 
pleural effusion. Am J Med. 2013;126(7):641. 
e1–641.e6.



References 167

 24. Lillington GA, Carr DT, Mayne JG. Rheumatoid 
pleurisy with effusion. Arch Intern Med. 
1971;128:764–768.

 25. Nosanchuk JS, Naylor B. A unique cytologic picture 
in pleural fluid from patients with rheumatoid 
arthritis. Am J Clin Pathol. 1968;50:330–335.

 26. Stark DD, Shanes JG, Baron RL, Koch DD. 
Biochemical features of urinothorax. Arch Intern 
Med. 1982;142:1509–1511.

 27. Light RW. The light criteria: The beginning and 
why they are useful 40 years later. Clin Chest Med. 
2013;34:21–26.

 28. Heffner JE. Discriminating between transudates and 
exudates. Clin Chest Med. 2006;27:241–252.

 29. Hooper C, Lee YC, Maskell N. Investigation of a 
unilateral pleural effusion in adults: British Thoracic 
Society Pleural Disease Guideline 2010. Thorax. 
2010;65(suppl 2):ii4–ii17.

 30. Heffner JE, Brown LK, Barbieri CA. Diagnostic 
value of tests that discriminate between exudative 
and transudative pleural effusions. Primary Study 
Investigators. Chest. 1997;111:970–980.

 31. Heffner JE. Evaluating diagnostic tests in the pleural 
space. Differentiating transudates from exudates as 
a model. Clin Chest Med. 1998;19:277–293.

 32. Heffner JE, Feinstein D, Barbieri C. Methodologic 
standards for diagnostic test research in pulmonary 
medicine. Chest. 1998;114:877–885.

 33. Bielsa S, Porcel JM, Castellote J et al. Solving the 
Light’s criteria misclassification rate of cardiac and 
hepatic transudates. Respirology. 2012;17:721–726.

 34. Porcel JM, Pena JM, Vicente de Vera C et al. 
Bayesian analysis using continuous likelihood 
ratios for identifying pleural exudates. Respir Med. 
2006;100:1960–1965.

 35. Porcel JM. Identifying transudates misclassified 
by Light’s criteria. Curr Opin Pulm Med. 
2013;19:362–367.

 36. Babyak MA. What you see may not be what you 
get: A brief, nontechnical introduction to overfitting 
in regression-type models. Psychosom Med. 
2004;66:411–421.

 37. Heffner JE, Heffner JN, Brown LK. Multilevel and 
continuous pleural fluid pH likelihood ratios for 
evaluating malignant pleural effusions. Chest. 
2003;123:1887–1894.

 38. Joseph J, Badrinath P, Basran GS, Sahn SA. Do we 
need all three criteria for the diagnostic separation 
of pleural fluid into transudates and exudates? An 
appraisal of the traditional criteria. Med Sci Monit. 
2003;9:CR474–CR476.

 39. Porcel JM. Pearls and myths in pleural fluid analysis. 
Respirology. 2010;16:44–52.

 40. Gazquez I, Porcel JM, Vives M et al. Comparative 
analysis of Light’s criteria and other biochemical 
parameters for distinguishing transudates from 
exudates. Respir Med. 1998;92:762–765.

 41. Hamal AB, Yogi KN, Bam N et al. Pleural fluid 
cholesterol in differentiating exudative and 
transudative pleural effusion. Pulm Med. 
2013;2013:135–36.

 42. Leers MP, Kleinveld HA, Scharnhorst V. 
Differentiating transudative from exudative 
pleural effusion: Should we measure effusion 
cholesterol dehydrogenase? Clin Chem Lab Med. 
2007;45:1332–1338.

 43. Gonlugur U, Gonlugur TE. The distinction 
between transudates and exudates. J Biomed Sci. 
2005;12:985–990.

 44. Hamm H, Brohan U, Bohmer R, Missmahl HP. 
Cholesterol in pleural effusions: A diagnostic aid. 
Chest. 1987;92:296–302.

 45. Costa M, Quiroga T, Cruz E. Measurement of 
pleural fluid cholesterol and lactate dehydrogenase: 
A simple and accurate set of indicators for 
separating exudates from transudates. Chest. 
1995;108:1260–1263.

 46. Joseph J, Badrinath P, Basran GS, Sahn SA. Is the 
pleural fluid transudate or exudate? A revisit of the 
diagnostic criteria. Thorax. 2001;56:867–870.

 47. Porcel JM, Esquerda A, Martinez M et al. Influence 
of pleural fluid red blood cell count on the 
misidentification of transudates. Med Clin (Barc). 
2008;131:770–772.

 48. Romero-Candeira S, Fernandez C, Martin C 
et al. Influence of diuretics on the concentration 
of proteins and other components of pleural 
transudates in patients with heart failure. Am J Med. 
2001;110:681–686.

 49. Chakko SC, Caldwell SH, Sforza PP. Treatment of 
congestive heart failure: Its effect on pleural fluid 
chemistry. Chest. 1989;95:798–802.

 50. Marinho FC, Vargas FS, Fabri JJ et al. Clinical 
usefulness of B-type natriuretic peptide in the 
diagnosis of pleural effusions due to heart failure. 
Respirology. 2011;16:495–499.

 51. Seyhan EC, Altin S, Cetinkaya E et al. The 
importance of pleural fluid and serum NT-proBNP 
levels in differentiating pleural effusion due to heart 
failure from other causes of effusion. Intern Med. 
2009;48:287–293.

 52. Porcel JM, Martinez-Alonso M, Cao G et al. 
Biomarkers of heart failure in pleural fluid. Chest. 
2009;136:671–677.

 53. Porcel JM, Chorda J, Cao G et al. Comparing serum 
and pleural fluid pro-brain natriuretic peptide 
(NT-proBNP) levels with pleural-to-serum albumin 
gradient for the identification of cardiac effusions 
misclassified by Light’s criteria. Respirology. 
2007;12:654–659.

 54. Sackett DL, Straus SE, Richardson WS et al. 
Evidence-Based Medicine. How to Practice and 
Teach EBM. Edinburgh & New York, NY: Churchill 
Livingstone; 2000.



168 Pleural fluid analysis

 55. Heffner JE, Highland K, Brown LK. A meta-analysis 
derivation of continuous likelihood ratios for 
diagnosing pleural fluid exudates. Am J Respir Crit 
Care Med. 2003;167:1591–1599.

 56. Heffner JE, Sahn SA, Brown LK. Multilevel likelihood 
ratios for identifying exudative pleural effusions. 
Chest. 2002;121:1916–1920.

 57. Light RW, Erozan YS, Ball WCJ. Cells in pleural fluid: 
Their value in differential diagnosis. Arch Intern Med. 
1973;132:854–860.

 58. Sahn SA. Drug-induced pleural disease. In: 
Camus P, Rosenow E, eds. Drug-Induced and 
Iatrogenic Lung Disease. London: Hodder Arnold; 
2009:284–296.

 59. Light RW. Pleural Diseases. Baltimore, MD: Williams 
& Wilkins;1995:36.

 60. Berger HW, Mejia E. Tuberculous pleurisy. Chest. 
1973;63:88–92.

 61. Pettersson T, Riska H. Diagnostic value of total and 
differential leukocyte counts in pleural effusions. 
Acta Med Scand. 1981;210:129–135.

 62. Chung CL, Yeh CY, Sheu JR et al. Repeated 
thoracenteses affect proinflammatory cytokines, 
vascular endothelial growth factor, and fibrinolytic 
activity in pleural transudates. Am J Med Sci. 
2007;334:452–457.

 63. Klimatsidas M, Anastasiadis K, Foroulis C et al. 
Elevated levels of anti-inflammatory IL-10 and pro 
inflammatory IL-17 in malignant pleural effusions. 
J Cardiothorac Surg. 2012;7:104.

 64. Rovina N, Dima E, Psallidas I et al. Interleukin-18 
is up-regulated in infectious pleural effusions. 
Cytokine. 2013;63:166–171.

 65. Kollintza A, Magkouta S, Psallidas I et al. 
Interleukin-17A is involved in bacteria-related acute 
pleural inflammation. Respirology. 2013;18:488–494.

 66. Ibrahim L, Salah M, Abd El Rahman A et al. 
Crucial role of CD4+CD 25+ FOXP3+ T regulatory 
cell, interferon-gamma and interleukin-16 in 
malignant and tuberculous pleural effusions. 
Immunol Invest. 2013;42:122–136.

 67. Antony VB, Repine JE, Sahn SA. Experimental 
models of inflammation in the pleural space. In: 
Chretein J, Bignon J, Hirsch A, eds. The Pleural 
in Health and Disease. New York, NY: Marcel and 
Dekker; 1985:387–400.

 68. Antony VB, Godbey SW, Kunkel SL et al. 
Recruitment of inflammatory cells to the pleural 
space: Chemotactic cytokines, IL-8, and monocyte 
chemotactic peptide-1 in human pleural fluids. 
J Immunol. 1993;151:7216–7223.

 69. Broaddus VC, Hebert CA, Vitangcol RV et al. 
Interleukin-8 is a major neutrophil chemotactic 
factor in pleural liquid of patients with epyema. 
Am Rev Respir Dis. 1992;146:825–830.

 70. Antony VB, Sahn SA, Antony AC, Repine JE. 
Bacillus Calmette-Guerin-stimulated neutrophils 
release chemotaxins for monocytes in rabbit 
pleural spaces and in vitro. J Clin Invest. 
1985;76:1514–1521.

 71. Dalbeth N, Lee YC. Lymphocytes in pleural disease. 
Curr Opin Pulm Med. 2005;11:334–339.

 72. Erkan L, Fyndyk S, Uzun O et al. A new radiologic 
appearance of pulmonary thromboembolism: 
Multiloculated pleural effusions. Chest. 
2004;126:298–302.

 73. Sahn SA. Diagnostic values of pleural fluid analysis. 
Semin Respir Crit Care Med. 1995;16:269–278.

 74. Yam LT. Diagnostic significance of lymphocytes 
in pleural effusions. Ann Intern Med. 1967;66: 
972–982.

 75. Ruan SY, Chuang YC, Wang JY et al. Revisiting 
tuberculous pleurisy: Pleural fluid characteristics 
and diagnostic yield of mycobacterial culture in an 
endemic area. Thorax. 2012;67:822–827.

 76. Valdes L, Alvarez D, San Jose E et al. Tuberculous 
pleurisy: A study of 254 patients. Arch Intern Med. 
1998;158:2017–2021.

 77. Bielsa S, Palma R, Pardina M et al. Comparison 
of polymorphonuclear- and lymphocyte-rich 
tuberculous pleural effusions. Int J Tuberc Lung Dis. 
2013;17:85–89.

 78. Potrykus AM, Steinmann G, Stein E, Mertelsmann R. 
T- and B-cell responses in patients with malignant 
pleural effusions. Br J Cancer. 1981;43: 
471–477.

 79. Pettersson T, Klockars M, Hellstrom PE et al. T 
and B lymphocytes in pleural effusions. Chest. 
1978;73:49–51.

 80. Domagala W, Emeson EE, Koss LG. T and B 
lymphocyte enumeration in the diagnosis of 
lymphocyte-rich pleural fluids. Acta Cytol. 
1981;25:108–110.

 81. Kalomenidis I, Mohamed KH, Lane KB et al. Pleural 
fluid levels of vascular cell adhesion molecule-1 are 
elevated in eosinophilic pleural effusions. Chest. 
2003;124:159–166.

 82. Kalomenidis I, Light RW. Pathogenesis of the 
eosinophilic pleural effusions. Curr Opin Pulm Med. 
2004;10:289–293.

 83. Heidecker J, Kaplan A, Sahn SA. Pleural fluid 
and peripheral eosinophilia from hemothorax: 
Hypothesis of the pathogenesis of EPE in 
hemothorax and pneumothorax. Am J Med Sci. 
2006;332:148–152.

 84. Kalomenidis I, Light RW. Eosinophilic pleural 
effusions. Curr Opin Pulm Med. 2003;9:254–260.

 85. Matthai SM, Kini U. Diagnostic value of eosinophils 
in pleural effusion: A prospective study of 26 cases. 
Diagn Cytopathol. 2003;28:96–99.



References 169

 86. Rubins JB, Rubins HB. Etiology and prognostic 
significance of eosinophilic pleural effusions. 
A prospective study. Chest. 1996;110:1271–1274.

 87. Martinez-Garcia MA, Cases-Viedma E,  
Cordero-Rodriguez PJ et al. Diagnostic utility 
of eosinophils in the pleural fluid. Eur Respir J. 
2000;15:166–169.

 88. Oba Y, Abu-Salah T. The prevalence and diagnostic 
significance of eosinophilic pleural effusions: 
A meta-analysis and systematic review. Respiration. 
2011;83:198–208.

 89. Mattson SB. Monosymptomatic exudative pleurisy 
in persons exposed to asbestos dust. Scand J Respir 
Dis. 1975;56:263–272.

 90. Hillerdal G, Ozesmi M. Benign asbestos pleural 
effusion: 73 exudates in 60 patients. Eur J Respir Dis. 
1987;71:113–121.

 91. Lal C, Huggins JT, Sahn SA. Parasitic diseases of the 
pleura. Am J Med Sci. 2013;345(5):385–389.

 92. Maeshima E, Nishimoto T, Yamashita M et al. 
Progressive systemic sclerosis-polymyositis overlap 
syndrome with eosinophilic pleural effusion. 
Rheumatol Int. 2003;23:252–254.

 93. Reechaipichitkul W, Chuesakoolvanich K. 
Eosinophilic pleural effusion in adults at Srinagarind 
Hospital. Southeast Asian J Trop Med Public Health. 
2003;34:374–378.

 94. Jeon K, Choi WI, An JS et al. Paradoxical response 
in HIV-negative patients with pleural tuberculosis: 
A retrospective multicentre study. Int J Tuberc Lung 
Dis. 2012;16:846–851.

 95. Martinez Garcia MA, Cases Viedma E, Perpina 
Tordera M, Sanchis-Aldas JL. Repeated 
thoracentesis: An important risk factor for 
eosinophilic pleural effusion? Respiration. 
2003;70:82–86.

 96. Haro-Estarriol M, Alvarez-Castillo LA, Baldo-Padro 
X et al. Influence of thoracentesis and pleural biopsy 
on biochemical parameters and cytology of pleural 
fluid. Arch Bronconeumol. 2007;43:277–282.

 97. Ferreiro L, San Jose E, Gonzalez-Barcala FJ et al. 
Eosinophilic pleural effusion: Incidence, etiology and  
prognostic significance. Arch Bronconeumol. 
2011;47:504–509.

 98. Antonangelo L, Vargas FS, Seiscento M et al. 
Clinical and laboratory parameters in the 
differential diagnosis of pleural effusion secondary 
to tuberculosis or cancer. Clinics. 2007;62:585–590.

 99. Hurwitz S, Leiman G, Shapiro C. Mesothelial 
cells in pleural fluid: TB or not TB? S Afr Med J. 
1980;57:937–939.

 100. Jones D, Lieb T, Narita M et al. Mesothelial cells 
in tuberculous pleural effusions of HIV-infected 
patients. Chest. 2000;117:289–291.

 101. Engel U, Aru A, Francis D. Rheumatoid pleurisy. 
Specificity of cytological findings. Acta Pathol 
Microbiol Immunol Scand A. 1986;94:53–56.

 102. Inoue Y, Chua K, McClure RF et al. Multiple myeloma 
presenting initially as a solitary pleural effusion later 
complicated by malignant plasmacytic ascites. Leuk 
Res. 2005;29:715–718.

 103. Okimoto N, Kurihara T, Honda Y, Ohba H. Cause 
of basophilic pleural effusion [letter]. South Med J. 
2003;96(7):726–727.

 104. Spriggs AI, Boddington MM. The Cytology of 
Effusions. New York, NY: Grune & Stratton;1968:5.

 105. Ali HA, Lippmann M, Mundathaje U, Khaleeq G. 
Spontaneous hemothorax: A comprehensive review. 
Chest. 2008;134:1056–1065.

 106. Garcia LW, Ducatman BS, Wang HH. The value of 
multiple fluid specimens in the cytological diagnosis 
of malignancy. Mod Pathol. 1994;7:665–668.

 107. Johnston WW. The malignant pleural effusion: 
A review of cytopathologic diagnoses of 584 
specimens from 472 consecutive patients. Cancer. 
1985;56:905–909.

 108. Nance KV, Shermer RW, Askin FB. Diagnostic 
efficacy of pleural biopsy as compared with 
that of pleural fluid examination. Mod Pathol. 
1991;4:320–324.

 109. Ong KC, Indumathi V, Poh WT, Ong YY. The 
diagnostic yield of pleural fluid cytology in malignant 
pleural effusions. Singapore Med J. 2000;41: 
19–23.

 110. Woenckhaus M, Grepmeier U, Werner B et al. 
Microsatellite analysis of pleural supernatants could 
increase sensitivity of pleural fluid cytology. J Mol 
Diagn. 2005;7:517–524.

 111. Benlloch S, Galbis-Caravajal JM, Martin C et al. 
Potential diagnostic value of methylation profile 
in pleural fluid and serum from cancer patients 
with pleural effusion. Cancer. 2006;107: 
1859–1865.

 112. Sriram KB, Relan V, Clarke BE et al. Diagnostic 
molecular biomarkers for malignant pleural 
effusions. Future Oncol. 2011;7:737–752.

 113. See KC, Lee P. Advances in the diagnosis of 
pleural disease in lung cancer. Ther Adv Respir Dis. 
2011;5:409–418.

 114. Yu CJ, Wang CL, Wang CI et al. Comprehensive 
proteome analysis of malignant pleural effusion 
for lung cancer biomarker discovery by using 
multidimensional protein identification technology. 
J Proteome Res. 2011;10:4671–4682.

 115. Hooper CE, Morley AJ, Virgo P et al. A prospective 
trial evaluating the role of mesothelin in 
undiagnosed pleural effusions. Eur Respir J. 
2013;41:18–24.



170 Pleural fluid analysis

 116. Hsieh TC, Huang WW, Lai CL et al. Diagnostic 
value of tumor markers in lung adenocarcinoma-
associated cytologically negative pleural effusions. 
Cancer Cytopathol. 2013;121(9):483–488.

 117. Olson PR, Silverman JF, Powers CN. Pleural fluid 
cytology of Hodgkin’s disease: Cytomorphologic 
features and the value of immunohistochemical 
studies. Diagn Cytopathol. 2000; 
22:21–24.

 118. Das DK. Serous effusions in malignant lymphomas: 
A review. Diagn Cytopathol. 2006;34:335–347.

 119. Moriarty AT, Wiersema L, Snyder W et al. 
Immunophenotyping of cytologic specimens by 
flow cytometry. Diagn Cytopathol. 1993;9: 
252–258.

 120. Kamble R, Wilson CS, Fassas A et al. Malignant 
pleural effusion of multiple myeloma: Prognostic 
factors and outcome. Leuk Lymphoma. 
2005;46:1137–1142.

 121. Segal A, Sterrett GF, Frost FA et al. A diagnosis 
of malignant pleural mesothelioma can be made 
by effusion cytology: Results of a 20 year audit. 
Pathology. 2013;45:44–48.

 122. Drury M, Anderson W, Heffner JE. Diagnostic 
value of pleural fluid cytology in occult Boerhaave’s 
syndrome. Chest. 1992;102:976–978.

 123. Chou CW, Chang SC. Pleuritis as a presenting 
manifestation of rheumatoid arthritis: Diagnostic 
clues in pleural fluid cytology. Am J Med Sci. 
2002;323:158–161.

 124. Champion GD, Robertson MR, Robinson RG. 
Rheumatoid pleurisy and pericarditis. Ann Rheum 
Dis. 1968;27:521–530.

 125. Tynski Z, Eisenberg R. Cytologic findings of 
lymphangioleiomyomatosis in pleural effusion: 
A case report. Acta Cytol. 2007;51:578–580.

 126. Gulhane S, Gangane N. Detection of lupus 
erythematosus cells in pleural effusion: An unusual 
presentation of systemic lupus erythematosus. 
J Cytol. 2012;29:77–79.

 127. Sethi S, Pooley RJ, Yu GH. Lupus erythematosus 
(LE) cells in pleural fluid: Initial diagnosis of systemic 
lupus erythematosus by cytologic examination. 
Cytopathology. 1996;7:292–294.

 128. Liam CK, Lim KH, Wong CM. Differences 
in pleural fluid characteristics, white cell 
count and biochemistry of tuberculous and 
malignant pleural effusions. Med J Malaysia. 
2000;55:21–28.

 129. Winterbauer RH, Riggins RC, Griesman FA, 
Bauermeister DE. Pleuropulmonary manifestations 
of Waldenstrom’s macroglobulinemia. Chest. 
1974;66:368–375.

 130. Wrightson JM, Stanton AE, Maskell NA et al. 
Pseudochylothorax without pleural thickening: 
Time to reconsider pathogenesis? Chest. 
2009;136:1144–1147.

 131. Rodriguez JN, Pereira A, Martinez JC et al. 
Pleural effusion in multiple myeloma. Chest. 
1994;105:622–624.

 132. Light RW, MacGregor I, Luchsinger PC, Ball 
WC. Pleural effusion: The diagnostic separation 
of transudates and exudates. Ann Intern Med. 
1972;77:507–513.

 133. Horwitz ML, Schiff M, Samuels J et al. 
Pneumocystis carinii pleural effusion: Pathogenesis 
and pleural fluid analysis. Am Rev Respir Dis. 
1993;148:232–234.

 134. Light RW, Girard EM, Jenkinson SG, George 
RB. Parapneumonic effusions. Am J Med. 
1980;69:507–512.

 135. Pettersson T, Klockars M, Hellstrom PE. Chemical 
and immunological features of pleural effusions: 
Comparison between rheumatoid arthritis and other 
diseases. Thorax. 1982;37:354–361.

 136. Porcel JM, Light RW. Diagnostic approach to 
pleural effusion in adults. Am Fam Physician. 
2006;73:1211–1220.

 137. Sahn SA. Pathogenesis and clinical features of 
diseases associated with a low pleural fluid glucose. 
In: Chretein J, Bignon J, Hirsch A, eds. The Pleura in 
Health and Disease. New York, NY: Marcel Dekker; 
1985:267–285.

 138. Epstein DM, Kline LR, Albelda SM, Miller WT. 
Tuberculous pleural effusions. Chest. 1987;91: 
106–109.

 139. Wang DY. Diagnosis and management of lupus 
pleuritis. Curr Opin Pulm Med. 2002;8: 
312–316.

 140. Carr DT, Lillington GA, Mayne JG. Pleural-fluid 
glucose in systemic lupus erythematosus. Mayo Clin 
Proc. 1970;45:409–412.

 141. Colice GL, Curtis A, Deslauriers J et al. Medical 
and surgical treatment of parapneumonic 
effusions: An evidence-based guideline. Chest. 
2000;118:1158–1171.

 142. Heffner JE, Nietert PJ, Barbieri C. Pleural fluid pH as 
a predictor of pleurodesis failure: Analysis of primary 
data. Chest. 2000;117:87–95.

 143. Sanchez-Armengol A, Rodriguez-Panadero F. 
Survival and talc pleurodesis in metastatic pleural 
carcinoma, revisited: Report of 125 cases. Chest. 
1993;104:1482–1485.

 144. Martinez-Moragon E, Aparicio J, Sanchis J et al. 
Malignant pleural effusion: Prognostic factors for 
survival and response to chemical pleurodesis in a 
series of 120 cases. Respiration. 1998;65:1 
08–113.

 145. Burrows CM, Mathews WC, Colt HG. Predicting 
survival in patients with recurrent symptomatic 
malignant pleural effusions: An assessment of the 
prognostic values of physiologic, morphologic, and 
quality of life measures of extent of disease. Chest. 
2000;117:73–78.



References 171

 146. Rodriguez-Panadero F, Lopez Mejias J. Low glucose 
and pH levels in malignant pleural effusions: 
Diagnostic significance and prognostic value 
in respect to pleurodesis. Am Rev Respir Dis. 
1989;139:663–667.

 147. Duntley P, Siever J, Korwes ML et al. Vascular erosion 
by central venous catheters. Clinical features and 
outcome. Chest. 1992;101:1633–1638.

 148. Almoosa KF, Wardell N, Javaheri S. Elevated glucose 
in pleural effusion: An early clue to esophageal 
perforation. Chest. 2007;131:1567–1569.

 149. Momenin N, Colletti PM, Kaptein EM. Low 
pleural fluid-to-serum glucose gradient indicates 
pleuroperitoneal communication in peritoneal 
dialysis patients: Presentation of two cases and a 
review of the literature. Nephrol Dial Transplant. 
2012;27:1212–1219.

 150. Sahn SA. Getting the most from pleural fluid 
analysis. Respirology. 2012;17:270–277.

 151. Miller KS, Wooten S, Sahn SA. Urinothorax: A cause 
of low pH transudative pleural effusions. Am J Med. 
1988;85:448–449.

 152. Heffner JE, Brown LK, Barbieri C, DeLeo JM. Pleural 
fluid chemical analysis in parapneumonic effusions: 
A meta-analysis. Am J Respir Crit Care Med. 
1995;151:1700–1708.

 153. Heffner JE. Indications for draining a parapneumonic 
effusion: An evidence-based approach. Semin Respir 
Infect. 1999;14:48–58.

 154. Heffner JE, Heffner JN, Brown LK. Multilevel and 
continuous pleural fluid pH likelihood ratios for 
draining parapneumonic effusions. Respiration. 
2005;72:351–356.

 155. Rodriguez-Panadero F, Antony VB. Pleurodesis: State 
of the art. Eur Respir J. 1997;10:1648–1654.

 156. Heffner JE, Nietert PJ, Barbieri C. Pleural fluid pH 
as a predictor of survival for patients with malignant 
pleural effusions. Chest. 2000;117:79–86.

 157. Wise MP, Salmon JB, Maynard ND. Boerhaave 
syndrome: A diagnostic conundrum. BMJ Case Rep. 
2009;2009:Epub.

 158. Huggins JT. Chylothorax and cholesterol 
pleural effusion. Semin Respir Crit Care Med. 
2010;31:743–750.

 159. Branca P, Rodriguez RM, Rogers JT et al. Routine 
measurement of pleural fluid amylase is not 
indicated. Arch Intern Med. 2001;161:228–232.

 160. Joseph J, Viney S, Beck P et al. A prospective 
study of amylase-rich pleural effusions with special 
reference to amylase isoenzyme analysis. Chest. 
1992;102:1455–1459.

 161. Villena V, Perez V, Pozo F et al. Amylase levels in 
pleural effusions: A consecutive unselected series of 
841 patients. Chest. 2002;121:470–474.

 162. Kramer MR, Saldana MJ, Cepero RJ, Pitchenik AE. 
High amylase levels in neoplasm-related pleural 
effusion. Ann Intern Med. 1989;110:567–569.

 163. Gegenhuber A, Mueller T, Dieplinger B et al. 
Plasma B-type natriuretic peptide in patients with 
pleural effusions: Preliminary observations. Chest. 
2005;128:1003–1009.

 164. Liao H, Na MJ, Dikensoy O et al. Diagnostic value of 
pleural fluid N-terminal pro-brain natriuretic peptide 
levels in patients with cardiovascular diseases. 
Respirology. 2008;13:53–57.

 165. Tomcsanyi J, Nagy E, Somloi M et al. NT-brain 
natriuretic peptide levels in pleural fluid distinguish 
between pleural transudates and exudates. Eur J 
Heart Fail. 2004;6:753–756.

 166. Porcel JM, Vives M, Cao G et al. Measurement of 
pro-brain natriuretic peptide in pleural fluid for the 
diagnosis of pleural effusions due to heart failure. 
Am J Med. 2004;116:417–420.

 167. Han CH, Choi JE, Chung JH. Clinical utility of pleural 
fluid NT-pro brain natriuretic peptide (NT-proBNP) 
in patients with pleural effusions. Intern Med. 
2008;47:1669–1674.

 168. Kolditz M, Halank M, Schiemanck CS et al. 
High diagnostic accuracy of NT-proBNP for 
cardiac origin of pleural effusions. Eur Respir J. 
2006;28:144–150.

 169. Cincin A, Abul Y, Ozben B et al. Pleural fluid amino-
terminal brain natriuretic peptide in patients with 
pleural effusions. Respir Care. 2013;58:313–319.

 170. Long AC, O’Neal HRJ, Peng S et al. Comparison of 
pleural fluid N-terminal pro-brain natriuretic peptide 
and brain natriuretic-32 peptide levels. Chest. 
2010;137:1369–1374.

 171. Porcel JM, Bielsa S, Morales-Rull JL et al. 
Comparison of pleural N-terminal pro-B-type 
natriuretic peptide, midregion pro-atrial natriuretic 
peptide and mid-region pro-adrenomedullin 
for the diagnosis of pleural effusions associated 
with cardiac failure. Respirology. 2013;18: 
540–545.

 172. Zemans RL, Chatterjee K, Matthay MA. Diagnostic 
utility of B-type natriuretic peptide in patients with 
acute dyspnea or pleural effusions. Am J Med. 
2004;116:424–426.

 173. Light RW. Use of pleural fluid N-terminal-pro-brain 
natriuretic peptide and brain natriuretic peptide in 
diagnosing pleural effusion due to congestive heart 
failure. Chest. 2009;136:656–658.

 174. Porcel JM. Pleural effusions from congestive 
heart failure. Semin Respir Crit Care Med. 
2010;31:689–697.

 175. Monla-Hassan J, Eichenhorn M, Spickler E et al. 
Duropleural fistula manifested as a large pleural 
transudate: An unusual complication of transthoracic 
diskectomy. Chest. 1998;114:1786–1789.

 176. Assietti R, Kibble MB, Bakay RA. Iatrogenic 
cerebrospinal fluid fistula to the pleural cavity: 
Case report and literature review. Neurosurgery. 
1993;33:1104–1108.



172 Pleural fluid analysis

 177. Lloyd C, Sahn SA. Subarachnoid pleural fistula due 
to penetrating trauma: Case report and review of 
the literature. Chest. 2002;122:2252–2256.

 178. Chuen-im P, Smyth MD, Segura B et al. 
Recurrent pleural effusion without intrathoracic 
migration of ventriculoperitoneal shunt catheter: 
A case report. Pediatr Pulmonol. 2012;47: 91–95.

 179. Skedros DG, Cass SP, Hirsch BE, Kelly RH. Beta-2 
transferrin assay in clinical management of 
cerebral spinal fluid and perilymphatic fluid leaks. 
J Otolaryngol. 1993;22:341–344.

 180. Garcia-Pachon E, Romero S. Urinothorax: A new 
approach. Curr Opin Pulm Med. 2006;12:259–263.

 181. Garcia-Pachon E, Padilla-Navas I. Urinothorax: 
Case report and review of the literature with 
emphasis on biochemical diagnosis. Respiration. 
2004;71:533–536.

 182. Delco F, Domenighetti G, Kauzlaric D et al. 
Spontaneous biliothorax (thoracobilia) following 
 cholecystopleural fistula presenting as an acute 
respiratory insufficiency: Successful removal 
of gallstones from the pleural space. Chest. 
1994;106:961–963.

 183. Yamazaki S, Itoh Y, Mamiya T et al. Massive biliary 
pleural effusion induced by pancreatic-thoracic 
fistula. Pancreas. 2005;31:295–296.

 184. Azcarate-Perea L, Moreno-Mata N, Gonzalez-
Casaurran G et al. Biliopleural fistula after 
radiofrecuency ablation of hepatocellular carcinoma. 
Rev Esp Enferm Dig. 2011;103:494–496.

 185. Butt AS, Mujtaba G, Anand S, Krishnaiah M. 
Management of biliopleural fistula after transarterial 
chemoembolization of a liver lesion. Can J 
Gastroenterol. 2010;24:281–283.

 186. Al-Qahtani HH. Biliopleural fistula with 
cholethorax: A rare complication of percutaneous 
transhepatic biliary drainage. Saudi Med J. 
2011;32:1189–1192.

 187. Pittman JA, Dirnhuber M. Glycinothorax: A new 
complication of transurethral surgery. Anaesthesia. 
2000;55:155–157.

 188. Barker L. Glycinothorax revisited. Anaesthesia. 
2000;55:706–707.

 189. Toworakul C, Kasitanon N, Sukitawut W et 
al. Usefulness of pleural effusion antinuclear 
antibodies in the diagnosis of lupus pleuritis. Lupus. 
2011;20:1042–1046.

 190. Porcel JM, Ordi-Ros J, Esquerda A et al. Antinuclear 
antibody testing in pleural fluid for the diagnosis of 
lupus pleuritis. Lupus. 2007;16:25–27.

 191. Khare V, Baethge B, Lang S et al. Antinuclear 
antibodies in pleural fluid. Chest. 1994;106:866–871.

 192. Wang DY, Yang PC, Yu WL et al. Serial antinuclear 
antibodies titre in pleural and pericardial fluid. Eur 
Respir J. 2000;15:1106–1110.

 193. Yoshiyuki Osamura R, Shioya S, Handa K, Shimizu 
K. Lupus erythematosus cells in pleural fluid 
cytologic diagnosis in two patients. Acta Cytol. 
1977;21:215–217.

 194. Wang DY, Yang PC, Yu WL et al. Comparison of 
different diagnostic methods for lupus pleuritis 
and pericarditis: A prospective three-year study. 
J Formos Med Assoc. 2000;99:375–380.

 195. Halla JT, Schrohenloher RE, Volanakis JE. Immune 
complexes and other laboratory features of pleural 
effusions: A comparison of rheumatoid arthritis, 
systemic lupus erythematosus, and other diseases. 
Ann Intern Med. 1980;92:748–752.

 196. Levine H, Szanto M, Grieble HG et al. Rheumatoid 
factor in nonrheumatoid pleural effusions. Ann 
Intern Med. 1968;69:487–492.

 197. Herzum I, Renz H. Inflammatory markers in 
SIRS, sepsis and septic shock. Curr Med Chem. 
2008;15:581–587.

 198. Sharif O, Knapp S. From expression to signaling: 
Roles of TREM-1 and TREM-2 in innate immunity 
and bacterial infection. Immunobiology. 
2008;213:701–713.

 199. Lee SH, Lee EJ, Min KH et al. Procalcitonin as a 
diagnostic marker in differentiating parapneumonic 
effusion from tuberculous pleurisy or malignant 
effusion. Clin Biochem. 2013;46(15):1484–1488.

 200. Botana-Rial M, Casado-Rey P, Leiro-Fernandez 
V et al. Validity of procalcitonin and C-reactive 
protein measurement when differentiating between 
benign and malignant pleural effusion. Clin Lab. 
2011;57:373–378.

 201. Wang CY, Hsiao YC, Jerng JS et al. Diagnostic 
value of procalcitonin in pleural effusions. Eur J Clin 
Microbiol Infect Dis. 2011;30:313–318.

 202. San Jose ME, Valdes L, Vizcaino LH et al. 
Procalcitonin, C-reactive protein, and cell counts in 
the diagnosis of parapneumonic pleural effusions. 
J Investig Med. 2010;58:971–976.

 203. Determann RM, Achouiti AA, El Solh AA et al. 
Infectious pleural effusions can be identified by 
sTREM-1 levels. Respir Med. 2010;104: 
310–315.

 204. Ko YC, Wu WP, Hsu CS et al. Serum and pleural fluid 
procalcitonin in predicting bacterial infection in 
patients with parapneumonic effusion. J Korean Med 
Sci. 2009;24:398–402.

 205. Lin MC, Chen YC, Wu JT et al. Diagnostic and 
prognostic values of pleural fluid procalcitonin 
in parapneumonic pleural effusions. Chest. 
2009;136:205–211.

 206. Porcel JM, Vives M, Cao G et al. Biomarkers of 
infection for the differential diagnosis of pleural 
effusions. Eur Respir J. 2009;34: 
1383–1389.



References 173

 207. Zou MX, Zhou RR, Wu WJ et al. The use of 
pleural fluid procalcitonin and C-reactive protein 
in the diagnosis of parapneumonic pleural 
effusions: A systemic review and meta-analysis. 
Am J Emerg Med. 2012;30:1907–1914.

 208. Andreo F, Dominguez J, Ruiz-Manzano J 
et al. Usefulness of pneumococcal antigen 
detection in pleural fluid samples by 
immunochromatographic assay for diagnosis of 
pneumococcal pneumonia. Clin Microbiol Infect. 
2006;12:682–684.

 209. Porcel JM, Ruiz-Gonzalez A, Falguera M et al. 
Contribution of a pleural antigen assay (Binax Now) 
to the diagnosis of pneumococcal pneumonia. 
Chest. 2007;131:1442–1447.

 210. Porcel JM, Esquerda A, Bielsa S. Diagnostic 
performance of adenosine deaminase activity 
in pleural fluid: A single-center experience with 
over 2100 consecutive patients. Eur J Intern Med. 
2010;21:419–423.

 211. Diacon AH, Van de Wal BW, Wyser C et al. 
Diagnostic tools in tuberculous pleurisy: A direct 
comparative study. Eur Respir J. 2003;22:589–591.

 212. Koegelenberg CF, Bolliger CT, Theron J et al. 
A direct comparison of the diagnostic yield 
of ultrasound-assisted Abrams and Tru-cut 
needle biopsies for pleural tuberculosis. Thorax. 
2009;65:857–862.

 213. Valdes L, San Jose ME, Pose A et al. Diagnosing 
tuberculous pleural effusion using clinical 
data and pleural fluid analysis: A study of 
patients less than 40 years old in an area with 
a high incidence of tuberculosis. Respir Med. 
2010;104:1211–1217.

 214. Liang QL, Shi HZ, Wang K et al. Diagnostic 
accuracy of adenosine deaminase in tuberculous 
pleurisy: A meta-analysis. Respir Med. 
2008;102:744–754.

 215. Jimenez Castro D, Diaz Nuevo G, Perez-Rodriguez E, 
Light RW. Diagnostic value of adenosine deaminase 
in nontuberculous lymphocytic pleural effusions. 
Eur Respir J. 2003;21:220–224.

 216. Koegelenberg CF, Diacon AH. Pleural controversy: 
Close needle pleural biopsy or thoracoscopy-which 
first? Respirology. 2011;16:738–746.

 217. Zemlin AE, Burgess LJ, Carstens ME. The diagnostic 
utility of adenosine deaminase isoenzymes in 
tuberculous pleural effusions. Int J Tuberc Lung Dis. 
2009;13:214–220.

 218. Loh TP, Tan KM, Chew S, Chan DS. High 
pleural ammonia negatively interferes with the 
measurement of adenosine deaminase activity. BMJ 
Case Rep. 2013;2013.

 219. Trajman A, Pai M, Dheda K et al. Novel tests for 
diagnosing tuberculous pleural effusion: What works 
and what does not? Eur Respir J. 2008;31:1098–1106.

 220. Greco S, Girardi E, Masciangelo R et al. Adenosine 
deaminase and interferon gamma measurements 
for the diagnosis of tuberculous pleurisy: A meta- 
analysis. Int J Tuberc Lung Dis. 2003;7: 
777–786.

 221. Kalantri Y, Hemvani N, Chitnis DS. Evaluation of real-
time polymerase chain reaction, interferon-gamma, 
adenosine deaminase, and immunoglobulin A for the 
efficient diagnosis of pleural tuberculosis. Int J Infect 
Dis. 2011;15:e226–e231.

 222. Liu YC, Shin-Jung Lee S, Chen YS et al. Differential 
diagnosis of tuberculous and malignant pleurisy 
using pleural fluid adenosine deaminase and 
interferon gamma in Taiwan. J Microbiol Immunol 
Infect. 2011;44:88–94.

 223. Wang H, Yue J, Yang J et al. Clinical diagnostic 
utility of adenosine deaminase, interferon-gamma, 
interferon-gamma-induced protein of 10 kDa, and 
dipeptidyl peptidase 4 levels in tuberculous pleural 
effusions. Heart Lung. 2012;41:70–75.

 224. Krenke R, Korczynski P. Use of pleural fluid levels of 
adenosine deaminase and interferon gamma in the 
diagnosis of tuberculous pleuritis. Curr Opin Pulm 
Med. 2010;16:367–375.

 225. Chegou NN, Walzl G, Bolliger CT et al. Evaluation 
of adapted whole-blood interferon-gamma release 
assays for the diagnosis of pleural tuberculosis. 
Respiration. 2008;76:131–138.

 226. Zhou Q, Chen YQ, Qin SM et al. Diagnostic 
accuracy of T-cell interferon-g release assays in 
tuberculous pleurisy: A meta-analysis. Respirology. 
2011;16:473–480.

 227. Dinnes J, Deeks J, Kunst H et al. A systematic 
review of rapid diagnostic tests for the detection 
of tuberculosis infection. Health Technol Assess. 
2007;11:1–196.

 228. Pai M, Flores LL, Hubbard A et al. Nucleic acid 
amplification tests in the diagnosis of tuberculous 
pleuritis: A systematic review and meta-analysis. 
BMC Infect Dis. 2004;4:6.

 229. Hayes DF. Contribution of biomarkers to 
personalized medicine. Breast Cancer Res. 
2010;12(suppl 4):S3.



174

14
Pleural manometry

DAVID FELLER-KOPMAN

KEY POINTS

 ● In the presence of a pleural e�usion, the pressure in the pleural space is dependent on the cause of the e�usion as 
well as the ability of the lung to re-expand with removal of the �uid.

 ● Trapped lung and lung entrapment represent distinct entities of unexpandable lung.
 ● �e majority of patients with trapped lung do not require speci�c therapy aimed at the pleural space.
 ● Pleural manometry should be used to best select patients with malignant pleural e�usions for palliation by 

pleurodesis or PleurX™ catheter placement.
 ● If formal manometry is not performed during thoracentesis, the development of chest discomfort should raise the 

suspicion of unexpandable lung.
 ● Introduction of air into the pleural space, a diagnostic pneumothorax, can be used to help visualize visceral pleural 

thickening in patients with unexpandable lung.

INTRODUCTION

�e �rst measurements of intrapleural pressure (Ppl) dur-
ing the removal of pleural �uid were made by the German 
internist Heinrich Quincke in 1878.1 �e clinical use of 
pleural manometry gained favor in the early twentieth cen-
tury, when physicians would measure pleural pressure to 
con�rm entry into the pleural space while inducing pneu-
mothorax for the treatment of tuberculosis. It was also 
noted at that time that approximately 5% of patients would 
develop “unexpandable lung” due to parenchymal or vis-
ceral pleural scarring, with the formation of a pleural e�u-
sion ex vacuo.2 �e monitoring of pleural pressure, though 
interesting from a physiological standpoint in and of itself, 
can be used clinically to minimize the pressure-related 
complications associated with thoracentesis, including the 

development of symptoms, such as chest discomfort3 and 
re-expansion pulmonary edema (RPE), as well as to pre-
dict the success of pleurodesis in patients with malignant 
e�usions.4 �ough the last three decades have seen a resur-
gence of using pleural manometry in the care of patients, 
it remains an underutilized technique. �is chapter will 
review the pressure physiology of the pleural space, and dis-
cuss the clinical application of manometry.

 NORMAL PLEURAL PRESSURE 
PHYSIOLOGY

At functional residual capacity (FRC) Ppl is slightly sub-
atmospheric, approximately –3 to –5 cmH2O.5 �is results 
from the equilibrium achieved by the elastic recoil forces 
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of the lung and the tendency of the chest wall to expand. 
Pleural pressure actually consists of pleural liquid pressure 
and pleural surface pressure. �e di�erence between these 
two pressures relates to deformation forces created by areas 
of parietal and visceral pleural contact. �ese deformation 
forces result in a pleural liquid pressure that is slightly more 
subatmospheric than one would expect, based solely on the 
recoil pressures of the lung and chest wall.6

When �uid accumulates in the pleural space, the defor-
mation forces are in part released, and three distinct pres-
sure zones are created. In the upper zone, the thickness of 
the pleural liquid is normal and the pleural liquid pressure 
remains lower than the pleural surface pressure. In the mid-
dle zone, where pleural liquid thickness starts to increase, 
to  where pleural liquid pressure becomes zero, pleural 
 liquid pressure is equal to pleural surface pressure. In the 
lower zone, the pressure of pleural liquid is positive, and 
the lung and chest wall are pushed apart.6,7 �ese concepts, 
however, represent only one school of thought, based on the 
“hydrostatic theory” that pleural liquid is in a hydrostatic 
equilibrium maintained by a vertical gradient in pleural 
pressure of 1 cmH2O/cm height.8

Another model maintains that pleural liquid pressure is 
always equal to pleural surface pressure. �is concept sug-
gests that pressure gradients due to gravity and regional 
di�erences in pleural surface pressure drive a small viscous 
�ow of �uid in the pleural space, and requires the presence 
of a small continuous pleural �uid space with no contact 
between the lung and chest wall.8 As pleural �uid accu-
mulates, the viscous resistance to �ow falls rapidly and 
the gradient in the pleural pressure approaches that of the 
hydrostatic pressure gradient.8–10

Measurement of pleural liquid and surface pressure in 
the normal pleural space is technically challenging due to 
the fact that the normal pleural space is only approximately 
20 μm thick, and the insertion of any device into the pleu-
ral space will create deformation forces not present prior to 
the insertion of the device.10 �ough there continues to be 
great debate between the two dominant theories of normal 
pleural pressure physiology,10,11 these conceptual di�erences 
may only be of practical importance at the termination of 
a thoracentesis, when there is only a physiological amount 
(5–8 mL) of pleural �uid present. In the presence of even a 
small e�usion (several hundred milliliters), one can measure 
Ppl with a variety of techniques as the viscous resistance to 
�ow becomes negligible. �e pressure measured, therefore, 
is an accurate representation of the hydrostatic pressure in 
the e�usion at the level of the catheter/transducer.

�ere has been some suggestion that when measuring 
Ppl, the height of the manometer relative to the e�usion is 
insigni�cant.12 �e reason for this was assumed to be that, 
as Pascal’s law states, in an enclosed system such as the 
chest, pressure is transmitted equally in all directions and 
will exert the same force equally on the lung, chest wall, and 
manometer, regardless of where the needle is inserted. �is 
is in contrast to an open system, where the only force is that 
of gravity.12

More realistically, in a hydrothorax, a hydrostatic pres-
sure gradient of 1 cmH2O/cm height is present, so the 
pressure read by the manometer represents the pressure at 
a speci�c level, not the pressure thoughout the hydrotho-
rax. With the removal of pleural �uid and a reduction in 
the height of the �uid column above the catheter, the in�u-
ence of the hydrostatic pressure gradient becomes less. �e 
measured Ppl, therefore, does depend on where in the e�u-
sion the catheter is placed. Placing the catheter at the most 
dependent part of the e�usion has the potential bene�ts of 
(1) maximizing the amount of �uid that can be removed, 
and (2) minimizing the creation of deformation forces 
from the contact of the catheter with the lung. With this 
approach, the pressure measured at the level of the catheter 
will re�ect the pressure in the pleural space, and hence the 
pressure exerted on the lung and chest wall, at that level 
(Figure 14.1).

Depending on the cause of the e�usion, as �uid builds up 
in the pleural space, Ppl typically rises. As �uid is removed, 
one expects the lung to expand, the chest wall to contract, 
and the Ppl to reach its steady state at FRC. Pleural pressure, 
 however, can be negative, as in the case of trapped lung, or 
start out positive and drop rapidly, as is the case with lung 
entrapment.

 DEFINITIONS: LUNG ENTRAPMENT 
VERSUS TRAPPED LUNG

�ough confusing terms, “lung entrapment” and “trapped 
lung” describe di�erent pathophysiology and are thought to 
represent a spectrum of pleural in�ammation and repair. 
Lung entrapment describes an inability of the lung to 
 re-expand due to visceral pleural thickening, endobron-
chial obstruction, or diseases that lead to an increase in 
the elastic recoil of the lung such as interstitial lung disease 
and lymphangitic carcinomatosis. Patients o�en present 
with dyspnea related to the e�usion as well as with signs 
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Figure 14.1 Hydrostatic pressures in an open and closed 
system. (From Feller-Kopman D, Curr Opin Pulm Med, 13, 
312–18, 2007; Bernstein A, and White FZ, Ann Intern Med, 
37, 733–8, 1952.)
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and symptoms related to the underlying disease. Chest 
 discomfort or other signs of pleural in�ammation may also 
be present. �e e�usion associated with lung entrapment is 
typically exudative, representing an active in�ammation. 
With normal healing of the underlying process, the e�usion 
may completely resolve.

Trapped lung, on the other hand, is the sequelae of prior 
pleural in�ammation resulting in visceral pleural scar-
ring.13,14 �is creates negative pressure in the pleural space 
and results in an “e�usion ex vacuo.” Since there is no active 
pleural in�ammation, patients typically present with a 
chronic, and asymptomatic, e�usion that is identi�ed on 
routine physical examination or chest x-ray. As the pleural 
�uid formation results from an excess of negative pleural 
pressure, it is rare to see contralateral mediastinal shi� on a 
chest radiograph, even in the presence of a moderate to large 
e�usion. Likewise, as the e�usion is due to an imbalance of 
hydrostatic forces, it is always transudative in nature. Since 
the large majority of these patients are asymptomatic, ther-
apy aimed at the pleural e�usion is usually not required. 
Should the patient have exertional dyspnea resulting from a 
restrictive ventilatory defect due to the e�usion, decortica-
tion will likely be required to expand the underlying lung.

As mentioned above, lung entrapment and trapped lung 
are part of a continuum of the natural healing process of the 
underlying disease and, as such, one may occasionally obtain 
pleural �uid results that fall in the exudative range, even in 
the setting of trapped lung physiology, depending on when the 
thoracentesis is performed in the healing process.15 As such, 
the term “non-expandable” lung is commonly used and it is up 
to the clinician to determine the underlying pathophysiology.

TECHNIQUE

Pleural pressure can be measured via several techniques. 
�ese include using a U-shaped water manometer,16 an 
“overdamped” water manometer,17 a disposable digital 
manometer18 or sophisticated electronic transducer systems 
that allow sampling several times a second as well as the 
ability to store data for further analysis. A bene�t of the 
U-shaped manometer is the fact that it is relatively inexpen-
sive. A disadvantage, however, is the fact that it may be dif-
�cult to accurately record values due to the inspiratory and 
expiratory pleural pressure swings. Electronic transducer 
systems can be con�gured to standard monitors in the 
intensive care unit (ICU); however, one needs to calibrate an 
“o�set” as these monitors are not calibrated to measure neg-
ative pressure. In addition, ICU hemodynamic transduc-
ers report data in mmHg, instead of the standard cmH2O 
typically used for Ppl measurements. �is problem is easily 
resolved by adding the conversion factor of 1 mmHg = 1.36 
cmH2O. A distinct advantage of using an ICU electronic 
transducer system is the ability to examine the Ppl curves 
a�er the data has been collected. �is allows one to mea-
sure end-inspiratory and end-expiratory pressure, as well as 

mean Ppl. �ough it is unclear at this time which of these 
pressures is clinically most important, it is likely that future 
studies will clarify this issue. Disposable digital manom-
eters correlate quite well with the more sophisticated ICU 
transducers,  however do not store data. Most authors cur-
rently report mean or  end-expiratory (i.e.,≈FRC) Ppl. It may 
be, however, that end-inspiratory pressure is most related 
to the development of complications such as RPE. Doelken 
et al.17 have recently described their use of an overdamped 
water manometer that uses a 22-gauge needle as a resistor, 
and have shown excellent correlation to the electronic sys-
tem (r = 0.97). �e bene�ts of this system are that it is rela-
tively easy to set up and it also provides real-time mean Ppl 
without the large respirophasic swings that are encountered 
with systems that are not damped.

 MANOMETRY IN THE CLINICAL 
SETTING

In 1980, Light et al.16 used a water-�lled U-shaped manom-
eter connected to an Abram’s needle to measure mean pleu-
ral pressure during thoracenteses in 52 patients with the 
goal of determining the clinical utility of pleural manom-
etry, and to evaluate the safety of large-volume thoracente-
sis. Pleural �uid was removed until either the mean Ppl fell 
to less than –20 cmH2O, no more �uid could be obtained 
or patients developed symptoms described as more than 
minimal in severity. �ough the initial Ppl varied widely 
(–21 cmH2O to +8 cmH2O), an initial pressure of less than 
–5 cmH2O was only seen in patients with malignant e�u-
sions or trapped lung. �ey also measured pleural elas-
tance (change in pressure divided by change in volume) 
and described three distinct pleural elastance curves: (1) 
removal of a large amount of �uid with minimal change in 
pressure (as can be seen in patients with hepatic hydrotho-
rax), (2) a relatively normal initial curve followed by a sharp 
drop in pressure, and (3) a negative initial pressure with a 
rapid drop in pressure (Figure 14.2). �ey felt that the �rst 
curve (open circles) represented a normal pleural elastance, 
the second curve (closed circles) that of lung entrapment, 
and the third curve (x marks) was consistent with trapped 
lung. A pleural  elastance >25 cmH2O/L was seen in patients 
with malignancy or trapped lung.

Light’s group later investigated the relationship between 
changes in Ppl during thoracentesis and improvement in 
lung function.19 �ey found that although the improvement 
in mean forced vital capacity (FVC) following thoracentesis 
was related to the volume of �uid removed (approximately 
21 mL for each 100 mL removed), the correlation coe�cient 
was only 0.49. Interestingly, the improvement in FVC was 
most closely related to Ppl a�er the removal of 800 mL of 
�uid (r = –0.57, p < .01). Improvement in FVC was also sig-
ni�cantly (and negatively) related to initial Ppl, as well as 
the change in Ppl a�er removal of 400 and 800 mL of pleu-
ral �uid. �e negative correlation indicates that the larger 
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pressure changes were associated with smaller improve-
ments in FVC, consistent with the physiology of unexpand-
able lung. �at is to say, the lack of increase in lung volume 
correlates with more negative pleural pressure.

Huggins et al.15 have described their use of an “air- 
contrast” computed tomography (CT) scan to visualize 
visceral pleural thickening and help de�ne the cause of 
unexpandable lung in a group of 247 consecutive patients 
undergoing pleural manometry during thoracentesis. �ey 
identi�ed 11 patients with a clinical diagnosis of trapped 
lung. All of these patients developed a mean Ppl of less than 
–25 cmH2O and had prior pleural �uid analysis that was not 
suggestive of malignancy or pleural in�ammation. At the 
termination of the therapeutic thoracentesis, they instilled 
atmospheric air, a “diagnostic pneumothorax” with the goal 
of raising the Ppl to a more physiological mean of –5 cmH2O. 
A subsequent CT scan con�rmed visceral pleural thicken-
ing in all 11 patients. As expected, all of these patients had a 
high pleural elastance (Eps >19 cmH2O/L). �e authors favor 
using the air-contrast CT as part of the diagnostic approach 
to patients with trapped lung as a way of minimizing addi-
tional pleural interventions that will be of little value, and 
in fact have incorporated the diagnostic pneumothorax as 
part of their routine protocol should patients develop sig-
ni�cantly low Ppl and pleural �uid is still present.

Boshuizen recently described the bene�ts of using the 
change in pleural pressure swing a�er removal of 200 mL to 
predict incomplete lung expansion during thoracentesis.20 As 
expected, patients with expandable lung had a higher pleural 
elastance compared to those with non-expandable lung.

 RE-EXPANSION PULMONARY EDEMA

During a thoracentesis, one would ideally like to remove 
as much �uid as is safely possible. �e bene�ts of com-
pletely draining the pleural space include maximizing 

symptomatic relief, sparing the patient multiple procedures, 
increasing the yield of other diagnostic tests, such as a post-
thoracentesis CT scan, and documenting lung re-expansion 
prior to attempts at pleurodesis. In Light’s original study, 
they showed that if thoracenteses were terminated when 
the Ppl dropped to less than –20 cmH2O, RPE was avoided 
despite removing large quantities of �uid.16 �ey conclude 
that, “as the operator cannot easily estimate pleural pres-
sure… therapeutic thoracentesis should be limited to 1000 
mL unless pleural pressures are monitored.” A pressure of 
–20 cmH2O was arbitrarily chosen based on prior animal 
studies21,22 that showed a minimal risk of RPE if Ppl was 
kept above –20 mmHg (approximately –27 cmH2O), but a 
signi�cant risk was present with Ppl of –40 mmHg (approx-
imately –54 cmH2O). �e above quote has led to the major-
ity of clinicians terminating thoracentesis a�er removing 
1000–1500 mL without regard to the amount of remaining 
pleural �uid, the potential bene�t of removing that �uid, or 
consideration of pleural pressure.

Pleural manometry allows for the safe drainage of large 
volumes of �uid as well as avoiding the pressure-related 
consequences of thoracentesis such as RPE. In a study of 
61 patients, Villena et al.23 used manometry to de�ne the 
relationships of Ppl to underlying diagnosis as well as com-
plications of therapeutic thoracentesis. Although there was 
no signi�cance to a negative initial Ppl, all patients with an 
initial Ppl of less than –4 cmH2O and an elastance of the 
pleural space (Eps) >33 cmH2O/L had trapped lung. �ere 
were no cases of RPE, despite a mean removal of 1.45 L of 
pleural �uid. We routinely use pleural manometry during 
therapeutic thoracentesis, and terminate the tap if patients 
develop chest discomfort, end-expiratory Ppl is less than 
–20 cmH2O, or when there is no more �uid. In our series 
of over 185 large-volume (>1 L) thoracenteses (mean 1.67 L, 
range 1000–6550 mL), only one patient developed clinically 
signi�cant RPE.24 �ere was no relationship to the volume 
of pleural �uid removed, Ppl, Eps, or symptoms during the 
thoracentesis, suggesting that RPE is a rare event, and that 
large e�usions can be drained completely, provided that 
patients do not develop chest discomfort (see “Symptoms”) 
or Ppl is less than –20 cmH2O.

PLEURODESIS

For pleurodesis to be successful, the pleural surfaces 
need to appose each other. If the lung is entrapped and 
does not re-expand during thoracentesis, the odds of 
successful pleurodesis are reduced. �is fact is likely the 
single largest confounder in the multiple studies com-
paring pleurodesis agents, as documentation of lung re- 
expansion was used as a criteria prior to randomization 
in only two studies.25,26 Lan and colleagues4 used pleural 
manometry to predict lung re-expansion and found that 
a pleural space elastance of ≥19 cmH2O a�er the removal 

Figure 14.2 Pleural elastance curves. (From Light RW 
et al., Am Rev Respir Dis, 121, 799–804, 1980.)
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of 500 mL of pleural �uid predicted pleurodesis failure. 
�is is clinically important, as patients with lung entrap-
ment can still achieve pleural palliation with a signi�-
cant reduction in their dyspnea with the placement of a 
tunneled pleural catheter,27 and one should not attempt 
pleurodesis prior to documenting full lung expansion by 
either manometry or imaging a�er complete removal of 
pleural �uid. �e incidence of non-expandable lung can 
be seen in up  to 30% of pateints with malignant pleural 
e�uisons.28

SYMPTOMS

�e development of symptoms such as cough and chest 
pain/discomfort is quite common during therapeutic 
thoracentesis. As most physicians do not currently per-
form pleural manometry during thoracentesis, we inves-
tigated the relationship of Ppl to patient symptoms as 
pleural �uid is removed.3 We measured end-expiratory 
Ppl during therapeutic thoracentesis in 169 consecutive 
patients undergoing therapeutic thoracentesis. Symptoms 
 developed in 17% of patients (cough in 6% and chest 
discomfort in 11%). We distinguished between the sen-
sations of a sharp, ipsilateral pain that is typically felt 
over the ipsilateral shoulder/scapula and another, more 
vague chest discomfort that is o�en felt anteriorly. �e 
former sensation was felt to be due to catheter irritation 
of the diaphragm, whereas the latter could be related to 
the development of signi�cantly negative Ppl. If patients 
developed sharp pain, the catheter was repositioned, 
whereas if patients developed persistent chest discomfort, 
the procedure was terminated. �ere was no relationship 
between the volume of �uid removed or opening Ppl to 
symptom development. Closing Ppl and the change in Ppl, 
however, were both signi�cantly lower in the patients who 
developed chest discomfort. Interestingly, there was  a 
trend toward a lower pleural elastance in the patients who 
developed cough, possibly suggesting that cough is  due 
to normal expansion of the lung as the pleural �uid is 
removed. In addition, nearly 9% of patients were asymp-
tomatic despite potentially dangerous drops in Ppl.

CONCLUSION

In conclusion, pleural manometry provides a better 
 understanding of the underlying pleural pathophysiology 
and aids the physician in both diagnostic and therapeutic 
decisions. Measurement of Ppl can distinguish between 
lung entrapment and trapped lung, allows for the safe 
removal of large e�usions, and is a useful tool to select 
appropriate patients with malignant pleural e�usions for 
pleurodesis. If formal manometry is not performed during 

thoracentesis, the symptom of a vague chest discomfort can 
be used as a surrogate for potentially dangerous drops in 
pleural pressure.
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KEY POINTS

 ● Correct interpretation of the chest radiography remains a cornerstone of the management of patients with pleural 
disease.

 ● Ultrasound may be used to con�rm the presence of a pleural e�usion, to assess features speci�c for exudative 
e�usions such as a septations and pleural nodularity, and to guide biopsy and drain placement.
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 ● Multislice computed tomography is accurate in the diagnosis of benign and malignant pleural thickening.
 ● Image-guided biopsy is of value in the diagnosis of malignant pleural disease, including malignant mesothelioma.
 ● Multislice computed tomography is signi�cantly more sensitive than chest radiography in the detection of 

pneumothorax and is of particular use in trauma and intensive care patients. Ultrasound may be used in the 
diagnosis of pneumothorax, but should only be performed by trained physicians.

 ● Multislice computed tomography, dynamic contrast-enhanced magnetic resonance imaging, and positron emission 
tomography combined with computed tomography may be used as correlates of function and morphology and act 
as surrogate biomarkers of disease processes.

TECHNIQUES

Chest radiography (CXR), ultrasound (US), computed 
tomography (CT), multislice computed tomography 
(MSCT), high-resolution computed tomography (HRCT), 
magnetic resonance imaging (MRI), and positron emis-
sion tomography combined with computed tomography 
(PET-CT) may all be used to investigate pleural diseases. 
Interestingly, except for MRI, all techniques are also able to 
demonstrate normal pleural surfaces.

CHEST RADIOGRAPHY

Both conventional high-kilovoltage and digital CXR may be 
used. Previously, posterioranterior (PA) and lateral CXRs 
were performed to assess the pleura, with additional �lms 
such as a lateral decubitus CXR to demonstrate small vol-
umes of �uid,1 a shoot-through lateral supine CXR to detect 
a pneumothorax in patients in the intensive care unit (ICU),2 
and oblique �lms to con�rm pleural thickening. However, 
the increasing use of CT and US is replacing all views other 
than the PA or anteroposterior AP CXR, particularly in the 
ICU.3 Supine CXRs performed in critically ill patients are of 
less value than an erect �lm in the detection of �uid and air,4 
but the advent of easy to use portable US enables detection 
of both air and �uid in supine patients.5

ULTRASOUND

US, because of its low cost, ease of use, and portability, is 
commonly performed to assess pleural disease detected on 
CXR. It can be performed on inpatients and outpatients 
and is of great value in the critically ill, such as ICU and 
Emergency department patients.6 �e formalization of 
training programs for physicians has both increased its use 
and the quality of the service provided.7–9 A small- footprint 
probe enables the easiest intercostal access. Higher-
frequency linear array transducers (7.5–12 MHz) provide 
the greatest spatial resolution, particularly of the normal 
pleural surfaces,10 but may not provide enough  penetration 
in larger patients or those with large-volume pleural dis-
ease. In general, a variable frequency of 3.5–5.0 MHz sector 
transducer with a small footprint provides excellent images 

in most patients and can also be used to aid interventional 
procedures.2,11 Although currently only a research tool, 
contrast-enhanced ultrasound (CEUS) has been used to 
evaluate pleural disease and may be relatively speci�c in the 
identi�cation of benign and malignant disease.12

COMPUTED TOMOGRAPHY AND  
HIGH-RESOLUTION COMPUTED 
TOMOGRAPHY

CT is an excellent means of further assessing  pleural disease 
detected on CXR or US. Whenever possible, CT should be 
performed using multislice thin sections of between 0.5 and 
2 mm, enabling overlapping and  multiplanar reconstruc-
tions. Unless HRCT alone is being performed, intravenous 
contrast should be administered prior to scanning, and a 
delay of 20–60 seconds is used to enable maximum so� tis-
sue enhancement.12,13 A combined approach of a CT pulmo-
nary angiogram and then a delayed scan at 60 seconds may 
be used to investigate patients with unexplained pleural 
e�usions that may be either due to pleural disease itself or 
secondary to unsuspected pulmonary emboli.14

Most CT scanning is performed as conventional dose 
volumetric scans, but low-dose volumetric scans and HRCT 
scans may be used in young patients to reduce their radiation 
exposure. HRCT is of value in determining whether possible 
pleural thickening/plaques detected on a CXR are genuine 
and should be performed with thin sections of less than 2 mm 
and a high spatial resolution reconstruction algorithm.15 CT 
has been shown to be of value in the detection of pleural dis-
ease, assessing its cause and severity, and disease response. 
It has also been used in pleural disease quanti�cation and 
in correlating with functional measures in patients with 
impaired lung function secondary to pleural thickening.16

MAGNETIC RESONANCE IMAGING

MRI has a limited role in the investigation of pleural dis-
ease.17 It has been shown to be of value in assessing tumor 
extension through the pleura and in the detection of pleural 
malignancy. For MR chest imaging, respiratory compen-
sation and cardiac gating should be routinely used.17–20 A 
body coil is initially used to obtain the large �eld-of-view 
scout images. Specialized coils may then be used if further 
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dedicated images are required. �e pulse sequences and 
imaging planes must be tailored to the individual examina-
tion. Typical sequences are T1-weighted spin echo, proton 
density, and T2-weighted spin echo or fast spin echo with fat 
saturation, short T1 inversion recovery (STIR), and gradi-
ent-recalled acquisition in the steady state. �e slice thick-
ness and intersection gap depend on the area to be scanned 
and should be adjusted accordingly.

T1-weighted images show excellent contrast between 
abnormalities in the pleural space and extrapleural fat and 
are also excellent for anatomic resolution.6 T2-weighted 
images o�er more tissue-speci�c information and may 
show increased tumor to muscle contrast, and T1 postintra-
venous gadolinium may also be of value in detecting pleural 
enhancement in malignancy.21 Dynamic contrast-enhanced 
MRI (DCEMRI) may be used to assess malignant pleural 
vascularity and predict chemotherapy disease response in 
patients with mesothelioma (see later).22

 POSITRON EMISSION TOMOGRAPHY 
COMBINED WITH CT

�e development of combined PET and CT scanners 
(PET-CT) has expanded the use of PET imaging throughout 
the body, and the chest is no exception, although its cost, lim-
ited availability, and the length of examination times rela-
tive to the other imaging modalities persist as constraints on 
its use. �e low spatial resolution of PET scanners has now 
been overcome to a certain extent by coregistration using 
combined  CT and PET scanners.16 18- �uorodeoxyglucose 
(18FDG) is the only commercially available radioisotope for 
the investigation of pleural malignancy,23 although there are 
a number of tracers currently under investigation, including 
�uorothymidine (FLT) and �uoromisonidazole (F-miso), 
potentially of value in the assessment of cell replication 
and tumor hypoxia, respectively.23,24 Malignant cells have 
upregulated glucose transporter mechanisms and are more 
metabolically active than nonmalignant cells and there-
fore concentrate 18FDG more avidly than normal tissue. 
Consequently, the greater positron emission from such areas 
may enable the detection and di�erentiation of malignant 
from benign pleural disease. One study of 98 patients showed 
18FDG activity in 61 of 63 patients with pleural malignancy 
compared to an absence of activity in 31 of 35 patients with 
benign disease.18 FDG activity was intense in 51 of the pat-
ients with  malignant pleural thickening and moderate in 10.25

NORMAL ANATOMY

CHEST RADIOGRAPHY

On a standard radiograph, the normal pleura is visualized 
only where the visceral pleura invaginates into the lung 
to form the �ssures,26–31 and where the two lungs contact 

one another at the junctional lines.32,33 �e oblique and 
horizontal �ssures consist of a double layer of infolded 
visceral pleura31 and are only seen on a chest radiograph 
when they are tangential to the X-ray beam. �ey are 
o�en incomplete and thus do not extend all the way to 
the hilum.28,32

�e normal visceral pleura may also be identi�ed in 
patients with a pneumothorax; it is normally less than 1 mm 
thick. �e normal parietal pleura is never visualized.

ULTRASOUND

Normal pleura is seen as an echogenic stripe, the “pleural 
stripe” (Figure 15.1), comprising both the opposing vis-
ceral and parietal layers, associated with distal reverbera-
tion echoes, because the pleura re�ects most of the acoustic 
energy of the US beam. �ese distal reverberation artifacts, 
o�en described as “comet tails,” are produced by any small, 
highly re�ective object in the scanning plane34 and mani-
fest as an echogenic band extending from the object into 
the deeper portions of the image.35 A “comet tail” can be 
produced by di�erent structures at the pleural surface, such 
as small foreign bodies, foci of calci�cation, and discrete air 
collections.

During respiration, small hypoechoic inhomogene-
ities are seen to move at the pleural stripe, producing a 

Figure 15.1 The normal pleural surfaces (parietal and 
visceral) seen as a bright stripe on ultrasound. Note the 
position of the ribs (arrows).
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shimmering movement described as the “lung sliding” 
sign.34 �e “comet tail” and “lung sliding” signs disappear 
in the presence of a pneumothorax.34–37

US is also able to assess the pleural surface of the dia-
phragm in the normal individual.38 It is best assessed in the 
right or le� intercostal spaces between the anteroaxillary 
and midaxillary lines to observe the zone of apposition of 
the diaphragm 0.5–2 cm below the costophrenic recess. On 
US, the diaphragm is seen to consist of �ve layers: two outer 
bright parallel lines representing the pleural and perito-
neal membranes separated from the bright layer of the dia-
phragm muscular layer by hypoechoic layers of connective 
tissue on either side.38,39

COMPUTED TOMOGRAPHY

 Visceral pleura: fissures and junction lines

�e �ssures are not directly visualized on thick section 
(5 mm) CT, but may be identi�ed as curvilinear avascular 
bands extending from the hilum to the chest wall.40,41 �e 
oblique �ssures are visualized in approximately 80%–95% 
of patients, with the horizontal �ssure, detected less o�en 
and is usually best visualized on a section between the ori-
gins of the upper and middle lobe bronchi.

 MULTISLICE AND HIGH-RESOLUTION 
COMPUTED TOMOGRAPHY

In contrast to the avascular band–like densities seen on 
conventional CT, on MSCT and HRCT the �ssures are seen 
as smooth, linear opacities (Figure 15.2). �e normal  �ssure 
is less than 1 mm thick and sharply de�ned.42 When per-
formed MSCT volumetric CT the �ssures are commonly 
seen and are clearly identi�ed on the coronal and sagit-
tal reformats. �e �ssures are commonly incomplete43,44 
(Figure 15.1), and identi�cation of this is critical to the 
success of bronchial valve treatment for emphysema, as an 
incomplete �ssure permits collateral air dri� making the 
treatment unsuccessful.

In a normal individual the visceral pleura, subpleural 
interstitium, and parietal pleura along the costal and medi-
astinal surfaces of the lung are not visualized on HRCT.45

Along the costal pleural surface adjacent to the pari-
etal pleura is a thin layer of extrapleural fat, separating the 
pleura from the endothoracic fascia.45 It is this combina-
tion of tissues plus the innermost intercostal muscle that 
is visualized as the normal intercostal stripe on HRCT 
(Figure 15.3). �is is visible as a 1- to 2-mm-thick stripe 
in the anterolateral and posterolateral intercostal spaces, 
at the point of contact between lung and chest wall. On 
HRCT, the innermost intercostal muscle can also be seen 
internal to the tapering edges of the visible rib segments, 
thus mimicking pleural thickening.45 However, it is seen 
to be continuous with the normal innermost muscle in the 
adjacent interspaces and is not seen internal to the entire 

rib segment, both of which distinguish it from pleural 
thickening.45

�e normal stripe can be seen internal to the entire 
length of the visible rib segment when the rib is horizontal, 
as is common posteriorly. Again, this may mimic pleural 
thickening. �e visible rib segment should appear thinner 
than usual.45

Occasionally, normal so� tissue may be seen internal to 
a rib: the layer of fatty tissue located between the parietal 
pleura and the endothoracic fascia thickens adjacent to the 
lateral ribs, producing fat pads several millimeters thick, 
especially over the fourth to eighth ribs, which can extend 
into the intercostal spaces or �ssures.46,47

�e transverse thoracic and subcostal muscles may be 
visible internal to the end of a rib or costal cartilage, the 
former at the level of the heart adjacent to the lower ster-
num or xiphoid process and the latter posteriorly at the 
same level. �ey should be smooth, uniform in thickness, 
and  bilaterally symmetrical.45

Figure 15.2 Left oblique fissure visualized as sharply 
defined thin line on 1-mm high-resolution computed 
tomography section (arrow).

Figure 15.3 High-resolution computed tomography 
 demonstrating the intercostal stripe (arrow).
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In a paravertebral location, the pleura and fascia com-
bine to produce a thinner line than that seen laterally. �e 
innermost muscle is absent. Occasionally, the paravertebral 
line is thicker than expected, which may re�ect segments of 
the intercostal vessels.42,45

MAGNETIC RESONANCE IMAGING

As a result of their sub-1-mm thickness and consequent lack 
of signal, the normal pleural surfaces including �ssures and 
junctional lines are not visualized on MRI, but may be iden-
ti�ed if thickened by tumor, infection, or �uid.

The intercostal arteries

Identi�cation or knowledge of the position of the intercos-
tal arteries is important prior to performing interventional 
pleural procedures to prevent intercostal artery laceration 
and hemorrhage, which may on occasion be fatal. �e arter-
ies are positioned under the �ange of the ribs approximately 
4 cm from the vertebral body spinous process.48 Before this, 
the arteries may lie unprotected in the intercostal space and 
be vulnerable to puncture. In the elderly and those with a 
prior history of trauma, infection, and thoracic surgery, 
the unprotected length of the artery may be substantially 
greater. �e arteries are readily detected on CT, and if using 
US to guide biopsy or drain insertion they may be identi�ed 
using color Doppler49 (Figure 15.2).

PLEURAL FLUID

CHEST RADIOGRAPHY

Posterior–anterior and lateral radiographs

Pleural �uid tends to collect along dependent surfaces. As 
the amount of �uid increases, the diaphragm appears �at-
tened and blunting of the lateral costophrenic angle is seen 
on the PA radiograph.50 Accumulation of 200 mL or more 
of �uid leads to blunting of the lateral costophrenic sulcus, 
although up to 500 mL may be present without blunting.51 
�e lateral decubitus view is far more sensitive in the detec-
tion of pleural �uid than the erect PA CXR and can demon-
strate as little as 5 mL of �uid.1

As the amount of �uid increases, a typical “meniscus” 
sign is seen on a standard PA CXR.32 �is is demonstrated by 
a homogeneous lower zone opacity with a concave upward 
sloping at the costophrenic angle that extends higher later-
ally than medially. �is meniscus sign is explained by the 
fact that the X-ray beam traverses a greater thickness of 
�uid at the periphery.52,53 If �uid collects at the point of con-
tact of the �ssures with the chest wall, then a “tongue-like” 
intrusion of �uid into the �ssures is seen more superiorly 

and peripherally.32 A small amount of �uid in the horizontal 
�ssure may produce a similar appearance.54

If �uid extends into the �ssures in a step-like manner 
laterally below the horizontal �ssure, then the appearance 
of the “middle lobe step” is seen. �is appearance can be 
explained by overlapping �uid intrusion into incomplete 
oblique and horizontal �ssures.32,55

A massive e�usion leads to complete or near-complete 
opaci�cation of the hemithorax with mediastinal shi� to the 
contralateral side.56 A centrally located mediastinum in the 
presence of a large e�usion suggests that either the medias-
tinum is �xed or there is associated pulmonary collapse.57

Inversion of the diaphragm may occur, especially with 
large e�usions. �is occurs most commonly on the le� owing 
to the protective e�ect of the liver on the right (Figure 15.4).58,59 
An inverted diaphragm, which has reverted to a normal posi-
tion, is one explanation for an apparent failure of a pleural 
e�usion to decrease on a CXR a�er thoracentesis.

Loculated e�usions do not move freely in the pleural 
space and occur when there are adhesions between the 
 visceral and parietal pleura. �ey are most commonly seen 
with exudative e�usions such as empyemas and hemotho-
races.32 �ey tend to have a sharp medial margin and a hazy 
lateral margin, with the margins making an obtuse angle 
with the chest wall.32 Occasionally, they may be indistin-
guishable from chest wall or pleural masses, which tend to 
have their greatest depth opposite the pleural point of attach-
ment and, if malignant, may involve the underlying rib. If a 
loculated e�usion is suspected, the true cause is readily con-
�rmed by US. In addition, loculated e�usions may simulate 
a mass if they collect in the interlobar �ssures or along the 
mediastinum. �ese are more frequently right-sided and 
in the horizontal rather than the oblique �ssure. On a PA 

Figure 15.4 Multislice computed tomography coronal 
reconstruction demonstrating a large left pleural effusion 
and thickening. The large-volume disease has inverted the 
left hemidiaphragm.
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radiograph, the appearance of a loculated e�usion in the 
horizontal �ssure is that of a round or oval density, whereas 
on a lateral radiograph it takes on a lentiform shape with a 
characteristic tail extending along the �ssure (Figure 15.5). 
If a loculated e�usion occurs in the oblique �ssure, then 
the appearances can resemble middle lobe collapse or con-
solidation. Features that favor the former are the following: 
identi�cation of a separate horizontal �ssure, one or more 
convex margins on the lateral radiograph, no e�acement of 
the right heart border, and both ends of the e�usion tapering 
on the lateral �lm.32 If a�er careful review the diagnosis is in 
doubt, the cause of the CXR appearances can be determined 
by reviewing prior CXRs, obtaining radiographs in di�erent 
positions as free �uid shi�s while masses and loculated col-
lections do not, or performing a CT scan.

Lamellar pleural e�usions are those that collect in the con-
nective tissue beneath the visceral pleura and are  frequently 
seen with cardiac failure. �ey are most  commonly small 
and frequently associated with other radiographic features 
of cardiac failure. It is the lamellar shape with the shadow 
outlining the pleural boundary that suggests pulmonary 
rather than pleural �uid.

Supine radiographs

Large amounts of �uid can be missed on a supine radio-
graph as the pleural �uid layers posteriorly.60 On a supine 
radiograph, dependent on the patient’s size and the pres-
ence of other radiographic abnormalities such as consoli-
dation or collapse, approximately 175–525 mL of �uid is 
required to cause detectable blunting of the costophrenic 
angle, and this amount of �uid may also cause a general 
increased haziness over the lower pulmonary zones or a 
density over the apex.60 �e presence of an apical cap occurs 
because the apex is dependent in the supine position and so 
�uid tends to pool in this area. Because a reasonable amount 
of �uid may be required before an e�usion is detected on a 
supine CXR, a normal supine radiograph does not exclude 
an e�usion. Several radiographic signs suggest the pres-
ence of �uid: increased homogeneous density over the lung, 
an apical cap, blunting of the costophrenic sulcus with an 
increase in apparent peripheral pleural thickening in larger 
e�usions, apparent elevation of the hemidiaphragm, appar-
ent thickening of the horizontal �ssure, and reduced lower 
lobe vasculature.60

Subpulmonary effusion

Pleural �uid may also collect in a subpulmonary location.32 
�ese e�usions are o�en transudates associated with car-
diac,  renal, and hepatic failure. �ey can be unilateral or 
bilateral and tend to occur on the right side if unilateral.61 
�e main �ndings include elevation of the ipsilateral hemi-
diaphragm, �attening of its medial aspect and displacement 
of the peak of the diaphragm laterally, with the contour on 
either side of the peak being straighter than usual. �e medial 
slope is gradual and the lateral one is steep. �ese appearances 

are accentuated on expiration. �e costophrenic angle is o�en 
 ill-de�ned, whereas both the lateral and posterior angles 
may be well-de�ned. A further way of distinguishing a sub-
pulmonic e�usion from a normal e�usion is by the apparent 
absence of vessels below the hemidiaphragm owing to the 
absence of parenchymal tissue passing below the hemidia-
phragm on the PA radiograph.62 A subpulmonic e�usion is 
more easily recognized on the le� because of separation of 
the stomach bubble from the apparent le�  hemidiaphragm. 

Figure 15.5 Fluid in the left oblique fissure simulating a 
mass on both (a) posterior–anterior and (b) lateral chest 
radiography.

(b)

(a)
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Occasionally, a  diaphragmatic spur will be seen if �uid enters 
the inferior accessory �ssure. If �uid extends into a parame-
diastinal distribution, then a triangular retrocardiac shadow 
may be produced.32

ULTRASOUND

US is commonly used to further assess a pleural e�usion 
detected on a CXR.63,64 In addition to con�rming the pres-
ence or absence of suspected pleural �uid, it is used to guide 
aspiration or chest drain insertion.63 On US, �uid is most 
frequently seen as an anechoic or hypoechoic collection, 
o�en delineated by the echogenic line of visceral pleura 
and/or lung (Figure 15.6). In addition to con�rming an e�u-
sion, it may be possible to distinguish between a transuda-
tive and an exudative e�usion.65,66 �e internal echogenicity 
of pleural e�usions can be anechoic (noncomplex) or echoic 
(complex) and nonseptated or septated, such that pleural 
�uid appearances can range from anechoic to echoic and 
septated (complex septated) (Figure 15.7).65 Transudates are 
always anechoic, whereas an anechoic e�usion can either 
be a transudate or an exudate.65 Pleural e�usions that are 
complex septated, complex nonseptated, or homogeneously 
echogenic are always exudates. �ickened pleura, a pleural 
nodule, or an associated parenchymal lesion detected in 
adjacent consolidated or atelectatic lung are also indicative 
of an exudate.65 �e detection of a pleural nodule, commonly 
positioned on the diaphragm, is strongly suggestive of malig-
nancy (Figure 15.8)66; homogeneous echogenic e�usions are 
mostly caused by a hemorrhagic e�usion or an empyema.65,67

Other signs that may occur in patients with an e�u-
sion include dynamic “�ap” or “swirl” signs, o�en caused 
by consolidated or collapsed lung, debris attached to the 
chest wall, or by movement of a septa within a loculated 
collection.67 Malignant pleural e�usions are more likely to 
have an echogenic swirling pattern secondary to respira-
tory movement or cardiac pulsation than benign disease, 
but neither this �nding nor the echotexture of the e�usion 

is speci�c enough for clinical use.68 Pleural �uid can be 
 readily  distinguished from a solid mass if �brin strands and 
septae are seen within the visualized hypoechoic space.69 
�ese �brin strands occur in exudates rich in protein and 
are o�en associated with infected or malignant e�usions.69 
Sometimes they are so profuse that they resemble a honey-
comb appearance (Figure 15.9).

US is now also being used to aid in decisions on whether 
and how to treat patients with pleural e�usions. �e size of 
the e�usion and its character has been shown to be of value 
in determining whether to drain the very commonly seen 
pleural e�usions present in ICU patients.70 Echogenic, com-
plex, and hyperechoic e�usions may warrant drainage. US 
has also been used to stratify patients with parapneumonic 
e�usions and empyema into treatment by chest drain or 
medical thoracoscopy.71 �e appearances on US may change 
during the patients’ illness, with anechoic or minimally 

Figure 15.7 Multiple septations seen on ultrasound in a 
patient with empyema.

Figure 15.8 Malignant nodule seen on the diaphragm 
(arrow) in a patient with a malignant pleural effusion.

Figure 15.6 Anechoic pleural effusion and collapsed lung 
(arrow) seen on ultrasound.
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septated �uid becoming increasingly septated if the e�usion 
becomes infected or if known pleural infection or malig-
nancy fails to improve on treatment. As US is now readily 
available on wards and in outpatient departments, it is o�en 
of value to perform serial US to assess response to treatment.

Pleural thickening may sometimes be di�cult to 
 distinguish from pleural �uid, as both may be anechoic 
or hypoechoic. Color Doppler in this instance can be used 
to help di�erentiate between the two. Pleural thickening 
 provides little or no color Doppler signal, whereas move-
ment in pleural �uid induced by respiratory or cardiac 
motion produces a signi�cant color Doppler signal.72,73

�e combination of US and CXR enables the con�r-
mation of an e�usion and the di�erentiation of this from 
thickening or tumor in virtually all patients. US may also 
be used to estimate the volume of the e�usion.74 �is may 
be a simple subjective assessment based on the opinion and 
experience of the operator and reported as small, moderate, 
or large. Other approaches such as measuring the pleural 
e�usion depth or more complex strategies to account for the 
complex shape of the chest have been used, but are probably 
not of practical use in clinical practice.74–76

US has recently also been used experimentally to assess 
the e�cacy of pleurodesis and in one study in rabbits, 
the absence of the gliding sign strongly correlated with a 
 successful pleurodesis.77

COMPUTED TOMOGRAPHY

�e majority of patients with transudative or parapneumonic 
e�usions can be managed with CXR and US. Noninfective 
exudative e�usions such as those caused by malignancy fre-
quently require contrast-enhanced CT either to aid in diag-
nosis or to help in clinical management and follow-up.

Identi�cation of pleural �uid and its etiology is readily 
performed with contrast-enhanced CT.78 When scanned 

supine, �uid is seen to collect initially in the deep lateral 
and posterior pleural recesses. Occasionally, particularly in 
patients with inverted hemidiaphragms, it may be di�cult 
to distinguish pleural �uid from abdominal �uid. As such, 
a sharp interface between the �uid and the liver or spleen 
is characteristic of ascitic �uid, whereas a hazy or unsharp 
�uid interface with the liver or spleen is indicative of a right 
or le� pleural e�usion due to the interposition of the dia-
phragm between �uid and liver or spleen.79 Furthermore, as 
the lungs and pleura lie adjacent and peripheral to the con-
vexity of the hemidiaphragm, pleural �uid will lie peripher-
ally to the diaphragm while ascitic �uid will lie internal to 
the hemidiaphragm.79

Sometimes, patients with an inverted hemidiaphragm 
caused by a pleural e�usion may appear to have �uid lying 
central to the diaphragm, although this is readily determined 
both by viewing all the CT images and the crura, as pleural 
�uid displaces the crus of the diaphragm anteriorly when it 
is interposed between the crus and the vertebral column.80

It may be di�cult to distinguish a small e�usion from 
pleural thickening, although contrast enhancement enables 
this in the vast majority of patients. �e internal character of 
the pleural e�usion is less readily assessed on CT than on US. 
Only very thick septations are visualized on CT because their 
attenuation is too similar to that of �uid to enable their easy 
identi�cation; their presence may be inferred by air or gas, if 
present, collecting as multiple small pockets (Figure 15.10).81

�e presence of pleural enhancement enables the dif-
ferentiation of exudative e�usions from transudates 
(Figure 15.11).82,83 �ere may be additional features on the 
CT scan, such as pleural thickening, nodules, or disease 
elsewhere, that enable further characterization as to the 
cause of the e�usion (Figure 15.12).84

CT is also good at assessing loculated e�usions, which 
may have simulated a mass on CXR. On CT they have a 
 lentiform con�guration, smooth margins, are of homoge-
neous attenuation, and displace the adjacent parenchyma.

Figure 15.10 Septation (arrow) demonstrated on contrast-
enhanced computed tomography by the separation of 
pockets of air within a left pleural effusion.

Figure 15.9 Honeycomb appearance on ultrasound in a 
patient with empyema.
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MAGNETIC RESONANCE IMAGING

Transudative pleural �uid returns low signal intensity on 
T1-weighted images and a relatively high signal inten-
sity on T2-weighted images (Figure 15.13). Magnetic 
resonance may be superior to CT in the di�erentiation 
of transudates and exudates.85 �e septations seen on 
US in exudative pleural e�usions are more readily seen 
on T2-weighted magnetic resonance images than CT, 
because the relatively low signal septations stand out from 
the background high signal �uid. Using a triple-echo 
pulse sequence and normalized MRI intensities, com-
plex exudates have greater signal intensity than simple 
exudates, which in turn are brighter than transudates. 
Magnetic resonance also allows di�erentiation of pleu-
ral e�usion from parenchymal disease and from pleural 
tumor. Subacute and chronic hemorrhage into the pleu-
ral space can also be recognized on MR images by very 
high signal intensity on both T1-and T2-weighted images. 
In subacute or chronic hematomas, a concentric ring sign 

may be seen. �is is composed of an outer dark rim due to 
hemosiderin and a bright center as a result of the shorten-
ing e�ects of methemoglobin.17

EMPYEMA

�e imaging features of parapneumonic e�usion and 
 empyema depend to a degree on the state of evolution of the 
e�usion and the underlying etiology, such as post-traumatic 
or community-acquired infection. In addition, the imag-
ing required will be very much circumstance led; o�en a 
PA CXR plus US enables diagnosis and management, with 
contrast-enhanced CT only required for ill patients such 
as those on ICU or those who fail to respond to medical 
management.

CHEST RADIOGRAPHY

An erect PA should be performed in all patients with sus-
pected parapneumonic e�usion or empyema. If there is 
clinicoradiological doubt when interpreting the CXR, 
then an US should be performed. �e epidemic of world-
wide obesity is making CXR interpretation and thoracic 
US more challenging, and in morbidly obese patients CT 
may be required both for diagnosis and for chest drain 
insertion.

In general, a pleural e�usion is demonstrated o�en in 
association with consolidation. �e e�usion is commonly 
unilateral, but if bilateral the infected side is usually the 
larger.86 If the e�usion is uncomplicated, it behaves like 
other noninfected sterile e�usions with a normal meniscus 
sign and changes position and appearance when a decubitus 
�lm is performed, unless there has been prior scarring of 
the pleural cavity.

Figure 15.13 A T2-weighted magnetic resonance  imaging 
sequence demonstrating high signal intensity pleural 
fluid.

Figure 15.11 Pleural enhancement (long arrow) and 
increase in attenuation of extrapleural fat (short arrow) in 
keeping with a parapneumonic effusion.

Figure 15.12 Pleural nodules seen laterally and posteriorly 
on the right (arrows) in a patient with a pleural effusion.



Empyema / Computed tomography 189

If the e�usion presents at a later stage or evolves from 
presentation, it may be loculated. �is loculated e�usion 
will then have the characteristic appearance of a lentiform, 
pleural-based opacity. If the collection is �ssural it will have 
the previously described appearance of a “pseudotumor.” 
Suspicion that the patient may have a pulmonary abscess 
rather than an empyema may arise either from the clinical 
history or CXR. Although the di�erentiation may be dif-
�cult, a pulmonary abscess tends to be smaller and rounder, 
with similar dimensions on both the PA and if performed, 
the lateral CXR87; it forms acute angles with the chest wall 
and has thicker, irregular walls if cavitation is present.88 CT 
may be used to con�rm the diagnosis.

It was previously thought that empyema size on a CXR 
correlated with the need for surgery.89 More recently, 
the ability to predict outcome and requirement for sur-
gery assessed on the size of the e�usion on CXR has been 
questioned, perhaps owing to more aggressive medical 
management.81

ULTRASOUND

US should be routinely performed to con�rm the presence 
of the e�usion and characterize it further. �e majority of 
parapneumonic e�usions and empyemas requiring US will 
be septated and may be hyperechoic, although anechoic 
e�usions may be frank pus on aspiration.65,81 Although sep-
tations are readily visualized on US, pleural thickening is 
poorly visualized and if con�rmation of this is required, 
contrast-enhanced CT should be performed. Unfortunately, 
there is no apparent correlation between US appearance and 
the stage of evolution of the e�usion, neither can it be used 
as a predictor of treatment outcome,81 although the develop-
ment of progressive septations and failure to reduce e�usion 
size as assessed by US may be used to decide on the need 
for alternative treatments. As mentioned earlier, US may be 
used to help determine the need for drainage and the use 
of tube drainage or video-assisted thoracoscopy.71,72 US may 
also be used as an alternative technique to CT to con�rm 
the position of the chest drain, if one has been previously 
inserted, and its position is uncertain from CXR.

COMPUTED TOMOGRAPHY

Critically ill patients and those who for other reasons are 
unsuitable for assessment by US may be imaged by contrast-
enhanced CT. If there is signi�cant volume loss on the CXR, 
lobar collapse, or other potential features of malignancy as 
well as features of an e�usion, a CT should be routinely 
performed.

As with other exudative e�usions, pleural enhancement 
is seen.82,83 Parietal pleural enhancement and thickening is 
readily visualized, although visceral pleural enhancement, 
o�en adjacent to consolidated or atelectatic lung, may not 
be appreciated.82,83 �ere is also an increase in thickening 
and attenuation of the adjacent extraparietal pleural fat 
(Figure  15.11).83 �ere is a trend for CT-detected pleural 

thickening to increase with the stage of the e�usion but 
it is unfortunately not possible to predict outcome in this 
regard.81 It has also been shown that marked pleural thick-
ening or “pleural peel” may completely resolve on long-term 
follow-up.90

If a lung abscess is suspected from the CXR, then CT may 
be used to con�rm the diagnosis (Figure 15.14). As on the 
CXR, pulmonary abscesses tend to be rounder than empy-
emas and o�en make an acute angle with the chest wall com-
pared with the obtuse angle commonly seen in an empyema 
on CT.87 In addition, the “passive” atelectasis seen adjacent to 
the empyema, as a result of reduction in hemithorax space, is 
not seen in patients with a pulmonary abscess as these replace 
lung rather than displace it. Pulmonary abscesses also tend 
to have signi�cantly thicker walls than empyemas. Lung 
abscesses are not infrequently seen in combination with, or 
as the cause of an associated empyema, and it is only possible 

(a)

(b)

Figure 15.14 Characteristic pulmonary abscess on 
computed tomography forming an acute angle with the 
right chest wall. (a) The abscess on mediastinal windows. 
(b) The abscess on lung windows. Note the absence of 
 significant “passive” atelectasis.
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to clarify the causes of the complex CXR appearances with 
CT when the two conditions are present.

Additionally, if a patient with a parapneumonic e�usion or 
empyema fails to respond to adequate medical management, 
a CT should be performed to identify possible unsuspected 
disease such as an inhaled foreign body or malignancy.

MAGNETIC RESONANCE IMAGING

MRI has a very limited role in the imaging of patients with 
parapneumonic e�usion and empyema due to the excel-
lence of both US and CT, but may be used in place of CT 
in patients who have a contraindication to intravenous con-
trast, where radiation exposure is of concern or who decline 
a CT. �e appearances of the pleura are similar to those seen 
on CT, with the bene�t of better visualization of septations 
and pleural thickening (Figure 15.3), but less good visual-
ization of the underlying lung.

TUBERCULOUS EMPYEMA

Patients with an acute tuberculous empyema have simi-
lar e�usion appearances to those with bacterial e�usions, 
although other features on CT such as military nodular-
ity, a  tree in bud appearance, and necrotic rim enhancing 
lymphadenopathy may enable the etiology to be suggested 
from the scan (Figure 15.4). In patients with a chronic 
tuberculous empyema, the pleural appearance may be sig-
ni�cantly di�erent from those described previously. In 
this instance, the typical �ndings are those of a moderate 
to large loculated pleural e�usion with pleural calci�cation 
and o�en enlargement of the overlying ribs.91

CT scanning shows a thick calci�c pleural rind with 
rib thickening surrounding a loculated pleural e�usion.92 
Complications associated with a tuberculous empyema 
include a bronchopleural �stula and empyema  necessitans.93 
�e latter is seen on CT as a thick-walled, well-encapsulated 
calci�c pleural mass. �e di�erential diagnoses of this 
appearance include bacterial empyema, lung abscess, blas-
tomycosis, and actinomycosis.91

MALIGNANT PLEURAL EFFUSIONS

Not all patients with pleural metastases have an associated 
pleural e�usion. Imaging of pleural thickening without an 
e�usion is discussed later. �e majority of malignant pleu-
ral e�usions (see Chapter 22, “Malignant pleural e�usion”) 
are secondary to lung or breast carcinoma and these patients 
are likely to have an appropriate clinical history and radiol-
ogy.94,95 Most patients presenting with metastatic pleural 
e�usions have large volume e�usions, with up to 10% of 
patients having massive e�usions causing complete hemitho-
rax opaci�cation96; the majority of  massive  e�usions are, in 

turn, secondary to malignancy.96 It should also be remem-
bered that pleural e�usions in patients with known malig-
nancy may be nonmalignant in etiology (i.e., associated with 
pulmonary thromboembolic disease). In most instances 
these e�usions tend to be small and are o�en asymptomatic.

If the primary malignancy is bronchogenic, then the e�u-
sion is likely to be ipsilateral, otherwise there is no ipsilateral 
predilection and the e�usions may on occasion be bilateral.

CHEST RADIOGRAPHY

�e appearance of malignant pleural e�usions ranges from 
an isolated nonloculated e�usion of varying size to an e�u-
sion with an associated pulmonary or mediastinal mass. �e 
presence of associated abnormalities on the CXR will direct 
appropriate further investigation which, in most instances, 
is contrast-enhanced CT. In the absence of an abnormality 
other than the e�usion, further imaging will be directed by 
clinical history and examination, and the results of aspira-
tion cytology.

ULTRASOUND

As with parapneumonic e�usions and empyema, malignant 
pleural e�usions may be anechoic, echoic, or complex sep-
tated. �e detection of a pleural or diaphragmatic nodule 
appears speci�c for malignancy66,97 and if US is used as an 
aid to thoracentesis, the assessment of the diaphragmatic 
pleural surface is of value since the majority of patients with 
malignant e�usions have associated diaphragmatic pleu-
ral thickening that is detectable on US (Figure 15.15).66,97 
Pleural thickening outside the diaphragmatic surface may 
be di�cult to detect on US.

COMPUTED TOMOGRAPHY

In patients with suspected malignant pleural e�usion and 
negative cytology on aspiration, contrast-enhanced CT is 
the next most commonly performed imaging investigation. 
It may be performed in patients prior to local anesthetic 

Figure 15.15 Diaphragmatic pleural thickening on ultra-
sound in patients with a malignant pleural effusion.
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thoracoscopy, particularly if the e�usion is small or in frail 
elderly patients when an alternative method for determin-
ing the e�usion etiology is being considered. As with other 
causes of exudative e�usions, pleural enhancement is com-
monly seen in patients with malignant e�usions.82 �is is 
commonly nodular or irregular or has a pleural thickness of 
>1 cm (Figure 15.16).98 Using these criteria for assessment, 
contrast-enhanced CT has been shown to have a sensitivity 
of >80% and to be highly speci�c in the evaluation of patients 
with suspected malignant e�usions.98 In addition, con�rma-
tion that there is no apparent malignant cause for the e�usion 
appears reliable with CT.84 Further information such as bone 
or liver metastases may also be apparent on scanning.84 �e 
distribution of malignant pleural thickening detected with 
CT appears to correlate with that seen at thoracoscopy. �e 
majority of patients have thickening, which is either solely or 

maximally posteriorly and basally (Figure 15.5). A secondary 
role for CT is the ability to either directly or indirectly guide 
biopsy of a detected abnormality (Figure 15.17).99

MAGNETIC RESONANCE IMAGING

�e role of MRI in the investigation of a suspected malig-
nant pleural e�usion is, at present, not clearly de�ned since 
there have only been a few nonrandomized  studies, and it 
is not routinely performed.17 Because of its very high con-
trast resolution, the ability to detect small pleural nodules 
against the background of an e�usion is likely to be supe-
rior to contrast-enhanced CT (Figure 15.18). However, this 
superior contrast resolution will be o�set by inferior spatial 
resolution and increased respiratory and cardiac motion 
artifact. In addition to routinely using cardiac and respira-
tory gating, T2-weighted and postcontrast T1-weighted sag-
ittal and axial sequences should be performed.

 POSITRON EMISSION TOMOGRAPHY 
COMBINED WITH CT

Positron emission CT has been evaluated in patients with 
suspected malignant pleural e�usions.100–103 Because both 
malignant cells and cells responding to in�ammation 
and infection derive their energy from glucose it is a poor 
discriminator between infective and malignant causes104 
and may also be potentially insensitive in patients with 

Figure 15.17 Computed tomography–guided pleural 
biopsy. The patient is in the prone position for biopsy.

Figure 15.16 Nodular left pleural thickening (arrow) 
and effusion suggestive of malignancy on computed 
tomography.

Figure 15.18 A T2-weighted magnetic resonance imaging 
sequence showing multiple pleural nodules (arrows), easily 
seen against the high T2 signal of pleural fluid.
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low-grade or relatively indolent malignancy such as �brous 
mesothelioma. As has been seen in the failure to detect tiny 
peritoneal nodules in abdominal malignancy, there may 
also be di�culty in detecting small-volume disease, “stud-
ding,” of the pleural surface by tumor, commonly seen at 
thoracoscopy.

 CHYLOTHORAX AND 
PSEUDOCHYLOTHORAX

CHEST RADIOGRAPHY

Unless associated with lymphangioleiomyomatosis, chylo-
thoraces (see Chapter 26, “E�usions due to lymphatic dis-
ruption”) cannot be distinguished from other e�usions on a 
standard radiograph. �ey can be unilateral or bilateral and 
can range in size from small to massive. A chylothorax is 
usually right-sided, but if secondary to damage or obstruc-
tion at the level of the aorta, a le�-sided e�usion is seen.

Pseudochylothorax is a fairly common �nding in patients 
with large pleural peel. In the majority of cases the cause is 
benign and, again, there are no speci�c CXR determinants.

COMPUTED TOMOGRAPHY

CT may help to de�ne the cause of the chylothorax that is 
not apparent on the CXR, such as tumor compressing the 
thoracic duct.105 However, the CT attenuation of the chyle 
is o�en indistinguishable from other e�usions because it is 
protein rich.

MAGNETIC RESONANCE IMAGING

Although not commonly performed, it is possible to dis-
tinguish a chylothorax from other causes of a pleural e�u-
sion on MRI because of its fatty content. On a T1-weighted 
image the chyle is bright and on a T2-weighted image the 
fatty component shows T2 shortening, with a signal inten-
sity similar to subcutaneous fat.

LYMPHOSCINTIGRAPHY

�is imaging technique is now not commonly performed 
in radiology or nuclear medicine departments, but when 
performed, most commonly uses 99mTc-sulfur microcol-
loid injected subcutaneously between the toes and scanning 
2–6 hours later. Its use in investigating chylothorax has been 
limited to a few case reports. It is able to demonstrate abnor-
mal lymphatic drainage in the cases of chylothorax.106 It may 
be possible to distinguish between lymphatic drainage and 
transdiaphragmatic movement of chylous peritoneal �uid 
through the pleuroperitoneal canal by radioisotope migra-
tion speed. Overall, lymphoscintigraphy may be useful in 
selecting those patients who would be suitable for surgery 
and to assess the e�ects of surgery.106

HEMOTHORAX

Hemothorax usually results from trauma, although several 
other conditions may be causative.107 On a standard radio-
graph the presence of rib fractures and a known clinical his-
tory of trauma may help to distinguish a hemothorax from 
a pleural e�usion. A hemothorax may result from attempted 
pleural aspiration or drain insertion with laceration of the 
intercostal artery, and in this instance its identi�cation is 
critical, because management of the arterial tear either by 
embolization or surgery may be required. In patients with a 
suspected acute hemothorax or potentially caused by inter-
vention, a dynamic contrast-enhanced CT scan should be 
performed to enable identi�cation of areas of active extravasa-
tion from the damaged intercostal artery and as foci of high 
attenuation within the pleural �uid (Figure 15.19).48 Less acute 
hemorrhage, within a few days of the event, may still be identi-
�able as high attenuation �uid. More chronically loculation is 
frequently seen and the end stage of a hemothorax may result 
in marked pleural thickening, which is frequently calci�ed.

FOCAL PLEURAL DISEASE

PLEURAL PLAQUES

Chest radiography

A PA and lateral CXR should always be performed as the 
initial investigation in detecting asbestos-related disease 
(see Chapter 37, “Asbestos-related pleural diseases”). �e 
criteria set by the International Labour O�ce108 suggest 
that the sensitivity of a CXR in the detection of plaques 
ranges from 30% to 80% and the speci�city ranges from 
60% to 80%. �eir detection is dependent on the number, 

Figure 15.19 Computed tomography demonstrating 
recent hemorrhage into two pleural locules with the 
development of fluid–fluid levels; the heme is the more 
dependent high-attenuation material (arrow).
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size, shape, position, degree of calci�cation, and technical 
 quality of the CXR (Figure 15.20).109

Pleural plaques almost always involve the parietal 
pleura alone, although rarely they may involve the visceral 
interlobular �ssures and may simulate a pulmonary nod-
ule.110 Oblique views were previously reported as helpful 
in the diagnosis of plaques, but are now rarely performed 
because of the availability and superiority of CT and HRCT. 
Identi�cation of plaques on CXR may be di�cult because 
of the di�culty in distinguishing between plaques and the 
normal muscle and fat companion shadows of the chest 
wall. Extrapleural fat is suggested by a bilateral and sym-
metric distribution along the midlateral chest wall. Plaques 
are unilateral on a CXR in approximately 25% of cases, 
more frequently on the le�, and if bilateral are frequently 
asymmetrical.111

As they calcify they produce a white line on the tangen-
tial views that parallels the chest wall, diaphragm, or  cardiac 
border. When plaques are suspected on CXR the domes of 
the diaphragm should be carefully reviewed as it is easiest to 
identify calci�ed plaques tangentially in this area. If calci-
�ed plaques are seen en face, they produce irregular linear 
or stippled calci�cations with an uneven density, and his-
torically, these have been termed “Holly leaf” calci�cation.

Computed radiography

�e advent of MSCT scanning has brought into ques-
tion the use of HRCT in the detection of suspected pleu-
ral plaques on the CXR or in di�erentiating plaques from 
extrapleural fat shadows or other causes of increased 

radio-opacity.112 Patients should probably be scanned 
prone, enabling  comment on possible pulmonary 
 parenchymal  asbestos-related disease that may also be 
present,113 although patients are o�en scanned supine 
and then turned prone to allow discrimination between 
increased lung density due to dependent change and early 
asbestosis. Both HRCT and MSCT are far more sensitive 
than the CXR in di�erentiating subpleural fat from pleural 
plaques.114,115

Pleural plaques on MSCT and HRCT appear as cir-
cumscribed areas of pleural thickening separated from the 
underlying rib and extrapleural so� tissues by a thin layer 
of fat (Figure 15.21). Although pleural plaques tend to occur 
in speci�c places, adjacent to ribs, anteriorly within the 
chest, and over the diaphragm, over time they frequently 
increase in number and size and may become extensive, 
giving rise to di�culty in their di�erentiation from di�use 
visceral pleural thickening. Plaques tend to have relatively 
acute edges, which may appear “rolled,” i.e., thicker at the 
edges than centrally, in comparison to the tapered edge 
seen more commonly in di�use visceral pleural  thickening 
(Figure 15.6). �ey may be associated with relatively subtle 
interstitial lines, so called “hairy plaques” (Figure 15.7), 
again potentially causing confusion with both asbesto-
sis and the pulmonary changes seen with di�use visceral 
pleural thickening. �e detection of early plaque disease 
requires particularly careful scrutiny of the pleural sur-
faces and they may be more easily identi�ed initially on 
review of the lung windows. Any so� tissue internal to a 
rib (remembering the comment describing the innermost 
intercostal muscle) or paravertebral region is regarded 
as abnormal. Both MSCT and HRCT techniques are also 
able to detect small foci of calci�cation within the plaques. 
Pleural plaques may be classi�ed according to their CT 
appearance:116

Figure 15.20 Characteristic appearance of bilateral 
 calcified pleural plaques on chest radiography (arrows).

Figure 15.21 Characteristic high-resolution computed 
tomography appearance of partly calcified pleural 
plaques positioned predominantly posteriorly and in a 
paravertebral distribution (arrows).
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 1. Minimal pleural plaques: less than 1 mm thick, 1–3 cm 
long, and few in number.

 2. Moderate pleural plaques: 1–3 mm thick, 2–5 cm long, 
and multiple in number.

 3. Severe pleural plaques: thicker than 3 mm, clearly 
indenting adjacent lung, up to 8 cm in craniocaudal 
dimension, and extensive in width.

 Ultrasound and magnetic 
resonance imaging

�e detection of pleural plaques is possible with both US and 
MRI, but the sensitivity is inferior to HRCT. On MRI they 
appear as areas of low signal on both T1- and T2-weighted 
sequences. Calci�cation within plaques is seen as a signal void.

 LOCALIZED FIBROUS TUMOR OF  
THE PLEURA

Chest radiography

Localized �brous tumors are smooth rounded or oval 
homogeneous masses on CXR (Figure 15.22). �ey have a 
sharply delineated contour that forms an obtuse angle with 
the pleural surface in 74%–94% of cases.95 �ey are seen 
more frequently in the lower half of the chest on either side. 
�e location may be in a �ssure (30%), along the mediastinal 
pleura (18%), the thoracic pleura (46%), or adjacent to the 
hemidiaphragm (6%).95 �ose on pedicles have a tendency 
to change position with respiration or posture.117

Computed tomography

On unenhanced CT scans, localized �brous tumors are 
homogeneous and sharply marginated, calci�cation is 
rarely seen and, in larger tumors, the adjacent lung paren-
chyma may be displaced with atelectasis and bowing of 
the bronchi and pulmonary vessels around the mass and a 
smooth tapering margin at the junction of the mass with 
the pleura.117

Enhancement is variable a�er intravenous contrast; it 
is always equal to or greater than that of other so� tissues 
and is most commonly homogeneous but may be hetero-
geneous in up to 40% of cases, and it o�en has a char-
acteristic swirling pattern (Figure 15.23).118 �e intense 
enhancement re�ects the rich vascular supply, with het-
erogeneous enhancement occurring owing to myxoid or 
cystic degeneration or hemorrhage into the lesion.119 If 
malignant change has occurred, central necrosis may be 
demonstrated on CT scans.120 A pedunculated tumor can 
show changes in position and shape on CT in the supine 
and prone positions, although the pedicle is seldom visu-
alized. Fibrous tumors have a tendency to collateralize 
adjacent vascular supply, readily apparent on CT (Figure 
15.8), and this information may be of value prior to surgi-
cal resection.

On occasion on CXR, it may be di�cult to decide if the 
tumor is a pulmonary tumor abutting the pleural surface 
or if at the lung bases a diaphragmatic hernia. On CT it is 
usually possible to di�erentiate a �brous tumor from a pul-
monary mass by the angle made with the pleural surface,121 
compression of the adjacent lung seen in pleural disease, 
and the pattern of enhancement; the absence of fat excludes 
a diaphragmatic hernia or a pleural lipoma. CT may rarely 
show invasion of the chest wall or infradiaphragmatic 
structures that occasionally occur.

If the tumor �lls the hemithorax, then US is a useful adju-
vant in the diagnosis, although there is no pathognomonic 
radiological feature for a localized �brous tumor. If the 

Figure 15.22 Large right lower lobe fibroma mimicking a 
large right pleural effusion.

Figure 15.23 Characteristically heterogeneously enhanc-
ing right pleural fibroma on contrast-enhanced computed 
tomography.
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tumor has been inadequately excised, there may be recur-
rence locally or elsewhere along the pleural  surface, dem-
onstrated by local or distal pleural nodularity (Figure 15.9).

Magnetic resonance imaging

MRI demonstrates the contour of a well-de�ned mass in 
contact with the pleural space, whose largest dimension is in 
the longitudinal plane.91 �e MR features of a �brous tumor 
include low signal on T1-weighted images and heterogeneous 
high signal on T2-weighted images.17 Sometimes a periph-
eral rim of low intensity is seen on the T1-weighted images. 
As with contrast-enhanced CT, T1-weighted images postg-
adolinium may demonstrate homogeneous or heterogeneous 
enhancement. MR is more o�en able to show the origin of the 
mass from the pleura than CXR or CT. Sagittal images are 
useful if the mass is located close to the diaphragm or superior 
sulcus. Imaging in the coronal plane demonstrates a so�, slop-
ing angle in continuity with the chest wall.

 PLEURAL LIPOMA AND LIPOSARCOMA

On CXR these may be poorly demonstrated or appear sim-
ilar to other so� tissue masses or collections abutting the 
pleural surface (Figure 15.24a). On CT scans they appear 
as a well-de�ned mass of homogeneous fat density forming 
obtuse angles with the chest wall and displacing the adja-
cent parenchyma. If the attenuation values are greater than 
250 HU and the tumor is heterogeneous, then a liposarcoma 
should be considered.122 On MR scans, they are of bright 
signal intensity on T1-weighted images (Figure 15.24b) and 
can be moderately bright on T2-weighted images.

LYMPHOMA

Lymphomatous pleural masses are rare, with the more usual 
manifestation of pleural disease being pleural e�usion with 
pleural thickening or nodules in association with disease 
elsewhere.

Chest radiography

A pleural e�usion is usually accompanied by mediastinal 
lymphadenopathy visible on a CXR; pulmonary involve-
ment is less commonly present.123 Pleural e�usions are 
 commonly unilateral and may be of considerable size. 
Discrete pleural nodules or di�use pleural thickening are 
very infrequently demonstrated.124,125

 Computed tomography, magnetic 
resonance imaging, and PET/CT

All three imaging modalities more clearly demonstrate 
the almost invariable mediastinal lymphadenopathy pres-
ent in patients with pleural involvement, particularly in 
Hodgkin’s disease (Figure 15.25),126 and PET/CT is now 

performed routinely in patients with Hodgkin’s disease 
and in some patients with non-Hodgkin’s lymphoma. 
CT contrast enhancement is required to demonstrate 
pleural thickening associated with pleural e�usions if 
the e�usions are not secondary to venous and lymphatic 
obstruction from mediastinal lymphadenopathy, the more 
common cause of an e�usion.127 �e majority of e�usions 
are  moderate in size and are commonly bilateral.128 MRI 

(a)

(b)

Figure 15.24 Localized view of a chest radiography show-
ing a left apical lobulated mass (arrow) (a), which, on coro-
nal magnetic resonance imaging, is of a high T2 signal in 
keeping with a pleural lipoma (arrow) (b).
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appears to detect the presence and extent of pleural disease 
more accurately than CT,129,130 with similar appearances to 
other causes of pleural malignancy in association with an 
e�usion (see earlier). Alongside demonstrating FDG avid 
mediastinal lymphadenopathy, PET/CT is able to di�er-
entiate lymphomatous pleural thickening associated with 
e�usion from e�usion alone, although as mentioned ear-
lier, subtle small volume disease and more indolent disease 
may not be FDG avid.

DIFFUSE PLEURAL DISEASE

 DIFFUSE BENIGN PLEURAL THICKENING: 
ASBESTOS RELATED

�is may be due to extensive plaques, and be parietal in 
 etiology, or be due to di�use visceral pleural thickening and 
be of visceral pleural etiology. �e distinction is of impor-
tance medicolegally and may on occasion be extremely 
di�cult. Plaque disease in comparison to visceral pleural 
disease is not thought to result in respiratory compromise 
or abnormal lung function. �ere is also probably a spec-
trum of disease from plaques through focal visceral pleural 
�brosis to di�use visceral pleural thickening although this 
is not clearly de�ned.

Chest radiography

McLoud et al.131 de�ne the radiographic appearance as a 
smooth, uninterrupted pleural density extending over at 
least one-fourth of the chest wall, o�en as a subtle increase 
in radiographic density, with or without costophrenic angle 

obliteration. McLoud et al. do not di�erentiate di�use 
 visceral pleural thickening on CXR from extensive plaques 
causing pleural thickening, but the American �oracic 
Society di�erentiates the etiology and importance of pleu-
ral thickening by including blunting of the costophrenic 
angle as a required criteria in the CXR diagnosis of di�use 
 visceral pleural thickening (Figure 15.10).

Computed tomography

It is easier on CT to di�erentiate extensive plaques causing 
pleural thickening from di�use visceral pleural thicken-
ing, plaques even when extensive having steeper shoul-
ders than the sloping shoulders of di�use visceral pleural 
thickening. Lynch et al. de�ne di�use pleural thickening 
on CT as a  continuous sheet of pleural thickening more 
than 5 cm wide, more than 8 cm in craniocaudal extent, 
and more than 3  mm thick. It a�ects the posterior and 
posteromedial pleura over the lower lobes and is o�en 
associated with rounded atelectasis.116 �is de�nition may 
be applied to either etiology but does of itself not de�ne 
the cause. �ickening of the visceral pleura may be identi-
�ed on HRCT and MSCT as an extension of subpleural 
�brosis and appears irregular in outline, and it is com-
monly associated with small pleuroparenchymal �brous 
bands, sometimes called “crow’s feet” (Figure 15.11). It 
may also be possible to identify a thin layer of pleural �uid 
between the two thickened pleural layers. As mentioned 
earlier in this chapter, the degree of di�use visceral pleural 
thickening seen on CT has been shown to correlate with 
the restrictive defect measured on pulmonary function 
testing. In addition, it is possible to assess the degree of 
impairment in lung function secondary to both the pleu-
ral thickening and the emphysema very commonly seen in 
these patients.132

 DIFFUSE BENIGN PLEURAL THICKENING: 
NONASBESTOS RELATED

Chest radiography

�e radiographic appearance o�en re�ects the underly-
ing etiology, such as post-thoracotomy or post-traumatic. 
Patients with prior tuberculous empyema may well have 
extensive unilateral pleural calci�cation, thickening, and 
evidence of prior pulmonary parenchymal disease. In gen-
eral, the CXR changes are unilateral, characteristically 
a�ect the lateral and posterior costophrenic recesses, and 
appear as smooth, o�en angular thickening compared with 
the more gentle curvilinear appearance of pleural �uid 
(Figure 15.26a). US may help to con�rm pleural thickening 
in comparison to �uid but is insensitive to small volumes of 
thickening, and if doubt persists CT should be performed. 
En face extensive pleural thickening produces a veil-like 
increase in radio-opacity, o�en with poorly de�ned mar-
gins and extending across �ssures. In pro�le, a thickened 
pleural rim may be identi�ed.

Figure 15.25 Moderate right pleural effusion with large 
subcarinal node (arrow) in patient with Hodgkin’s disease.
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A�er pleurodesis, the CXR may demonstrate varying 
degrees of pleural thickening and pleural �uid dependent 
on the agent used, the success of the procedure, and the 
underlying disease process requiring pleurodesis.

Ultrasound

Pleural thickening is poorly identi�ed on US and cannot be 
reliably identi�ed until greater than 1 cm in depth.10 �e 
thickening may be echogenic, indistinguishable from extra-
pleural fat, and not identi�ed because of the normally bright 
lung–pleural interfaces.

Computed tomography

HRCT or MSCT may be used to assess pleural thickening 
(Figure 15.26b). Contrast enhancement in the absence of 
pleural �uid is not necessary. HRCT or MSCT should be 

performed in assessing asbestos-related disease (see ear-
lier) and may also be required to clarify equivocal �ndings 
on conventional CT. �e pleural thickening is seen as an 
increase in so� tissue at the lung–pleural interface. As with 
pleural plaques, pleural thickening is best assessed inside 
the ribs, where there should be no discernible so� tissue, 
and in the paravertebral space.

A�er pleurodesis, the CT appearance will again re�ect 
the agent used, as with the CXR appearance. If performed 
using talc and for malignancy, CT demonstrates a char-
acteristic talc “sandwich,” with so� tissue parietal pleural 
thickening, high attenuation talc, and then increased so� 
tissue visceral pleural thickening (Figure 15.27).133 A�er talc 
pleurodesis has also been reported to be responsible for false 
positive results on PET/CT scanning134,135 (see later).

 DIFFUSE PLEURAL THICKENING: 
APICAL PLEURAL CAP

Apical pleural thickening is a frequent �nding on CXR and 
is o�en idiopathic. It is usually a homogeneous so� tissue 
opacity, which extends to the lung apex. �e caudal margin is 
clearly de�ned but may be smooth, curvilinear, or undulating, 
o�en with a minor amount of adjacent parenchymal distor-
tion. Apical pleural thickening may be unilateral or bilateral 
and, if bilateral, o�en asymmetric. Its frequency increases with 
age, occurring in approximately 5% of adults up to 45 years of 
age and in 15% over 45 years of age.136 CT demonstrates that 
the majority of the cap, if associated with prior tuberculosis, is 
secondary to an increase in apical extrapleural fat.137

It is important to distinguish benign apical pleural thick-
ening from a Pancoast tumor.138 Malignant thickening is 
asymmetrical, usually of greater thickness than benign 
disease may have associated bone destruction and is com-
monly associated with pain. CT of malignant apical disease 
demonstrates so� tissue, possibly with extrapleural exten-
sion and/or bone destruction. MRI is of value in  detecting 

Figure 15.27 High-resolution talc shown after pleurodesis 
on computed tomography to be sandwiched between 
visceral and parietal pleural thickening (arrow).

Figure 15.26 (a) Diffuse bilateral angular pleural thicken-
ing on chest radiography  (arrows). (b) Diffuse extensive 
pleural thickening on computed tomography extending 
up to the posterior mediastinal surfaces bilaterally but not 
onto them (arrows).

(a)

(b)
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 subtle  extrapleural extension; the apical tissue may enhance 
postgadolinium and have increased T2 or STIR signal. 
PET-CT scanning may be of value in di�erentiating benign 
from malignant pleural thickening (Figure 15.12) and is 
particularly useful in detecting either residual disease or 
tumor relapse in an area of apical pleural thickening a�er 
radiotherapy.100

 DIFFUSE MALIGNANT PLEURAL 
THICKENING

Chest radiography

Patients presenting with unilateral pleural thickening may 
give a clear clinical history suggestive of malignancy. In 
most instances this will correspond to a CXR appearance 
of lobular or nodular pleural thickening that may extend 
into the  adjacent �ssures and may have adjacent parenchy-
mal  distortion. �e appearance of a decrease in size of the 
 hemithorax is characteristic but not diagnostic for mesothe-
lioma (see Chapter 38, “Mesothelioma”) (Figure 15.28).139 
�e  di�erentiation of malignant mesothelioma from other 
malignant cases may also be suggested on clinical grounds 
or from associated radiographic features such as pleural 
plaques or asbestosis.91

Computed tomography and magnetic 
resonance imaging

Spiral CT should be performed to assess the pleural thick-
ening and also to assess the lungs and mediastinum. In 
di�erentiating malignant from benign pleural thickening 
the most  useful CT signs are the following: circumferen-
tial thickening (100% speci�city), nodularity (94% speci-
�city), parietal pleural thickening >1 cm (94% speci�city), 
and mediastinal pleural involvement (88% speci�city) 
(Figure 15.29).95 Using these CT features and cutting needle 
biopsy provided a positive and negative predictive value 
of 100%.140 It has, however, been shown that the presence 
of circumferential pleural thickening in the presence of a 
pleural e�usion is less speci�c for malignancy.84 A num-
ber of reports suggest that MRI may be of value in help-
ing  di�erentiate benign from malignant disease (Figure 
15.30).17,141 �e use of contrast-enhanced fat-saturated T1 
sequences appears helpful in di�erentiating disease eti-
ology, in particular, by assessing focal thickening and 
enhancement of interlobar �ssures.

Positron emission tomography

�ere are increasing numbers of reports on the use of 
18 FDG PET/CT in the assessment of pleural malignancy 
(see  earlier). PET/CT may be of value in this since it cor-
rectly identi�ed all 16 cases of malignancy in one series 
with only two false  positives101 and had an accuracy of 
92% in another series.103 It is  worth remembering that 
any cause of  signi�cantly  metabolically active disease 
may result in increased 18FDG activity and this is perhaps 

best illustrated in the increased activity seen in patients 
a�er talc pleurodesis (Figure 15.13).134,135 It may also be 
used to identify areas suitable for biopsy (Figure 15.14).  
More recently new tracers are being investigated in pleu-
ral malignancy and mesothelioma, which target  cellular 
proliferation, FLT and hypoxia, F-miso, although both 
remain experimental agents at present.

MALIGNANT MESOTHELIOMA

Chest radiography

�e most common �ndings of di�use malignant meso-
thelioma (see Chapter 41, “Malignant mesothelioma”) are 
irregular, nodular opacities around the periphery of the 

Figure 15.28 Chest radiography demonstrating character-
istic decrease in size of right hemithorax due to extensive 
mesothelioma.

Figure 15.29 Markedly thickened, >1 cm, circumferential 
malignant pleural thickening on contrast-enhanced com-
puted tomography.
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lung (Figure  15.15) with or without an associated pleu-
ral e�usion.142,143 �e e�usion is usually unilateral and is 
present in 60% of patients, with only 5% of patients having 
bilateral disease.144 �e e�usion may obscure underlying 
pleural masses until thoracentesis is performed. �e e�u-
sion is characteristically not associated with contralateral 
shi� of the mediastinum because of lung encasement by the 
pleural tumor. �e mediastinum is either centrally located 
or may be shi�ed toward the a�ected side.139 However, 
large e�usions may be associated with contralateral shi� 
of the mediastinum. Volume loss on the a�ected side may 
be  demonstrated by narrowing of the intercostal spaces, 

elevation of the hemidiaphragm, or ipsilateral shi� of the 
mediastinum (Figure 15.16). Pleural masses without an 
associated e�usion are seen in less than 25% of patients on 
their initial radiograph.95

Evidence of previous asbestos exposure may also be 
apparent on the radiograph, especially the presence of 
benign calci�ed or noncalci�ed pleural plaques. However, 
only 20% of patients have radiographic evidence of intersti-
tial disease or asbestosis.144 Rib destruction is uncommon 
and mostly only seen in the advanced stages of the disease.142

Computed tomography

Several studies have shown that CT is superior to 
 radiography in the assessment of the presence and extent 
of mesothelioma. �e CT �ndings of mesothelioma include 
pleural thickening in 90%, extending into the interlobular 
�ssures in 90%, pleural e�usion in 70%, loss of volume of 
the a�ected hemithorax in 40%, pleural calci�cation in 20%, 
and invasion of the chest wall in up to 20% of patients.145

�e CT features suggestive of mesothelioma are similar to 
other causes of pleural malignancy described earlier. However, 
the presence of calci�cation within the pleural thickening 
suggests a benign process, with 10% of patients with mesothe-
lioma having evidence of pleural calci�cation compared with 
up to 50% of patients with benign pleural thickening.146

Although volume loss is o�en seen in mesothelioma, it 
is a relatively nonspeci�c �nding, since it is seen in both 
benign and malignant diseases.142,145

A benign pleural e�usion (see Chapter 37, “Asbestos-
related pleural diseases”) may also occur in up to 3% of the 
asbestos-exposed population. �e e�usion is usually uni-
lateral and other manifestations of asbestos-related disease 
may be present. Di�erentiation of a benign asbestos e�u-
sion and asbestos-related mesothelioma can be di�cult, but 
benign asbestos-related disease tends to be a symmetrical 
process and, on CT, pleural involvement is bilateral in most 
patients.98 Also, as previously described, malignant pleural 
disease tends to involve the entire pleural surface, whereas 
benign disease does not involve the mediastinal pleura.98

Di�erentiation of mesothelioma from metastatic disease 
is limited radiologically. �e presence of hilar adenopa-
thy is more common in metastatic disease.98,147 True hilar 
 involvement with no mediastinal involvement is rare in met-
astatic pleural disease except for bronchogenic carcinoma, 
 lymphoma, and renal cell carcinoma. Unfortunately, the ten-
dency for mesothelioma to involve the inferior hemithorax 
appears nonspeci�c.98 Rib destruction and chest wall inva-
sion are also good indicators of malignancy. Although rarely 
seen, infections such as actinomycosis, tuberculosis, and 
nocardiosis may cause rib destruction but o�en at a single 
site rather than the multiple sites o�en seen in malignancy.

CT not only has an important role in diagnosis and staging 
but also in follow-up.148 �e advent of new e�ective chemother-
apeutic agents means that the assessment of tumor response 
is now an important criteria for both continuing chemother-
apy and the evaluation of new therapies. Tumor response is 

(a)

(b)

Figure 15.30 Coronal magnetic resonance imaging 
sequences pre-(T1) (a) and postgadolinium (fat-saturated 
T1) (b), demonstrating the avid enhancement of right-
sided pleural malignancy (arrow).
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assessed using contrast-enhanced CT and may be evaluated 
using either the World Health Organization149 assessment 
criteria or now more commonly the modi�ed Response 
Evaluation Criteria in Solid Tumors (RECIST 1.1) guide-
lines.150,151 Di�culties in accurate measurement of pleural 
thickening on CT, and in accurately measuring the same area 
of thickening on sequential scans, make the measurements 
less reliable than in other organs. Interobserver variability is a 
further confounding factor and the use of automated or semi-
automated so�ware may produce more consistent methods 
for measurement in the future.148

Magnetic resonance imaging

Along with CT, MRI allows clear visualization of the cir-
cumferential pleural thickening, �ssural thickening, pleural 
e�usion, and diaphragmatic invasion. �e full extent of the 
tumor may be readily assessed on coronal and sagittal images. 
Mesothelioma returns an intermediate signal on T1-weighted 
images and an increased signal relative to the chest wall 

musculature on T2-weighted images17; it may also show avid 
pleural enhancement on T1-weighted sequences postgadolin-
ium, and this may be of value in di�erentiating benign from 
malignant disease.17,141 Additional �ssural and diaphragmatic 
invasion detected by MRI appears reliable in di�erentiating 
mesothelioma from other causes of malignant pleural thick-
ening.141 Although MRI o�ers no apparent advantages over 
contrast-enhanced MSCT in staging disease,152 when per-
formed as a dynamic contrast-enhanced examination it may 
be of value in predicting response to chemotherapy, although 
PET-CT may also be of value in this regard (see below).

 Positron emission tomography 
combined with CT

Although PET-CT is not routinely used in the  investigation 
of mesothelioma, it has been shown to be of value 
in  providing prognostic information and assessing 
response to  chemotherapy in patients with mesothelioma 
(Figure  15.31).153 Tumors with a low standardized uptake 

 

Figure 15.31 (a) Positron emission tomography (PET) scan and (b) PET-computed tomography (CT) scan  demonstrating 
high-grade fluorodeoxyglucose (FDG) activity (arrowed) in sarcomatoid mesothelioma, with circumferential  pleural 
 thickening. (c) PET scan and (d) integrated PET-CT scan demonstrating epithelioid mesothelioma (arrowed), with 
 low-grade FDG activity, associated with pleural effusion.

(a) (b)

(c) (d)
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value are more likely to be epithelioid and to have a  better 
prognosis. A new semiquantitative measure of tumor activ-
ity, the total glycolytic volume (TGV) has been shown to 
be a more accurate measure of tumor activity, prognosis, 
and therapy response. A reduction in metabolic activ-
ity, TGV, a�er chemotherapy correlates with an increased 
time to progression and increased survival. �e pattern 
and measurement of metabolic activity may also correlate 
with the surgical stage. It may also be more accurate than 
the other imaging modalities in detecting distant metastatic 
disease.154 In a study of 29 patients, PET-CT detected addi-
tional metastatic disease not identi�ed on clinical examina-
tion and CT scanning in 7 of 29 patients.154

STAGING OF MESOTHELIOMA

Using the recent international TNM staging system pro-
posed by the International Mesothelioma Interest Group, 
the CT and MR criteria for RESECTABILITY are as follows:

 1. Preserved extrapleural fat planes
 2. Normal CT attenuation values and MR signal intensity 

characteristic of structures adjacent to the tumor
 3. Absence of extrapleural so� tissue masses
 4. Smooth inferior diaphragmatic surface

�e imaging criteria for UNRESECTABILITY are as 
follows:

 1. Tumor encasement of the diaphragm
 2. Invasion of the extrapleural fat or so� tissues
 3. Involvement of the ribs or bone destruction
 4. Invasion of mediastinal structures

CT and MR cannot easily distinguish between stages 
T1a, T1b, and T2 as they cannot easily distinguish the pari-
etal and visceral pleura or detect diaphragmatic muscle 
invasion. �ey can, however, enable distinction of stage 3 
from stage 4.155,156

AIR

PNEUMOTHORAX

Chest radiography

�e majority of pneumothoraces are identi�ed on a stan-
dard PA CXR taken on inspiration.157,158 Routinely, only 
inspiratory radiographs are recommended for the initial 
examination. If, however, the pneumothorax is not de�-
nitely seen on the inspiratory �lm, then an expiratory �lm 
although not commonly performed may help to con�rm 
it159 as the constant volume of the pneumothorax is accen-
tuated by an overall reduction in the size of the hemithorax 
on expiration.

�e radiographic diagnosis of a pneumothorax is based 
on the identi�cation of a visceral pleural line separated 
from the parietal pleura by a radiolucent airspace, dem-
onstrated by the absence of pulmonary vessels beyond 
the visceral line. Free air moves preferentially to the less 
dependent pleural spaces, and in the upright patient tends 
to accumulate in an apicolateral location. �e underlying 
etiology of primary spontaneous pneumothorax is demon-
strated in the  minority (15%) of patients.160 �e etiology of 
secondary spontaneous pneumothorax is more frequently 
demonstrated.

Curvilinear opacities projected over the chest from 
gowns, skinfolds, or hair may mimic the visceral pleural 
 surface. Following such a line outside the bony thorax is 
helpful to elucidate the cause, as is looking for vessels lateral 
to it. Visceral pleura tends to be well delineated and very 
thin, whereas skinfolds are more band-like, with a slight 
increase in attenuation medially, and have a well-de�ned 
lateral  border.161 �e translucency adjacent to a skin fold is 
due to a visual phenomenon known as the Mach e�ect.162 
Care must be taken not to mistake a bulla or cyst for a 
pneumothorax (Figure 15.32). �ese tend to have medially 
concave surfaces and may be clearly limited to a lobe.163 
A lateral �lm is o�en helpful in con�rming this.

Pneumothoraces are less readily demonstrated on a lat-
eral �lm and usually manifest as an anterior or posterior 
line, and a lateral �lm should not be routinely performed.164 
Supine chest radiographs are insensitive in the detection of 
pneumothorax and detection depends to a great extent on 
the size of the pneumothorax.165,166 Various features have 
been described to aid the detection of a pneumothorax in 
the supine patient (Figure 15.33).167–170 �e air is most o�en 
seen in an anteromedial and subpulmonary location. It is 
o�en seen as a lucent focus adjacent to the diaphragm, along 
the juxtacardiac region and extending into the lateral cos-
tophrenic recess: the “deep sulcus” sign.171 �e hemithorax, 
or part of it, may appear of increased translucency and the 
mediastinal margin may appear sharp.

If �uid as well as air is present in the pleural space, then 
an air–�uid level is produced (Figure 15.34). �is is clearly 
seen on an erect �lm. If the patient is supine the diagnosis 
is more di�cult.

A pneumothorax is considered to be under tension when 
the pressure in the pleural space exceeds atmospheric pres-
sure. �e signs of a tension pneumothorax include diaphrag-
matic inversion, displacement of the anterior junctional line 
to the contralateral side, or displacement of the azygoesoph-
ageal recess (Figure 15.35). In addition, the heart border and 
other vascular structures are seen to be �attened.172

Ultrasound

As described in the section on normal US of the pleura, 
“comet tails” and the “lung sliding” sign are seen in 
the normal patient.10,34 �e presence of a pneumotho-
rax is characterized by a lack of respiratory motion and 
a strongly echogenic interface lacking the “comet tail” 
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artifacts. Using  post-lung-biopsy patients, US has been 
shown to be more sensitive than CXR in the detection of a 
 pneumothorax.34,35 It has also been shown to be false posi-
tive in patients with impaired lung function, in particular 

in patients with chronic obstructive pulmonary disease.173 
�e increasing availability of US and its use by physicians 
has increased its use in the identi�cation of pneumotho-
races a�er insertion of central venous catheters, and its 
use in identi�cation of pneumothoraces in patients on 

(a)

(b)

Figure 15.32 Left upper lobe bulla on chest radiogra-
phy (arrow), (a) readily differentiated from an apical left 
pneumothorax with abnormal lung (arrow) by its concave 
surface (b).

Figure 15.33 Supine left pneumothorax on chest 
 radiography, seen lying in an apical and anteromedial 
location (arrows).

Figure 15.34 Large right hydropneumothorax identified 
on chest radiography by the straight line of the air–fluid 
level (arrow).

Figure 15.35 Right-sided tension pneumothorax on chest 
radiography with mediastinal shift and depression of the 
hemidiaphragm.
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ICU and in Emergency departments. Because of the false 
positive rate, and  inability to determine the volume of the 
pneumothorax care must be taken to ensure that it is only 
used by experienced trained physicians in these settings. 
In these patients, pneumothorax detection is di�cult on a 
supine radiograph, and although US may be used on these 
patients in the �rst instance and prior to performing a 
CXR, a pneumothorax is most accurately identi�ed on a 
CT scan.165,166

Computed tomography

CT is signi�cantly more sensitive than CXR in the detection 
of pneumothoraces, with between 25% and 40% of patients 
with a pneumothorax post-lung-biopsy not detected by 
CXR but present on CT (Figure 15.36).158 Several stud-
ies have also shown that CT is superior to a supine radio-
graph in the detection of a pneumothorax, with up to 50% 
of  pneumothoraces detected only by CT.158,165,174 In those 
patients where the pneumothorax is secondary to trauma, 
CT scanning may also demonstrate other signs such as 
parenchymal contusion, in�ltrates, pneumatoceles, and 
pericardial e�usion.

CT is very sensitive in the detection of underlying 
causes of secondary nontraumatic pneumothoraces such 
as apical bullae and blebs, emphysema, and bronchiecta-
sis (Figure  15.17). It may also detect less common causes 
of secondary pneumothorax such as cavitating pulmonary 
metastases.

BRONCHOPLEURAL FISTULA

Chest radiography

�e radiographic features commonly re�ect the underly-
ing etiology (e.g., postpneumonectomy, empyema, etc.). If 
a bronchopleural �stula arises as a complication following a 
recent pneumonectomy, several signs are demonstrated on 
the CXR. �ese include an increase in the amount of air in 
the operated hemithorax, a decreased amount of �uid, loss 
of the normal mediastinal shi� toward the operated side 
and, occasionally, an aspiration pneumonitis. �e clinico-
radiographic features usually enable a diagnosis. If clinical 
doubt persists, then CT175 or ventilation scanning may be 
diagnostic (Figure 15.37).176

Computed tomography

CT is the optimal way of demonstrating the communica-
tion between the lung or airway and the pleural space. �in-
section CT may be required to determine the location, size, 
and number of �stulas.175 In addition to demonstrating �s-
tulas, CT may provide additional diagnostic information 
such as tumor recurrence.

FUTURE DIRECTIONS

�e proven value of US and CT in the assessment of patients 
with pleural disease has inevitably led to an increase 
in their clinical use. �e decreased cost of portable US 
machines and formalized physician training programmes 
has led to an explosion in its use and a move away from 
its provision by radiologists. US will in the future be used 
by physicians to continually assess the need for and e�ects 
of therapies such as �brinolysis in pleural infection and 
pleurodesis in malignant e�usions. It will be used more 
frequently to assess malignant chest wall invasion and to 
guide physician performed procedures, both drain inser-
tion and biopsies. CEUS will be used to di�erentiate the 
etiology of pleural disease and masses abutting the chest 
wall, and newer labeled US contrast agents will be devel-
oped to help guide therapies in patients with malignant 
pleural disease.

�e advent of MSCT has enabled CT scans to be per-
formed on patients previously thought un�t to scan, and 

Figure 15.36 Small right-sided pneumothorax seen on 
computed tomography (arrows) but not visible on chest 
radiography.

Figure 15.37 Postpneumonectomy right-bronchopleural 
fistula shown on computed tomography (arrow).
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advances in scanning technique will enable perfusion CT to 
be performed in pleural malignancy guiding therapies and 
assessing disease response.

�e advent of PET-CT has also opened the door to the 
use of PET scanning in patients with pleural malignancy 
and the advent of trials with new tracers measuring more 
than just glucose metabolism will enable cellular prolifera-
tion, tumor hypoxia and apoptosis, and other markers of 
tumor activity to be assessed.

Increasingly US, MSCT, and PET-CT are being used not 
only in diagnosis and staging but also to guide therapeutic 
decisions and are being investigated as surrogate markers of 
function and morphology. It is perhaps their role as surro-
gate biomarkers of disease that is the next and most exciting 
step in their use.

REFERENCES

 1. Moskowitz H, Platt RT, Schacher R, Mellins H. 
Roentgen visualization of minute pleural effusion. 
Radiology. 1973;109:33–35.

 ♦2. Patel MC, Flower CDR. Radiology in the 
 management of pleural disease. Eur Radiol. 
1997;7:1454–1462.

 ♦3. Sahn SA. The pleura. Am Rev Respir Dis. 
1988;138:184–234.

 4. Woodring JH. Recognition of pleural  effusion 
on supine radiographs. Am J Roentgenol. 
1984;142:59–64.

 5. Ding W, Shen Y, Yang J, He X, Zhang M. 
Diagnosis of pneumothorax by radiography 
and  ultrasonography: A meta-analysis. Chest. 
2011;140:859–866.

 6. Volpicelli G, Elbarbary M, Blaivas M et al. 
Intervational evidence-based recommendations for 
point-of-care lung ultrasound. Intensive Care Med. 
2012;38:577–591.

 7. Koenig SJ, Narasimhan M, Mayo PH. Thoracic 
ultrasonography for the pulmonary specialist. Chest. 
2011;140:1332–1341.

 8. Havelock T, Teoh R, Laws D, Gleeson F. Pleural 
procedures and thoracic ultrasound: British Thoracic 
Society pleural disease guideline 2010. Thorax. 
2010;65(Suppl 2):ii61–ii76.

 9. The Royal College of Radiologists. Ultrasound 
Training and Recommendations for Medical and 
Surgical Specialties. 2nd ed. London: The Royal 
College of Radiologists; 2012.

 ♦10. Wernecke K. Sonographic features of pleural 
 disease. Am J Roentgenol. 1997;168:1061–1066.

 ♦11. McLoud TC, Flower CDR. Imaging the pleura: 
Sonography, CT, and MR imaging. Am J Roentgenol. 
1991;156:1145–1153.

 12. Gorg C, Bert T, Gorg K. Contrast-enhanced 
 sonography for differential diagnosis of pleurisy 
and focal pleural lesions of unknown cause. Chest. 
2005;128:3894–3899.

 13. Fishman EK, Jeffrey RB. Spiral CT. Principles, 
Techniques and Clinical Applications. Philadelphia, 
PA: Lippincott-Raven; 1996.

 14. Hooper C, Laurence I, Harvey J et al. The role of 
CT pulmonary angiography in the  investigation 
of  unilateral pleural effusions. Respiration. 
2014;87(1):26–31.

 ♦15. Knisely BL, Kuhlman JE. Radiographic and CT 
imaging of complex pleural disease. Crit Rev Diagn 
Imaging. 1997;38:1–58.

 16. Copley SJ, Well AU, Rubens MB et al. Functional 
consequences of pleural disease evaluated 
with chest radiography and CT. Radiology. 
2001;220:237–243.

 17. Helm EJ, Matin TN, Gleeson FV. Imaging 
of the pleura. J Magn Reson Imaging. 
2010;32(6):1275–1286.

 ♦18. Knisely BL, Broderick LS, Kuhlman JE. MR imaging 
of the pleura and chest wall. MRI Clin North Am 
2000;8:125–141.

 ♦19. White CS. Magnetic resonance imaging of the chest. 
Respir Care. 2001;46:922–931.

 ♦20. Schmutz GR, Fisch-Ponsot C, Regent D, Sylvestre J.  
Computed tomography and magnetic resonance 
imaging of pleural masses. Crit Rev Diagn Imaging. 
1993;34:309–383.

 ●21. Falaschi F, Battolla L, Mascalchi M et al. Usefulness 
of MR signal intensity in distinguishing benign 
from malignant pleural disease. Am J Roentgenol. 
1996;166:963–968.

 22. Giesel FL, Bischoff H, von Tengg-Kobligk H et al. 
Dynamic contrast-enhanced MRI of  malignant 
pleural mesothelioma: A feasibility study of 
 noninvasive assessment, therapeutic follow-up, and 
possible predictor of improved outcome. Chest. 
2006;129:1570–1576.

 23. Von Schulthess GK, Steinert HC, Hany TF. Integrated 
PET/CT: Current applications and future directions. 
Radiology. 2006;238:405–422.

 ♦24. Goldsmith SJ, Kostakoglu L. Nuclear medicine 
imaging of lung cancer. Radiol Clin North Am. 
2000;38:511–524.

 25. Duysinx B, Nguyen D, Louis R et al. Evaluation 
of pleural disease with 18-fluorodeoxyglucose 
positron emission tomography imaging. Chest. 
2004;125:489–493.

 26. Speckman JM, Gamsu G, Webb WR. Alterations 
in CT mediastinal anatomy produced by an azygos 
lobe. Am J Roentgenol. 1981;137:47–50.

 27. Godwin JD, Tarver RD. Accessory fissures of the 
lung. Am J Roentgenol. 1985;144:39–47.

 28. Raasch BN, Carsky EW, Lane EJ, O’Callaghan JP,  
Heitzman ER. Pleural effusion: Explanation of 
some typical appearances. Am J Roentgenol. 
1982;139:899–904.

 29. Proto AV, Ball JB. The superolateral major fissures. 
Am J Roentgenol. 1983;140:431–437.



 References 205

 30. Austin JHM. The left minor fissure. Radiology. 
1986;161:433–436.

 31. Fraser RG, Muller NL, Colman N, Pare PDL. 
Diagnosis of Diseases of the Chest. 4th ed. 
Philadelphia, PA: WB Saunders Co; 1999.

 32. Armstrong P, Wilson AG, Dee P et al. Imaging of 
Diseases of the Chest. 3rd ed. London: Mosby; 
2000.

 33. Cimmono CV. The oesophageal–pleural stripe: An 
update. Radiology. 1981;140:607–613.

 34. Goodman TR, Traill ZC, Phillips AJ, Berger J, 
Gleeson FV. Ultrasound detection of pneumothorax. 
Clin Radiol. 1999;54:736–739.

 35. Sistrom CL, Reiheld CT, Gay SB, Wallace KK. Detection 
and estimation of the volume of  pneumothorax using 
real-time  sonography: Efficacy determined by receiver 
 operating  characteristic analysis. Am J Roentgenol. 
1996;166:317–321.

 35. Lichtenstein DA, Menu Y. A bedside ultrasound sign 
ruling out pneumothorax in the critically ill. Lung 
sliding. Chest. 1995;108:1345–1348.

 ●36. Wernecke K, Galanski M, Peters PE et al. 
Pneumothorax: Evaluation by  ultrasound-preliminary 
results. Thorac Imaging. 1987;2:76–78.

 37. Targhetta R, Bourgeois JM, Chavagneux R et al. 
Ultrasonic signs of pneumothorax: Preliminary work. 
J Clin Ultrasound. 1993;21:245–250.

 38. Ueki J, De Bruin PF, Pride NB. In vivo assessment 
of diaphragm contraction by ultrasound in normal 
subjects. Thorax. 1995;50:1157–1161.

 39. McCool FD, Benditt JO, Conomos P et al. 
Variability of diaphragm structure among 
healthy individuals. Am J Respir Crit Care Med. 
1997;155:1323–1328.

 40. Proto AV, Ball JB. Computed tomography of 
the major and minor fissures. Am J Roentgenol. 
1983;140:439–448.

 41. Marks BW, Kuhns LR. Identification of the pleural 
fissures with computed tomography. Radiology. 
1982;143:139–141.

 42. Webb RW, Muller NL, Naidich DP. High resolution 
CT of the lung. 2nd ed. Philadelphia, PA: Lippincott, 
Williams and Williams; 1996.

 43. Hermanova Z, Ctvrtlik F, Herman M. Incomplete 
and accessory fissures of the lung evaluated by  
high-resolution computed tomography. European 
Journal of Radiology. 2014;83:595–599.

 44. Cronin P, Gross BH, Kelly AM, Patel S, 
Kazerooni EA, Carlos RC. Normal and accessory 
fissures of the lung: Evaluation with contiguous 
 volumetric thin-section multidetector CT. Eur J 
Radiol. 2010;75:e1–e8.

 45. Im J-G, Webb WR, Rosen A, Gamsu G. Costal 
pleura: Appearances at high-resolution CT. 
Radiology. 1989;171:125–131.

 46. Vix VA. Extrapleural costal fat. Radiology 
1974;112:563–565.

 47. Sargent EN, Boswell WD, Ralls PW, Markovitz A. 
Subpleural fat pads in patients exposed to  asbestos: 
Distinction from noncalcified pleural plaques. 
Radiology. 1984;152:273–277.

 48. Helm E, Rahman N, Talakoub O, Fox D, Gleeson FV. 
Course and variation of the Intercostal artery by CT 
scan. Chest. 2013;143(3):634–639.

 49. Koyanagi T, Kawaharda N, Kurimoto Y, Ito T, 
Baba T, Nakamura M. Examination of intercostal 
arteries with transthoracic Doppler sonography. 
Echocardiography. 2010;27:17–20.

 50. Collins JD, Burwell D, Furmanski S, Lorber P, 
Steckel RJ. Minimal detectable pleural effusions. 
Radiology. 1972;105:51–53.

 51. Blackmore CC, Black WC, Dallas RV, Crow HC. 
Pleural fluid volume estimation: A chest radiograph 
prediction rule. Acad Radiol. 1996;3:103–109.

 52. Davis S, Gardner Q. The shape of a pleural effusion. 
Br Med J. 1963;26:436–437.

 ♦53. Henschke CI, Davis SD, Romano PM, Yankelevitz DF. 
Pleural effusions: Pathogenesis, radiologic 
 evaluation, and therapy. J Thorac Imaging. 
1989;4:49–60.

 54. Oestreich AE, Haley C. Pleural effusion: The thorn 
sign. Chest. 1981;79:365–366.

 ♦55. Fleischner FG. Atypical arrangement of free pleural 
effusion. Radiol Clin North Am. 1963;1:347–362.

 56. Maher GG, Berger HW. Massive pleural effusion: 
Malignant and non-malignant causes in 46 patients. 
Am Rev Respir Dis. 1972;105:458–460.

 57. Liberson M. Diagnostic significance of the 
 mediastinal profile in massive unilateral pleural 
 effusions. Am Rev Respir Dis. 1963;88:176–180.

 58. Mulvey RB. The effect of pleural fluid on the 
 diaphragm. Am J Roentgenol. 1965;84:1080–1085.

 59. Yousef MMA. Case of the fall season. Semin 
Roentgenol. 1980;15:269–271.

 60. Ruskin JA, Gurney JW, Thorsen MK, Goodman LR. 
Detection of pleural effusions on supine chest 
 radiographs. Am J Roentgenol. 1987;148:681–683.

 61. Petersen JA. Recognition of infrapulmonary pleural 
effusion. Radiology. 1960;74:34–41.

 62. Schwartz MI, Marmorstein BL. A new radiologic sign 
of subpulmonic effusion. Chest. 1975;67:176–718.

 63. Lipscomb DJ, Flower CDR, Hadfield JW. Ultrasound 
of the pleura: An assessment of its clinical value. Clin 
Radiol. 1981;32:289–290.

 64. Hirsch JH, Rogers JV, Mack LA. Real-time 
 sonography of pleural opacities. Am J Roentgenol. 
1981;136:297–301.

 65. Yang P-C, Luh K-T, Chang D-B, Wu C-J, Kuo S-H. 
Value of sonography in determining the nature 
of pleural effusion: Analysis of 320 cases. Am J 
Roentgenol. 1992;159:29–33.

 66. Qureshi NR, Rahman NM, Gleeson FV. Thoracic 
ultrasound in the diagnosis of malignant pleural 
 effusion. Thorax. 2009;64(2):139–143.



206 Radiology: Diagnostic

 67. Lomas DJ, Padley SG, Flower CDR. The  sonographic 
appearances of pleural fluid. Br J Radiol. 
1993;66:619–624.

 68. Chian CF, Su WL, Soh LH et al. Echogenic  swirling 
pattern as a predictor of malignant pleural 
 effusions in patients with malignancies. Chest. 
2004;126:129–134.

 69. Marks WM, Filly RA, Callen PW. Real-time  evaluation 
of pleural lesions: New observations regarding 
the probability of obtaining free fluid. Radiology. 
1982;142:163–164.

 70. Tu CY, Hsu WH, Hsia TC et al. Pleural effusions in 
febrile medical ICU patients: Chest ultrasound study. 
Chest. 2004;126:1274–1280.

 71. Brutsche MH, Tassi GF, Gyorik S et al. Treatment of 
sonographically stratified multiloculated  thoracic 
empyema by medical thoracoscopy. Chest. 
2005;128:3303–3309.

 72. Wu RG, Yang PC, Kuo SH, Luh KT. ‘Fluid color’ sign: 
A useful indicator for discrimination between pleural 
thickening and pleural effusion. J Ultrasound Med. 
1995;14:767–769.

 73. Wu RG, Yuan A, Liaw YS et al. Image  comparison of 
real-time gray-scale ultrasound and color  doppler 
ultrasound for use in diagnosis of  minimal pleural effu-
sion. Am J Respir Crit Care Med. 1994;150:510–514.

 74. Mayo PH, Dolken P. Pleural ultrasonography. Clin 
Chest Med. 2006;27:215–227.

 75. Eibenberger KL, Dock WI, Ammann ME et al. 
Quantification of pleural effusions: Sonography 
 versus radiography. Radiology. 1994;191:681–684.

 76. Roch A, Bojan M, Michelet P et al. Usefulness of 
ultrasonography in predicting pleural effusions  
>500 mL in patients receiving mechanical ventilation. 
Chest. 2005;127:224–232.

 77. Zhu Z, Donnelly E, Dikensoy O et al. Efficacy of 
ultrasound in the diagnosis of pleurodesis in rabbits. 
Chest. 2005;128:934–939.

 78. Bressler EL, Francis IR, Glazer GM, Gross BH. Bolus 
contrast medium enhancement for distinguishing 
pleural from parenchymal lung disease: CT features. 
J Comput Assist Tomogr. 1987;11:436–440.

 79. Teplick JG, Teplick SK, Goodman L, Haskin ME. The 
interface sign: A computed tomographic sign for 
distinguishing pleural and intra-abdominal fluid. 
Radiology. 1982;144:359–362.

 80. Dwyer A. The displaced crus: A sign for 
 distinguishing between pleural fluid and ascites on 
computed tomography. J Comput Assist Tomogr. 
1978;2:598–599.

 81. Kearney SE, Davies CWH, Davies RJO, Gleeson FV. 
Computed tomography and ultrasound in 
 parapneumonic effusions and empyema. Clin Radiol. 
2000;55:542–547.

 82. Aquino SL, Webb WR, Gushiken BJ. Pleural exudates 
and transudates: Diagnosis with contrast-enhanced 
CT. Radiology. 1994;192:803–808.

 83. Waite RJ, Carbonneau RJ, Balikian JP et al. Parietal 
pleural changes in empyema: Appearances at CT. 
Radiology. 1990;175:145–150.

 84. Traill ZC, Davies RJO, Gleeson FV. Thoracic 
 computed tomography in patients with  suspected 
malignant pleural effusions. Clin Radiol. 
2001;56:193–196.

 85. Davis SD, Henschke CI, Yankelevitz DF, Cahill PT, 
Yi Y. MR imaging of pleural effusions. J Comput 
Assist Tomogr. 1990;14:192–198.

 86. Hanna JW, Reed JC, Choplin RH. Pleural infections: 
A clinical–radiologic review. J Thorac Imaging. 
1991;6:68–79.

 87. Stark DD, Federle MP, Goodman PC, Podrasky 
AE, Webb WR. Differentiating lung abscess 
and  empyema: Radiography and computed 
 tomography. Am J Roentgenol. 1983;141: 
163–167.

 88. Hsu JT, Bennett GM, Wolff E. Radiologic assessment 
of bronchopleural fistula with empyema. Radiology. 
1972;103:41–45.

 89. Ferguson AD, Prescott RJ, Selkon JB, Watson D, 
Swinburn CR. Empyema subcommittee of the 
Research Committee of the British Thoracic Society. 
The clinical course and management of thoracic 
empyema. QJM. 1996;89:285–289.

 90. Neff CC, van Sonnenberg E, Lawson DW, Patton AS. 
CT follow-up of empyemas: Pleural peels resolve 
after percutaneous catheter drainage. Radiology. 
1990;176:195–197.

 91. Sahn SA, Iseman MD. Tuberculous empyema. Semin 
Respir Infect. 1999;14:82–87.

 92. Hulnick DH, Naidich DP, McCauley DI. Pleural 
tuberculosis evaluated by computed tomography. 
Radiology. 1983;149:759–765.

 93. Glicklich M, Mendelson DS, Gendal ES 
et al. Tuberculous empyema necessitatis. 
Computed tomography findings. Clin Imaging. 
1990;14:23–25.

 94. American Thoracic Society. Management of 
 malignant pleural effusions. Am J Respir Crit Care 
Med. 2000;162:1987–2001.

 ♦95. Bonomo L, Feragalli B, Sacco R, Merlino B, 
Storto ML. Malignant pleural disease. Eur J Radiol. 
2000;34:98–118.

 ♦96. Sahn SA. Pleural diseases related to metastatic 
malignancies. Eur Respir J. 1997;10:1907–1913.

 ♦97. Goerg C, Restrepo I, Schwerk WB. Sonography 
of malignant pleural effusion. Eur Radiol. 
1997;7:1195–1198.

 ●98. Leung AN, Muller NL, Miller RR. CT in  differential 
diagnosis of diffuse pleural disease. Am J 
Roentgenol. 1990;154:487–492.

 99. Adams R, Gleeson FV. Percutaneous image guided 
cutting needle biopsy of the pleura in the  presence 
of a suspected malignant effusion. Radiology. 
2001;219:510–514.



 References 207

 100. Treglia G, Sadeghi R, Annunziata S et al. Diagnostic 
accuracy of 18F-FDG-PET and PET/CT in the 
 differential diagnosis between malignant and 
benign pleural lesions: A systematic review and 
 meta-analysis. Acad Radiol. 2014;21:11–20.

 101. Bury TH, Paulus P, Dowlati A et al. Evaluation of 
pleural diseases with FDG-PET imaging:Preliminary 
report. Thorax. 1997;52:187–189.

 102. Schaffler GJ, Wolf G, Schoellnast H et al.  Non-small 
cell lung cancer: Evaluation of pleural  abnormalities 
on CT scans with 18F FDG PET. Radiology. 
2004;231:858–865.

 103. Gupta NC, Rogers JS, Graeber GM et al. Clinical 
role of F-18 fluorodeoxyglucose positron emission 
tomography imaging in patients with lung cancer 
and suspected malignant pleural effusion. Chest. 
2002;122:1918–1924.

 104. Erasmus JJ, McAdams HP, Rossi SE et al. FDG PET 
of pleural effusions in patients with non-small cell 
lung cancer. Am J Roentgenol. 2000;175:245–249.

 105. Hillerdal G. Chylothorax and pseudochylothorax. 
Eur Respir J. 1997;10:1157–1162.

 106. Pui MH, Yueh T-C. Lymphoscintigraphy in chyluria, 
chyloperitoneum and chylothorax. J Nucl Med. 
1998;39:1292–1296.

 107. Groskin SA. Selected topics in chest trauma. 
Radiology. 1992;183:605–617.

 108. International Labour Office. Guidelines for the use 
of the ILO international classification of radiographs 
of pneumoconiosis. Revised edition. Occupational 
Health and Safety Series, No. 22 (Rev. 80). Geneva, 
Switzerland: International Labour Office; 1980.

 ♦109.  Peacock C, Copley SJ, Hansell DM. 
 Asbestos-related benign pleural disease. Clin 
Radiol. 2000;55:422–432.

 110. Rockoff SD, Kagan E, Schwartz A et al. Visceral 
 pleural thickening in asbestos exposure: The 
 occurrence and implications of thickened interlobar 
fissures. J Thorac Imaging. 1987;2:58–66.

 111. Proto AV. Conventional chest radiographs: 
Anatomic understanding of newer observations. 
Radiology. 1992;183:593–603.

 112. Remy-Jardin M, Sobaszek A, Duhamel A et al. 
Asbestos-related pleuropulmonary diseases: 
Evaluation with low-dose four-detector row spiral 
CT. Radiology. 2004;233:182–190.

 ♦113. Staples CA. Computed tomography in the 
 evaluation of benign asbestos-related disorders. 
Radiol Clin North Am. 1992;30:1191–1207.

 114. Friedman AC, Fiel SB, Fisher MS et al. 
 Asbestos-related pleural disease and asbestosis: 
A comparison of CT and chest radiography. Am J 
Roentgenol. 1988;150:269–275.

 115. Aberle DR, Gamsu G, Roy CS. High resolution 
CT of benign asbestos-related disorders: Clinical 
and radiographic correlation. Am J Roentgenol. 
1988;151:883–891.

♦116.  Lynch DA, Gamsu G, Aberle DR. Conventional 
and high resolution computed tomography 
in the  diagnosis of asbestos-related diseases. 
Radiographics. 1989;9:523–551.

 117. Dedrick CG, McLoud TC, Shepard JO, Shipley RT.  
Computed tomography of localized 
 pleural  mesothelioma. Am J Roentgenol. 
1985;144:275–280.

 118. Mendelson DS, Meary E, Buy JN, Pigeau I, 
Kirschner PA. Localized fibrous pleural mesothe-
lioma: CT  findings. Clin Imaging. 1991;15:105–108.

 119. Lee KS, Im JG, Choe KO, Kim CJ, Lee BH. CT 
findings in benign fibrous mesothelioma of the 
pleura: Pathologic correlation in nine patients. Am 
J Roentgenol. 1992;158:983–986.

 120. Saifuddin A, Da Costa P, Chalmers AG, Carey BM, 
Robertson RJH. Primary malignant localized 
fibrous tumors of the pleura: Clinical, radiological, 
and pathological features. Clin Radiol. 1992;45:13–17.

 ♦121.  Cardillo G, Facciolo F, Cavazzana AO, Capece G, 
Gasparri R, Martelli M. Localized (solitary) fibrous 
tumours of the pleura: An analysis of 55 patients. 
Ann Thorac Surg. 2000;70:1808–1812.

 122. Epler GR, McLoud TC, Munn CS, Colby TV. Pleural 
lipoma: Diagnosis by computed tomography. 
Chest. 1986;90:265–268.

 123. Filly R, Blank N, Castellino RA. Radiographic 
 distribution of intrathoracic disease in  previously 
untreated patients with Hodgkin’s disease 
and  non-Hodgkin’s lymphoma. Radiology. 
1976;120:277–281.

 124. Burgener FH, Hamlin DJ. Intrathoracic histiocytic 
lymphoma. Am J Roentgenol. 1981;136:499–504.

 125. Balikian JP, Herman PG. Non-Hodgkin lymphoma of 
the lungs. Radiology. 1979;132:569–576.

 126. Castellino RA, Blank N, Hoppe RT et al. Hodgkin 
disease: Contributions of chest CT in initial staging 
evaluation. Radiology. 1986;160:603–605.

 127. Shuman LS, Libshitz HI. Solid pleural  
 manifestations of lymphoma. Am J Roentgenol. 
1984;142:269–273.

 128. Okada F, Ando Y, Kondo Y et al. Thoracic CT 
 findings of adult T-cell leukaemia or lymphoma.  
Am J Roentgenol. 2006;182:761–767.

 129. Carlsen SE, Bergin CJ, Hoppe RT. MR  imaging 
to detect chest wall and pleural  involvement 
in patients with lymphoma: Effect on 
 radiation therapy  planning. Am J Roentgenol. 
1993;160:1191–1195.

 130. Negendank WG, Alkatib AM, Karanes C, Smith MR. 
Lymphomas: MR imaging  contrast  characteristics 
with clinico-pathologic  correlations. Radiology. 
1990;177:209–216.

 131. McLoud TC, Woods BO, Carrington CB, Epler GR, 
Gaensler EA. Diffuse pleural thickening in an 
 asbestos-exposed population: Prevalence and 
causes. Am J Roentgenol. 1985;144:9–18.



208 Radiology: Diagnostic

 132. Copley SJ, Lee YCG, Hansell DM et al. 
 Asbestos-induced and smoking-related disease: 
Apportioning pulmonary function deficit by using 
thin-section CT. Radiology. 2007;242:258–266.

 133. Murray JG, Patz EF Jr, Eramus JJ, Gilkeson RC.  
CT appearance of the pleural space 
after talc  pleurodesis. Am J Roentgenol. 
1997;169:89–91.

 134. Murray JG, Eramus JJ, Bahtiarian EA, 
Goodman PC. Talc pleurodesis simulating  pleural 
 metastases on 18F-fluoro-deoxygenase  positron 
emission tomography. Am J Roentgenol. 
1997;168:359–360.

 135. Kwek BH, Aquino SL, Fischman AJ. 
Fluorodeoxyglucose positron emission 
 tomography and CT after talc pleurodesis. Chest 
2004;125:2356–2360.

 136. Renner RR, Pernice NJ. The apical cap. Semin 
Roentgenol. 1977;12:299–302.

 137. Im JG, Webb WR, Han MC et al. Apical  opacity 
 associated with pulmonary  tuberculosis: 
High  resolution CT findings. Radiology. 
1991;178:727–731.

 138. McLoud TC, Isler RJ, Novelline RA et al. 
The apical cap, review. Am J Roentgenol. 
1981;137:299–306.

 139. Miller BH, Rosado-de-Christenson ML, 
Mason AC et al. Malignant pleural mesothelioma: 
Radiologic–pathologic correlation. Radiographics. 
1996;16:613–644.

 140. Scott EM, Marshall TJ, Flower CD, Stewart S. 
Diffuse pleural thickening: Percutaneous 
CT-guided cutting needle biopsy. Radiology. 
1995;194:867–870.

 141. Knuuttila A, Kivisaari L, Kivisaari A et al. Evaluation 
of pleural disease using MR and CT with special 
reference to malignant pleural mesothelioma. 
Acta Radiol. 2001;42:502–507.

 142. Ng CS, Munden RF, Libshitz HI. Malignant  
pleural mesothelioma: The spectrum of mani-
festations on CT in 70 cases. Clin Radiol. 
1999;54:415–421.

 143. Boylan AM. Mesothelioma: New concepts in 
 diagnosis and management. Curr Opin Pulm Med. 
2000;6:157–163.

♦144. Astoul P. Pleural mesothelioma. Curr Opin Pulm 
Med. 1999;5:259–268.

 145. Kawashima A, Libshitz HI. Malignant pleural 
 mesothelioma: CT manifestations in 50 cases.  
Am J Roentgenol. 1990;155:965–969.

 146. Hierholzer J, Luo L, Bittner RC et al. MRI and CT in 
the differential diagnosis of pleural disease. Chest. 
2000;118:604–609.

 147. Adams VI, Unni KK, Muhm JR et al. Diffuse 
 malignant mesothelioma of pleura: Diagnosis 
and survival in 92 cases. Cancer. 1986;58: 
1540–1551.

 148. Armato III SG, Ogarek JL, Starkey A et al. 
Variability in mesothelioma tumor response 
 classification. Am J Roentgenol. 2006;186: 
1000–1006.

 149. Miller AB, Hogestraeten B, Staquet M, Winkler A. 
Reporting results of cancer treatment. Cancer. 
1981;47:207–214.

 150. James K, Eisenhauer EA, Christian M 
et al. Measuring response in solid tumors: 
Unidimensional versus bidimensional measurement. 
J Natl Cancer Inst. 1999;91:523–528.

 151. Therasse P, Arbuck SG, Eisenhauer EA et al. 
New guidelines to evaluate the response to 
treatment in solid tumors. J Natl Cancer Inst. 
2000;92:205–216.

 152. Patz EF, Shaffer K, Piwnica-Worms DR et al. 
Malignant pleural mesothelioma: Value of CT 
and MR imaging in predicting resectability. Am J 
Roentgenol. 1992;159:961–966.

 153. Gerbaudo VH, Britz-Cunningam S, Sugarbaker DJ, 
Treves ST. Metabolic significance of the pat-
tern, intensity and kinetics of 18F-FDG uptake 
in malignant pleural mesothelioma. Thorax. 
2003;58:1077–1082.

 154. Erasmus JJ, Truong MT, Smythe WR et al. 
Integrated computed tomography-positron 
 emission  tomography in patients with potentially 
respectable malignant pleural mesothelioma: 
Staging  implications. J Thorac Cardiovasc Surg. 
2005;129:1364–1370.

 155. Heelan RT, Rusch VW, Begg CB et al. Staging of 
malignant pleural mesothelioma: Comparison 
of CT and MR imaging. Am J Roentgenol. 
1999;172:1039–1046.

 156. Patz EF, Rusch VW, Heelan R. The proposed new 
international TNM staging system for malignant 
pleural mesothelioma: Application to imaging. Am 
J Roentgenol. 1996;166:323–327.

 157. Bradley M, Williams C, Walshaw MJ. The value 
of routine expiratory films in the diagnosis of 
 pneumothorax. Arch Emerg Med. 1991;8:115–116.

 158. Bungay HK, Berger J, Traill ZC, Gleeson FV. 
Pneumothorax post CT–guided lung 
biopsy: A  comparison between detection 
on chest  radiographs and CT. Br J Radiol. 
1999;72:1160–1163.

 159. Seow A, Kazerooni EA, Cascade PN et al. 
Comparison of upright inspiratory and expiratory 
chest radiographs for detecting pneumothoraces. 
Am J Roentgenol. 1996;166:313–316.

 160. Killen DA, Gobbel WG. Spontaneous 
Pneumothorax. Boston, MA: Little, Brown & 
Company; 1968.

 161. Fisher JK. Skinfold versus pneumothorax. Am J 
Roentgenol. 1978;130:791–792.

 162. Lane EJ, Proto AV, Phillips JW. Machbands and 
 density perception. Radiology. 1976;121:9–17.



 References 209

 163. Greene R, McLoud TC, Stark P. Pneumothorax. 
Semin Roentgenol. 1977;12:313–325.

 164. Glazer HS, Anderson DJ, Wilson BS et al. 
Pneumothorax: Appearance on lateral chest 
 radiographs. Radiology. 1989;173:701–711.

 165. Tocino IM, Miller MH, Frederick PR, Bahr AL, 
Thomas F. CT detection of occult pneumotho-
rax in head trauma. Am J Roentgenol.  
1984;143:987–990.

 166. Wall SD, Federle MP, Jeffrey RB, Brett CM. CT 
 diagnosis of unsuspected pneumothorax after 
blunt abdominal trauma. Am J Roentgenol. 
1983;141:919–921.

 167. Tocino IM, Miller MH, Fairfax WR. Distribution of 
pneumothorax in the supine and  semirecumbent 
critically ill adult. Am J Roentgenol. 
1985;144:901–905.

 168. Rhea JT, vanSonnenberg E, McLoud TC. Basilar 
pneumothorax in the supine adult. Radiology. 
1979;133:593–595.

 169. Ziter FMH, Westcott JL. Supine subpul-
monary  pneumothorax. Am J Roentgenol. 
1981;137:699–701.

 170. Moskowitz PS, Griscom NT. The medial 
 pneumothorax. Radiology. 1976;120:143–147.

 171. Gordon R. The deep sulcus sign. Radiology 
1980;13:25–27.

♦172.  Gallardo X, Castaner E, Mata JM. Benign pleural 
diseases. Eur J Radiol. 2000;34:87–97.

 173. Slater A, Goodwin M, Anderson K, 
Gleeson FV. COPD can mimic the appear-
ances of  pneumothorax on ultrasound. Chest. 
2006;129:545–550.

 174. vanSonnenberg E, Casola G, Ho M et al. Difficult 
thoracic lesions: CT-guided biopsy experience in 
150 cases. Radiology. 1988;167:457–461.

 175. Westcott JL, Valpe JP. Peripheral  bronchopleural 
fistula: CT evaluation in 20 patients with 
 pneumonia, empyema, or post operative air leak. 
Radiology. 1995;196:175–191.

 176. Zelefski MN, Freeman LM, Stern H. A simple 
approach to the diagnosis of bronchopleural 
 fistula. Radiology. 1977;124:843–844.



210

16
Radiology: Interventional

IARA MARIA SEQUEIROS AND ANTHONY EDEY

KEY POINTS

 ● Image-guided interventional procedures of the pleura is the way forward in the diagnosis and management of pleu-
ral pathologies as it o�ers increased patient safety and diagnostic yield in comparison to non-guided procedures.

 ● Training on interventional procedures should follow principles set out by a respectable regulating body, such as the 
Royal College of Radiologists (RCR) or American College of Radiology (ACR).

 ● Choice of imaging modality depends on personal choice and expertise, characteristics of the lesion, and equipment 
availability.
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INTRODUCTION

Imaging guided interventional procedures of the pleura play 
an increasing role in the diagnosis and  management of pleu-
ral pathologies including infection, e�usions,  malignancy, 
and pneumothorax. Although some patients can be managed 
conservatively, interventional procedures including pleural 
�uid aspiration, drain catheter  placement, or pleural biopsy 
are frequently performed. �e emerging role of radiologic 
intervention has been driven by concern for patient safety and 
increased diagnostic yield when  compared with non-guided 
procedures1–3 and their use is now widespread. �e two prin-
cipal imaging  modalities are ultrasound (US) and computed 
tomography (CT). Importantly, increasing access to US 
beyond the traditional con�nes of the radiology department 
has allowed adoption of many of these techniques by clini-
cians, although use of CT remains a specialist technique.

�is chapter discusses potential bene�ts, techniques, and 
applications of image guidance, as well as explores some of the 
training issues surrounding its expanding scope of use.

 THE UTILITY OF IMAGE GUIDANCE

Compared with “blind” procedures, image-guided pleural 
intervention has been shown to increase diagnostic yield 
and reduce complications, particularly pneumothoraces 
and inadvertent organ puncture.4,5 In a randomized con-
trolled trial by Grogan et al., blind thoracentesis was only 
successful in 66% of cases, whereas the procedure per-
formed with US guidance was successful in 100% of cases.5 
�e use of image guidance has been shown to reduce the 
complication rate associated with pleural aspiration not 
only for junior doctors, but even for experienced clini-
cians.6 A retrospective study showed a pneumothorax rate 
of 18% in the absence of US guidance, in comparison to 
only 3% when US was used.7 Moreover, a meta-analysis of 
24 studies showed a statistically signi�cant reduction in 
 pneumothorax rate by using US compared to non-guided 
techniques for thoracentensis.8 Image guidance is also 
associated with high levels of e�cacy and low complica-
tion rates as in placement of small-bore chest drains for 
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the treatment of pneumothorax, pleural infection, and 
pleural e�usion.9–16

However, US does have inherent limitations. For exam-
ple, the inability of the sonic impulse to pass through air 
and thus visualize the underlying structures, renders it 
a poor tool for assessing and treating pneumothorax and 
complex hydropneumothoraces. In this regard CT has an 
important role and allows accurate, safe placement of inter-
costal drains in the presence of gas in the pleural space.17 
As a diagnostic tool, CT is also superior to blind interven-
tion and guided percutaneous pleural biopsy is a better test 
than an Abrams’ biopsy,18 comparable to medical thoracos-
copy in yield when lesions or focal thickening are apparent 
on CT.1

Despite increasing availability of US to a wide range of 
health-care professionals over the last decade and recom-
mendations for its use internationally,19 uptake of direct 
image guidance for pleural intervention has been slow. 
Many departments continued to rely on the historical prac-
tice of marking the chest wall following US of an e�usion 
(X marks the spot) in the radiology department, for thora-
cocentesis or drain insertion to be performed on the ward 
at a later time by the clinical sta�. �e need to change prac-
tice was highlighted by concern about patient safety. In the 
United Kingdom, a national survey of hospital practice over 
a 5-year period (2003–2008) revealed 12 deaths and 15 inci-
dents of serious harm related to chest drain insertions.2 In 
response, the U.K. National Patient Safety Agency (NPSA) 
issued a report making recommendations for a safer prac-
tice, reiterating the need for image guidance when inserting 
Seldinger chest drains, and the necessity for better train-
ing and supervision of junior doctors performing such 
procedures.20 �ese recommendations were translated into 
comprehensive guidelines by the British �oracic Society 
concentrating on sonographic competency and applications 
of these techniques in clinical practice.21

TRAINING ISSUES

 USERS OF IMAGE GUIDANCE:  
COMPUTED TOMOGRAPHY AND 
ULTRASOUND

�e type of imaging modality used for guidance, either US 
or CT, will depend on the type of intervention procedure 
being carried out, the availability of equipment and user 
preference. US-guided intervention is a technique that is 
available to both radiologists and clinicians, and can be 
used with ease in any clinical setting, from intensive care 
units to outpatient clinics. US is accurate in detecting small 
collections of �uid and can be used to image the patient in 
almost any position, thus facilitating access to even very 
small pockets of �uid.

CT-guided procedures are generally limited to radi-
ologists as they require access to a CT scanner within 

a radiology department and specialized training and 
 compliance with national radiation guidelines (e.g., Ionizing 
Radiation Medical Exposure Regulations [IRMER] in the 
United Kingdom), that is outside the remit of the majority 
of clinicians. As a result CT is used in complex cases, for 
example, when sonographic identi�cation of a deep lesion is 
 problematic for biopsy.

GUIDANCE ON TRAINING

It is now accepted that all doctors expected to undertake an 
invasive pleural procedure should be appropriately trained 
through a combination of formal lectures and manikin-
simulated practice. Trainees should initially be supervised 
by an experienced practitioner until considered competent. 
�e 2008 NPSA report suggested that many complications 
were a direct result of inadequate training and supervision 
of doctors performing guided pleural procedures. In fact, it 
appears that many were using US without any formal train-
ing.2 Unsurprisingly, trainee knowledge and con�dence is 
increased by formalized training, but it has also been shown 
to reduce patient pain, anxiety, and complication rates.22–24  
(Figure 16.1). Furthermore, with adequate training, 

Figure 16.1 Pleural manikin/simulator for intervention 
training.



212 Radiology: Interventional

respiratory physician-lead thoracic US has been shown to 
be accurate and safe for the identi�cation of pleural e�u-
sions and in choosing a site for intervention.25 In the ideal 
physician-led pleural US intervention service, there should 
be ongoing liaison with the local radiology service to ensure 
support in challenging cases.

Training requirements for thoracic US vary around the 
globe, but all are designed to develop competency by using a 
combination of theory sessions, simulation, direct observa-
tion, and observed practice.26 Di�erent kinds of clinicians 
may bene�t from the ability to perform thoracic US, and 
training should follow the principles set out by their respec-
tive regulating bodies. Speci�c guidelines on training have 
been written and are recommended for such specialties as 
critical care physicians, surgeons, emergency medicine doc-
tors, and respiratory clinicians.27–31

US is very much operator dependent and there is little evi-
dence to specify the length of training required for a non-radi-
ologist to become competent in basic chest US.32 In the United 
Kingdom, for example, the Royal College of Radiologists has 
published guidelines establishing the minimum standards 
required to safely perform thoracic USs (basic or level 1 com-
petency).33 �ese include a minimum number of supervised 
scans of a variety of di�erent pathologies. To achieve level 2 
competency and allow an individual to train others to level 1, 
an additional 100 scans, or 2 years further experience at level 
1, are required (Table 16.1). In Australasia, minimum require-
ments for a level 1 competency include attendance at a training 
course in applied physics, instrumentation, and thoracic US 

of at least 3-hour duration; a minimum of 20 US performed 
under  supervision (at least three directly observed and the 
remaining having images only reviewed by an experienced 
sonographer); at least �ve US scans demonstrating  pathology, 
and at least �ve US-guided pleural intervention procedures.36 
Once the necessary skills have been attained, it is important 
that they are maintained by regular use,  logbook recording, 
and auditing of practice.33,35

Most level 3 practitioners are specialist thoracic radi-
ologists, able to deal with referrals from level 1 and 2 
practitioners and perform advanced US-guided invasive 
procedures.33,35 It is also advocated that clinicians with level 
1 competency should also have continuous access to level 2 
or level 3 professionals, which can provide support, review 
of images, and advice on di�cult complex cases.33

PRE-PROCEDURAL PREPARATION

Before any procedure is performed, the indications, con-
traindications, and management goals should be reviewed. 
Risks and bene�ts should be discussed with the patient and 
informed consent obtained and documented. As a routine 
part of the preparation, clotting times and platelet counts 
should be checked, ensuring normal prothrombin time 
(PT) and International Normalization Ratio (INR). It is 
generally accepted that a platelet count <50,000 per microli-
ter, PT >3 seconds, or an INR >1.5 are relative contraindica-
tions to the intervention.

Table 16.1 British and European competency levels for thoracic ultrasound

Level 1:
• To perform common examinations safely and accurately
• To recognize and differentiate normal anatomy and pathology
• To diagnose common abnormalities
• To recognize when a referral for a second opinion is indicated
• To understand the relationship between US imaging and other diagnostic imaging techniques (United Kingdom only)

Level 2:
• To accept and manage referrals from level 1 practitioners
• To recognize and diagnose almost all conditions within the relevant organ system
• To perform common noncomplex US-guided invasive procedures
• To teach US to trainees and level 1 practitioners
• To conduct some research in US

Level 3: Advanced level of practice, including some or all of the following:
• To accept tertiary referrals from level 1 and 2 practitioners
• To perform specialized US examinations
• To perform advanced US-guided invasive procedures
• To conduct substantial research in US
• To teach US at all levels
• To be aware of and pursue developments in US

Source: Board of the Faculty of Clinical Radiology. Ultrasound training recommendations for medical and surgical specialties. London: Royal 
College of Radiologists, 2005. Accessed October, 2013. www.rcr.ac.uk/docs/radiology/pdf/ultrasound; British and European compe-
tency levels for thoracic ultrasound (Board of the Faculty of Clinical Radiology). Ultrasound training recommendations for medical and 
sugical specialties. 2004. Accessed October, 2013. www.rcr.ac.uk/docs/radiology/pdf/ultrasound.pdf; European Federation of 
Societies for Ultrasound in Medicine and Biology. Minimum training requirements for the practice of medical ultrasound in Europe. 
Appendix 11: Thoracic ultrasound. 2008. Accessed October, 2013. www.efsumb. org/guidelines/2009-04-14apx11.pdf.
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THORACENTESIS

Accumulation of �uid within the pleural cavity can be the 
result of many conditions. Although clinical history and 
physical examination are helpful guides to etiology, ulti-
mate sampling of the �uid for analysis is required to reach a 
diagnosis and allow appropriate management.

Historically, the �rst imaging technique used in sus-
pected chest pathologies was the plain radiograph. 
However, with increasing availability of the hardware, US 
use has become routine in the outpatient setting and may 
precede a chest radiograph. When used by appropriately 
trained radiologists and physicians, US allows the identi-
�cation of the smallest of e�usions and detection of septa-
tions, developing pleural rind, and underlying collapsed or 
consolidated lung. As such, it is signi�cantly more sensitive 
than chest radiography for the detection of pleural �uid. 
Although slightly less sensitive than CT, US is more conve-
nient and may better distinguish pleural thickening from 
pleural e�usion.37 Further advantages of US over standard 
chest radiography and CT scanning include the absence of 
ionizing radiation risk, portability, and the ability to per-
form dynamic, real-time evaluations. Conversely, US limi-
tations lie in the fact that the sonic impulse does not travel 
through air or bone, and therefore does not allow for the 
imaging of normal lung and its acoustic window is limited 
by the intercostal space.

With the presence of a pleural e�usion con�rmed, 
patients then usually undergo a diagnostic thoracentensis.38 
With the patient in a comfortable position, usually sitting 
up and leaning slightly forward on the bed/couch, a US scan 
of the chest is performed to determine the optimal site for 
the needle aspiration. Frail or unwell patients, such as those 
in an intensive care unit, unable to sit upright, can remain 
recumbent, in a lateral decubitus position, with the hemi-
thorax to be examined in the nondependent position.

General examination of the pleural space is best per-
formed with a convex array 3.5- to 5- MHz probe.39 Initially, 
the whole hemithorax is scanned to assess the pleural 
space. �e purpose of this examination is to allow estima-
tion of the volume of �uid and determine the location of the 
largest, most accessible pocket of �uid. �is process allows 
planning of a safe route of access avoiding injury to adjacent 
organs, such as the diaphragm, lung, liver, spleen, and heart. 
Note is made of the depth of the �uid from the surface of 
the skin and distance to the center of the e�usion at the site 
marked with an appropriate skin marker, so as to determine 
the depth of the needle penetration needed. �e three key 
elements to ensure safe aspiration are the following:21

 1. Su�cient depth of pleural �uid (at least 10 mm)
 2. No intervening lung at maximal inspiration
 3. Minimal risk of puncture of other structures such as the 

heart, liver, and spleen. Pleural aspiration is more safely 
performed using real-time visualization of the needle 

by US or immediately a�er scanning with the patient 
remaining in the same position. Changes to positioning 
may signi�cantly alter the relationship between the skin 
site marked and the underlying �uid, increasing the risk 
of complications.7

Patients who are kept sitting upright for the thoracen-
tesis procedure should be placed with both feet in contact 
with the �oor, leaning on a comfortable, but �rm surface, 
such as a pillow on the hospital bed table, as this will o�er 
support in case they faint. Although the use of atropine as 
part of premedication for bronchoscopy has been assessed, 
its routine use in thoracentesis or chest tube insertion is 
not recommended, although some centers advocate its use. 
Case reports of vasovagal reactions40 and a death due to 
vagal stimulation following tube insertion41 may support its 
use as premedication.

�e skin is cleaned and the patient is subsequently 
draped in sterile fashion. �is should be the standard for all 
pleural-related interventions. Local anesthetic is normally 
unnecessary for simple diagnostic taps, but for therapeutic 
aspirations the skin site should be anesthetized down to the 
level of the pleura with lidocaine. A 20–22G needle is nor-
mally adequate for aspirating simple transudates. �icker 
�uids, such as blood and pus, may require larger needles. 
�e needle is inserted just above a rib to avoid damaging 
the neurovascular bundle. A site lateral to the angle of the 
rib is considered safer than the commonly used posterior 
approach, as the neurovascular bundle may not be cov-
ered by the lower �ange of the rib medial to this position 
(Figure  16.2). It is important to note that US guidance 
may not reduce the incidence of laceration of the intercos-
tal vessels, because these vessels are o�en not appreciated 
sonographically, particularly when they run within the 
intercostal space medial to the angle of the rib. �is is most 

Figure 16.2 Volume-rendered CT image of the course of 
the intercostal vessels.
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important in patients with advanced age, who tend to have 
increased tortuosity of the intercostal arteries.42–44

�e aspiration needle or cannula is advanced into the 
chest, according to previously estimated depth, until the 
pleura is breached and �uid is extracted. For safety pur-
poses, if more than a minimal amount of pleural �uid is 
to be withdrawn, a cannula rather than a needle should 
be used. For simple diagnostic aspirations, approximately 
10–20 mLof �uid is usually su�cient for cytology, microbi-
ology, and biochemical analyses. �ese should include the 
measurement of albumin and total protein, lactate dehydro-
genase (LDH), glucose, amylase, and pH. If purulent �uid 
is detected during thoracentesis, insertion of a chest drain 
should be considered to ensure complete drainage.

�e success rate of US-guided pleural aspiration has 
been quoted to be as high as 97% with only 3% failure.45 
On the other hand, the most frequent complications follow-
ing pleural aspiration are pneumothorax, pain, and hem-
orrhage. �e most serious complication is visceral injury. 
In a large case series of image-guided thoracentesis, a com-
plicating pneumothorax was seen in approximately 5% of 
cases.46 Described risk factors for a post-thoracentesis pneu-
mothorax are operator experience, the size of the e�usion, 
larger needle size, larger volume of �uid aspirated, the pres-
ence of COPD, previous radiotherapy, and previous pleural 
aspiration.7,5,47–50 Spontaneous resolution of the pneumo-
thorax commonly occurs, and simple aspiration has been 
shown to be e�ective in 89%.51 Chest drain insertion is only 
required in 2%.46

Following simple pleural aspiration, a routine chest 
radiograph is not required unless air has been withdrawn, 
the procedure is di�cult, multiple attempts are per-
formed, or if the patient becomes symptomatic. Physicians 
performing an aspiration can usually predict the pres-
ence or absence of a clinically signi�cant post-procedure 
pneumothorax.21,52,53

PLEURAL DRAINAGE

Drainage of pleural space contents may be required in 
infected e�usions (empyema), malignant e�usions, or pneu-
mothorax. Aspiration of frank pus or turbid/cloudy �uid 
indicates the need for prompt chest drainage of the e�usion. 
�e current consensus is that parapneumonic e�usions with 
pH <7.2, even if culture negative, should be drained.54,55

With US, the clinician is able to identify and direct the 
chest drain into the largest pocket of �uid and avoid pos-
sible failures that occur in 50% of blind chest drain inser-
tions. Published data suggest image-guided small-bore 
chest drains are successful following failed conventional 
chest tube drainage in up to 77% of cases, as imaging is able 
to direct optimal positioning of the drain.12

In complex pleural collections, CT is o�en superior to US 
both as a means of assessment and also for guidance for drain 

insertion. For instance, if there are multiple loculations more 
than one drain may be required. CT is best used in such cases, 
as it is easier to get a global overview of the thorax than with 
US and allows clear delineation of the relationship between 
loculated pleural collections, parenchymal consolidation, 
and the mediastinum.56 CT is particularly helpful in dealing 
with small or deep collections, situated in close proximity to 
vital organs or in di�cult access sites. CT also has a diag-
nostic role and may clarify non infective causes of a pleural 
collection such as oesophageal rupture or bronchogenic car-
cinoma. It can also di�erentiate pleural empyema from lung 
abscess. With the information obtained from a diagnostic CT 
of the chest, planning and systematic image-guided place-
ment of drains into a collection can then be performed with 
relatively low complication rates.

�e most common method used for image-guided chest 
drain placement is the Seldinger technique usually using a 
small-bore pigtail catheter. �e site of drainage is chosen 
using US or CT and should be preferably laterally to the 
angle of the rib. �e mid axillary line in the sixth or sev-
enth intercostal space is ideally used so that the patient can 
lie down comfortably with the drain in place. An aseptic 
technique is used and local anesthetic is administered to 
the pleural surface under image guidance, with the posi-
tion of the needle tip con�rmed by direct visualization and 
successful aspiration of the pleural �uid. A small incision 
over the skin is made, su�cient to allow passage of the 
drain, but not too large that �uid will drain around the tube 
and through the puncture site of the skin. An introduc-
ing cannula is then used and directly guided into the e�u-
sion. A guide wire is passed through the cannula before its 
removal. In case of di�culty in introducing the wire, ensure 
that the cannula has been introduced at a right angle to skin 
and that it has in fact reached the pleural cavity, rather than 
been kinked by a rib or the so�-tissue component of the 
chest wall. A longer cannula may be needed in large obese 
patients. �e tract is widened by introducing a series of dila-
tors over the guide wire to allow easy passage of the drain. 
Care should be taken to ensure the dilator does not pass 
more than 1 cm beyond the pleural depth as there are many 
reported injuries as a direct result of visceral puncture by 
dilators.57 Care must also be taken not to let the wire slip 
out or, more worryingly, into the pleural cavity, by holding 
it �rmly at all times. Having removed the dilator, the chest 
drain is inserted over the wire. �e last drainage hole should 
be well within the pleural space, about 5 to 10 cm, but the 
drain does not require insertion to the hilt. Never use force. 
�e drain should slide into the pleural cavity with minimal 
e�ort. If resistance is encountered, consider reimaging the 
region. Finally, the guide wire is removed leaving the drain 
in situ, which is then secured and connected to a drainage 
system. A three-way stopcock can be used to connect the 
catheter to the underwater drainage system.

In case of very large e�usions, as �uid is being removed, 
patients may feel discomfort or chest tightness. �ere is 
also the risk of re-expansion pulmonary edema in these 
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patients.11,58–61 In such cases, consider clamping the drain 
and draining the �uid at a slower rate. A maximum of 1.5 L 
should be drained in the �rst hour. It is important for the 
patient’s comfort that the procedure should be pain free, so 
analgesia should be administered appropriately.

Frequent causes of failure of percutaneous drainage with 
small-bore drains are blockage and drain dislodgement. 
While regular �ushing with saline has been shown to reduce 
the rate drain blockage,62 malposition of the drain should be 
suspected if there is persistent low volume drainage or poor 
clinical response. �is can sometimes be misdiagnosed on 
the chest radiograph due to intraparenchymal or extrapleu-
ral placement, and therefore may require further investiga-
tion with a CT scan63 (Figures 16.3 and 16.4). Additionally, 
despite the fact that drain related complications are most 
o�en associated with large-bore tube, patients may still 
experience pain, intercostal or thoracic cavity nerve injury 
(Horner’s syndrome being one of the most common), chest 
wall wound infection, infection of the pleural cavity (empy-
ema), visceral puncture, and hemorrhage.64 �ese  should 
be actively assessed as part of routine post-drainage clini-
cal care. Pneumothorax is also commonly reported, but 
the pathophysiology is multifactorial ranging from lung 
injury, introduction of air and trapped lung, the latter 
ex vacuo pneumothorax thought to occur because the lung 
is relatively non compliant and incapable of immediate 
re- expansion.47 Simple pneumothoraces are usually easily 
dealt with by the chest drain itself.

In the case of malignant e�usions, drainage is usu-
ally part of palliative treatment, performed to improve 

symptoms. Most patients are managed with indwelling 
pleural catheters. Some patients may be treated with com-
plete drainage of the e�usion and subsequent instillation 
of a sclerosant to establish pleurodesis and prevent e�u-
sion recurrence. Other treatment options for such patients 
include repeated therapeutic thoracentesis, video-assisted 
sclerotherapy, and pleuroperitoneal shunts.

Traditionally, treatment of malignant e�usions was 
performed with large-bore catheters, but these have been 
associated with moderate discomfort and wound infection. 
�erefore, small bore catheters are now being used more 
and more, with less discomfort to patients and equal e�-
ciency to that of large-bore tubes.65

Patients with a thick pleural rind or central  airway 
obstructing lesion impeding lung expansion usually will not 
bene�t from short-term pleural drainage, and therefore long-
term indwelling catheters may be considered. Long-term 
indwelling catheters have multiple fenestrations that extend 
from the tip over 24 cm, and are best used in moderate or 
large, rather than small, e�usions. �e technique for place-
ment of long-term indwelling pleural catheters is similar to 
the approach described for pigtail catheter insertion. A guide 
wire is placed into the pleural �uid and a 1  cm incision is 
made approximately 5–8 cm posterior to the entrance site of 
the guide wire and a subcutaneous chest wall tunnel is cre-
ated. �e catheter is pulled through this tunnel to the entrance 
skin incision of the guide wire. �e wire tract is then dilated 
with a Te�on peel-away sheath. �ese tubes are so� and may 
kink during placement. Use of image guidance allows better 
control over the tube by inserting a guide wire or a dilator 

Figure 16.3 Chest radiograph:It is difficult to accurately 
determine the position of the right chest drain.

Figure 16.4 Same patient as Figure 16.3. Axial CT image 
clearly demonstrates the drain traversing through the 
right lung.
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through one of the side holes of the indwelling catheter to 
sti�en it,  preventing it kinking and guiding it to the correct 
location. Pleural �uid can then be periodically drained using 
appropriate bottles. Tube malfunction is uncommon and the 
catheter usually remains in place until the patient’s demise 
(mean duration 56–115 days). Fi�y percent of patients experi-
ence a spontaneous pleurodesis, which allows the catheter to 
be removed. However, because of their long-term use, catheter 
infection with local skin breakdown and tumor seeding along 
the tract has been reported as complication.66–69

PNEUMOTHORAX

Diagnosis of a pneumothorax is usually a straightforward 
task on erect chest radiographs, although in sick patients 
who are being nursed supine, detection may be problem-
atic. As such, CT has a role in the diagnosis and evalua-
tion of pneumothorax in trauma and intensive care unit 
patients. CT is also appropriate in the evaluation of patients 
with structurally abnormal lungs and those with sus-
pected complex pneumothorax resulting in loculation and 
parietal pleural connections. In fact, CT is considered the 
“gold standard” for detection of small pneumothoraces and 
estimation of its size.70 Finally, CT should also be used as 
a problem-solving tool if drains are proving ine�ective, as 
it allows early assessment of drain position and complica-
tions. In a study from 1995, (pre dating general use of image 
guidance for pleural intervention), CT a�er emergency 
drain insertion demonstrated 25% chest drains were aber-
rantly sited, 6% were found to lie within the lungs, and 3% 
outside the chest.71

In general, US is of little use for guiding drainage of a 
pneumothorax as the presence of gas in the pleural space 
prevents penetration of the sonic impulse and thus mean-
ingful image acquisition. In practice, many large pneu-
mothoraces can be drained without recourse to image 
guidance, but CT should be deployed in complex cases.

For non-surgical drain insertion, the Seldinger technique 
can be used to place a guide wire into the pleural space prior 
to the introduction of an 8–10 F catheter and the technique 
is no di�erent to that used for drainage of a pleural collec-
tion (see above). Catheter/trocar systems are generally not 
appropriate, given the increased risk of complications over 
Seldinger drains. �e catheter is usually inserted in the sixth 
intercostal space in the mid-axillary line and the tip prefer-
entially positioned in the upper and anterior aspect of the 
hemithorax. When �rst sitting the introducer needle, dam-
age to the neurovascular bundle can be minimized by using  
the superior aspect of the rib as a guide. Once the tip of the 
catheter is in a satisfactory position, it should be connected to 
a one-way valve and an underwater drainage system. Patients 
with a large leak or suspected �stula should be placed  under 
continuous suction of approximately 20 cm H2O pressure. 
If CT is being used, then intermittent screening during the 

procedure may be used to con�rm positioning at each stage, 
thus minimizing risk of  complications (Figure 16.5).

An erect radiograph should be performed a�er the pro-
cedure to determine the position of the chest drain and 
then repeated daily until resolution. When the lung has 
re-expanded, the drain is clamped for 4 hours and then a 
repeat radiograph may be performed to con�rm recurrence 
has not occurred. If the pneumothorax does not resolve, a 
malpositioned or blocked drain, a persistent visceral pleural 
tear, or bronchopleural �stula should be suspected.

Finally, surgical emphysema is a well-recognized com-
plication of intercostal tube drainage. �is is generally of 
cosmetic importance only, and the result of communication 
between the air-�lled pleural cavity and the subcutaneous 
tissue. Alternatively, it may be due to the presence of a mal-
positioned, kinked, or blocked tube, such as a fenestration of 
the drain within the subcutaneous tissue. Likewise, a small 
tube in the presence of a very large leak may potentially 
cause surgical emphysema. �e treatment is usually conser-
vative and the subcutaneous emphysema usually resolves 
a�er a few days. In severe cases, it may cause acute airway 
obstruction or thoracic compression and lead to respiratory 
compromise.72 Tracheostomy, skin incision decompression 
and insertion of large-bore chest drains can be used for 
treatment in this setting.

PLEURAL BIOPSY

Sometimes, the diagnosis of a pleural disease cannot be 
made on the basis of the pleural aspirate alone, and there-
fore a pleural biopsy is required. �is is especially the case 
in malignant pleural e�usions, when cytological evalua-
tion of specimens obtained from thoracentesis is less than 

Figure 16.5 Chest radiograph of a complex  pneumo- 
 thorax suitable for CT-guided drain insertion.
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optimal and a biopsy is needed in 40% of cases.73,74 Patients 
with unexplained pleural thickening with or without con-
comitant e�usion will also require a biopsy for a histologi-
cal diagnosis. �is may be performed by the means of an 
image-guided biopsy, obviating the need for a medical tho-
racoscopy or surgical thoracotomy, which are not without 
risks.75,76 Prior to image-guided procedures, blind trans-
thoracic pleural biopsies were performed, with a diagnos-
tic rate of only 57% for malignant disease.77 Complications 
described included pneumothorax (3%–15%), vasovagal 
reaction (1%–5%), haemothorax (<2%), and empyema, fatal 
in rare cases.18 By using image-guided techniques, areas such 
as the diaphragm are accessed much more safely than when 
performing blind biopsy. In addition, a cutting needle may 
be used, rather than a blind �ne-needle aspiration, which is 
much more sensitive and has an increased diagnostic yield, 
especially in the diagnosis of malignant pleural disease, 
such as mesothelioma, with a cited sensitivity of 86% and 
speci�city of 100% for mesothelioma identi�cation.78

Either US or CT can be used for guidance, and the choice 
is usually in�uenced by availability of the equipment, per-
sonal preference of the operator, expertise, and cost. Both 
have similar high diagnostic success rates.79 US is usually 
readily available, is of low cost and does not subject the 
patient to ionizing radiation. It is associated with a diag-
nostic success rate of 70%80 (Figure 16.6). CT o�ers superior 
spatial resolution and allows view of di�cult access regions 
such as behind the ribs or scapula and along the paraverte-
bral regions. It is therefore considered overall safer than US, 
especially in cases of absent pleural e�usion.81

CT-guided needle cutting biopsy is associated with sen-
sitivity and speci�city of 87% and 100%, respectively, which 
is a signi�cant improvement in diagnostic yield when com-
pared with the sensitivity and speci�city of 47% and 100% 
for blind Abrams needle biopsies. Furthermore, with CT 
guidance, a tangential approach is possible, with an e�ec-
tive pleural sampling sensitivity of 75% for even very thin 
parietal pleural thickening of less than 5 mm18 (Figure 16.7).

�e needle insertion should be selected to avoid 
 traversing the lung and vessels. It is considered best practice 
to place the needle parallel to the pleural lesion, rather than 
perpendicular, especially in dealing with small lesions, so as 
to maximize the volume of pleura traversed and allow ade-
quate manipulation of the needle without causing injury to 
the visceral pleura and therefore causing a pneumothorax.

If multiple specimens are to be taken during a biopsy, the 
best approach is the use of a co-axial biopsy needle. First, 
the outer sheath is introduced into the lesion, followed by 
the automated cutting needle device. It is well documented 
that the diagnostic yield of a biopsy is increased when two 
or more samples are taken.82 �e number of samples taken 
varies between institutions, but usually three to six samples 
are taken.

�e contraindications for pleural biopsy are similar to 
those for pleural drainage, including hemorrhagic diathe-
sis and patients who are unable to control their breathing. 
Complication rates for image-guided pleural biopsies range 
from 0% to 10%,18,83 and are signi�cantly lower than with 
blind biopsy. For example, a rate of 11% for pneumotho-
rax is quoted for blind biopsies3 compared with 4.7% for 
image-guided cutting needle biopsy.84 �e overall inci-
dence of CT-guided biopsy-related pneumothorax has been 
reported as 42.3%.85 Chest tube placement was required for 
11.9% of pneumothoraces, which equated to 5.0% of the 
total number of procedures. �e risk factors suggested for 
a pneumothorax were no prior pulmonary surgery, lesions 
in the lower lobe, greater lesion depth, and a needle tra-
jectory angle of less than 45°. Others have also suggested 
increasing patient age and smaller lesion size as potential 
risk factors.86,87

Figure 16.6 Needle in a pleural mass: Ultrasound-guided 
biopsy.

Figure 16.7 Co-axial needle system in place: Computed 
tomography–guided biopsy of the pleura.
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�e risk factors for chest tube placement for 
 pneumothorax are pulmonary emphysema and again 
greater lesion depth.88 To reduce the risk of pneumotho-
rax necessitating chest tube placement, the operator should 
adopt the shortest needle path to the lesion. If no acute 
 complication occurs and the patient is well and stable, a 
chest radiograph should be obtained 2 hours a�er the pro-
cedure. If the patient remains asymptomatic and no acute 
abnormality is detected, the patient may be discharged.

Large or symptomatic pneumothorax a�er pleural biopsy 
will require chest drainage, which has a successful resolu-
tion in 75%–97% of cases, usually within 24–72 hours.89 
Immediate aspiration of the post pleural biopsy pneumo-
thorax has been shown to be successful in 85%, obviating 
the need for chest drainage. However, an aspiration volume 
greater than 600 mL is suggestive that subsequent chest 
drain insertion will be necessary.90

In the context of mesothelioma tumoral seeding at 
biopsy sites is a major concern and complicates up to 40% 
of procedures. On the other hand, seeding or local tumor 
recurrence following pleural intervention in non-meso-
thelioma disease is uncommon.91 Presumably as a conse-
quence of the limited insult to the chest wall, seeding is 
much less common with image-guided biopsies (5%) and 
pleural aspiration (3.6%), which compares very favorably to 
metastatic spread from thoracotomy (24%), video-assisted 
thoracoscopic surgery (16%), and chest tube insertion 
(9%).92 Empirical prophylactic radiotherapy to prevent 
tract site invasion is controversial. Two randomized trials 
suggest a lack of therapeutic bene�t.93,94 On the other hand, 
Boutin et  al. reported that radiotherapy decreased thora-
coscopy tract metastases.95 It may be prudent, given the 
evidence, to use radiotherapy following signi�cant pleural 
instrumentation (e.g., thoracoscopy, surgery, or large-bore 
chest drain). However, the bene�t of radiotherapy a�er 
less-invasive procedures, for example, pleural biopsy or 
aspiration, seems doubtful given the infrequency of serious 
complications.

CONCLUSION

Procedures involving the pleura have come a long way and 
gained much importance in both the diagnosis and man-
agement of pleural disease. Diagnostic pleural taps, inser-
tion of pleural drains, and even pleural biopsies have been 
proven to be safer and more e�cient when performed under 
image guidance.81,21
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Radiology: Pleural ultrasound

COENRAAD F.N. KOEGELENBERG AND ANDREAS H. DIACON

KEY POINTS

 ● �oracic ultrasonography can be performed by means of the most basic 2D ultrasound equipment.
 ● All training programs in respiratory medicine should include training in basic transthoracic US competency.
 ● In healthy individuals, ultrasound can visualize the chest wall, the diaphragm and the pleura, but not the lung 

parenchyma.
 ● US does not only aid in the qualitative and quantitative description of pleural e�usions, but also in visualizing 

lung tumors, pulmonary consolidations, and other parenchymal pulmonary processes, provided they abut the 
chest wall.

 ● US has become an essential tool in emergency and intensive care units as an application at the point of care for 
prompt and accurate diagnosis of pneumothoraces, pulmonary emboli, and pulmonary edema.

 ● US provides a real-time guide to pleural procedures such as thoracentesis and drainage of e�usions,  �ne-needle 
 aspirations, and cutting needle biopsy of lesions arising from the chest wall, pleura, peripheral lung, and 
 mediastinum, with a high yield in the hands of a pulmonologist.

 ● US can provide ancillary information that may direct the need for and mode of pleural tissue sampling, 
 particularly if US �ndings suggest pleural malignancy.

INTRODUCTION

Transthoracic ultrasonography is rapidly becoming a well-
established and validated imaging modality in the hands 
of non-radiologists.1–7 Adequate pleural ultrasonography 

can be performed by means of simple entry-level two- 
dimensional (2D) equipment and by personnel with basic 
competency.1–4 Transthoracic ultrasonography comple-
ments real-time point-of-care clinical assessment of the 
respiratory system, is mobile, is inexpensive (in terms of 
acquisition of both equipment and consumables), and does 
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not expose the patient or operator to radiation.1–4 Apart 
from numerous diagnostic applications, it may also guide an 
array of transthoracic interventional procedures. Moreover, 
ultrasound (US)-assisted procedures can be  performed by a 
single clinician with no sedation and with minimal moni-
toring of the patient.2–4 �e indications for pleural and chest 
wall US are summarized in Table 17.1. �is chapter pro-
vides an overview of the general technical aspects of pleural 
 ultrasonography, diagnostic application of ultrasonogra-
phy in pleural diseases and diseases beyond the pleura, and 
US-guided interventions and concludes with suggested 
guidelines on basic competency from the perspective of the 
non-radiologist.

TECHNICAL ASPECTS

BASIC PHYSICS AND PRINCIPLES

“Ultrasounds” are sounds with a frequency above human 
hearing.1,2 Transthoracic ultrasonography scanning is 
 performed in the frequency range of 2–12 megahertz (MHz). 
�e sound waves are produced and focused by a piezoelec-
tric transducer in a handheld probe and transmitted into 
the thorax. Some knowledge of the principles of US  physics 
is vital to fully appreciate the applications and potential 
limitations of pleural ultrasonography.2,5–7

�e speed of transmission of US waves and their 
 interaction with various media depend on the density 
and compressibility of the tissue through which they are 
 propagated.6 As a wave passes through matter, it may be 
transmitted, re�ected, absorbed, scattered, or refracted.6 
Acoustic waves are transmitted in liquid media (e.g., 
 pleural e�usions) or through tissues with a high water con-
tent (e.g.,  liver, muscle, consolidated lung, or tumors). �e 
majority of the acoustic waves are re�ected when sounds 
encounter gas (e.g., aerated lungs or a pneumothorax) or 
solids (e.g., bone), because of the signi�cant di�erence 
in  density, a phenomenon known as “acoustical imped-
ance.”1–3,5 Anatomical structures beyond the visceral pleura 
are  therefore not discernible by means of ultrasonogra-
phy in the non-diseased and aerated lung.1,2 Sound waves 
may also be scattered by microscopic structures that are  
smaller than their wavelength.6 Waves may be refracted 

(curved) as they travel from one tissue to the next, resulting 
in a decrease in their velocity, which can potentially produce 
“edge shadowing” artifacts. Several other forms of artifacts 
may be observed; some can be helpful and allow improved 
 characterization of a disease processes, or alternatively may 
limit image quality.6

�e re�ections of sound waves are echoes, which are 
captured by the transducer and converted back to electrical 
pulses, processed, and transformed into a digital grayscale 
image.2,3 �e intensity and distribution of the pixels appear-
ing on the screen is determined by the direction, intensity, 
and time elapsed from sound emission to capture (which 
corresponds to the depth of the interface producing the 
echo).1–4,6 An increasing di�erence in acoustic impedance 
between interfaces will result in echoes of increasing inten-
sity. �e echogenicity of any lesion is de�ned relative to that 
of the liver, which is arbitrarily considered to be isoechoic.1,6 
Fluid will in general appear black, and solid organs will 
have variable echogenicity depending on their �uid content 
and fraction of re�ected waves.

ULTRASOUND EQUIPMENT

Adequate transthoracic ultrasonography can be per-
formed by means of the most basic, entry-level 2D black-
and-white US equipment.2–5 A low-frequency curvilinear 
probe (2–6  MHz) is ideal for screening super�cial and 
deeper structures, whereas a high-frequency linear probe 
(7–12  MHz) is used for re�ned assessment of an abnor-
mal chest wall or pleura, as it provides better resolution 
closer to the probe (but with less penetration).1–6 Modern 
US units have  speci�c presets that can be used for thoracic 
US imaging.6 �e abdominal preset is routinely used for 
low-frequency inspection, whereas the musculoskeletal or 
thyroid preset can be used for high-frequency scanning 
(including re�ned visualization of the pleura).6 �e real-
time images should be enhanced with the “depth” and 
“gain” functions.1–5 �e depth function is analogous to a 
digital zoom and determines what portion of the scanned 
image is displayed on the monitor at a certain magni�ca-
tion. �e scale is displayed on a vertical axis. Ideally, the 
depth should be adjusted in such a way that the area of 
interest �lls the digital screen. Obese subjects or patients 
with a large e�usion or intrathoracic tumors may require 
a depth setting of up to 12 cm. High-frequency scanning 

Table 17.1 Main indications of transthoracic US

To assist in the clinical evaluation of patients who present with pleuritic chest pain or breathlessness
The detection, quantification, and assessment of the nature of pleural effusions
The evaluation of pleural thickening, adhesions, loculations, and pleural tumors
The evaluations of chest wall tumors and other chest wall abnormalities
The detection of a pneumothorax, including in emergency settings and following high-risk procedures
To detect diaphragmatic paralysis and assess other causes of a perceived high hemidiaphragm
The visualization of pulmonary pathology that abuts the chest wall, including tumors, consolidation, and interstitial 

syndromes
To localize pleural fluid prior to thoracocentesis, tube drainage, closed pleural biopsy, and thoracoscopy
To guide biopsy of chest wall masses, pulmonary tumors that abut the pleura, and mediastinal tumors
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is performed at a maximum depth of around 3 to 4 cm. 
�e gain is a measure for the ampli�cation of the echoes 
and determines the brightness of the image and should be 
adjusted to maximize the  contrast between tissues. Echoes 
from deeper structures will always be weaker than those 
from super�cial structures. To  compensate for this, the 
returning signal requires ampli�cation.6 �is is accom-
plished by the time gain compensation (TGC) control, 
whereby the degree of ampli�cation at di�erent positions 
can be adjusted.6 Increasing ampli�cation is required with 
increasing distance from the transducer. �e “freeze” 
function allows for the capturing of still images, and for 
performing measurements with the appropriate keys and/
or the trackball. Only experienced users should change 
advanced parameters, such as dynamic range, time gain 
compensation, and sector width or frequency.

Most current US units o�er motion-mode (M-mode) 
and color �ow Doppler scanning; these are useful although 
not essential additions for basic pleural scanning. M-mode 
allows the depiction of temporal changes (motion of the 
interfaces toward and away from the transducer is dis-
played). �e depth of echo-producing interfaces is dis-
played along one axis and time is displayed along the 
second axis.5,6

Color �ow Doppler scanning employs the Doppler e�ect 
(or shi�) to measure whether structures (usually blood) are 
moving toward or away from the probe and what the rela-
tive velocity of that movement is. �is is determined by the 
change in frequency relative to transmitted frequency that 
occurs when waves encounter an object that is  moving 
 relative to the source of the waves.6 �e Doppler  information 
is conventionally graphically depicted as shades of color, with 
red representing blood �ow toward and blue away from the 
transducer.6

 PATIENT POSITIONING AND SCANNING

Sonographic access to the chest can be achieved via inter-
costal spaces, supraclavicular fossae, and upper abdomen. 
�e optimal patient position for scanning is a paramount 
but underappreciated aspect. Critical care and emergency 
 medicine physicians most o�en screen acutely ill patients 
in the supine position and evaluate eight chest areas 
(Figure 17.1). �e respiratory physician, on the other hand, 
can employ transthoracic ultrasonography as an adjunct 
to clinical assessment, as an additive investigation to rou-
tine radiology, or prior to the performance of transthoracic 
interventions. A patient’s chest radiograph and computed 
tomography (CT) scan potentially may not only identify 
the area of interest but also guide the positioning of the 
patient.2,3 �e posterior chest, for example, is best scanned 
with the patient in the sitting position using a bedside 
table as an armrest (Figure 17.2) or, alternatively, sitting 
on a chair leaning forward against the back of the chair, 
whereas the lateral and anterior chest wall can be exam-
ined with the patient in either the lateral decubitus or the 
supine position.

Many physicians hold the transducer in a longitu-
dinal (vertical) plane with the transducer indicator in a 
cephalad position.1 Although this technique has poten-
tial advantages (e.g., potentially greater sensitivity for 
pneumothoraces), superior visualization of the pleura 
and peripheral lung tumors and consolidated lung can 
be achieved by examining along the intercostal spaces 
(Figure 17.2).1–3 Pulmonary specialists, therefore, o�en 
utilize this technique. Raising the arm above the patient’s 
head increases the intercostal space distance and aids in 
scanning in erect or recumbent positions. A patient can 
fold the arms across the chest to displace the scapulae 
when scanning the upper posterior thorax. Superior sul-
cus pathology can be visualized apically with the patient 
in the supine or sitting position.

Once the patient is adequately positioned and the area 
of interest is identi�ed, liberal application of gel is the �nal 
step prior to scanning.2,3 It is advisable to hold the probe 
like a pen with the outer part of the hand in contact with 
the skin (Figure 17.2), to reduce ambient lighting and to 
focus on the  screen while the dominant hand moves the 
probe across the area of interest and the other hand is used 
to  optimize the image by adjusting the depth and gain. 
Findings can be compared with the contralateral side, 
which can be used as a control.

 DIAGNOSTIC PLEURAL AND CHEST 
WALL ULTRASONOGRAPHY

NORMAL CHEST

�e initial surveillance of a normal chest wall with the low-
frequency probe will yield a series of echogenic layers of 
skin, muscles, and fascia planes (Figure 17.3). Ribs appear 
as curvilinear structures on transverse scans and are 
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Figure 17.1 The four chest areas per side considered for 
complete eight-zone lung ultrasound examination. Areas 1 
and 2 denote the upper anterior and lower anterior chest 
areas, respectively, whereas areas 3 and 4 denote the 
upper lateral and basal lateral chest areas. AAL,  anterior 
axillary line; PAL, posterior axillary line; PSL, parasternal 
line. (Modified from Volpicelli G et al., Intensive Care Med., 
38, 577–591, 2012.)
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 associated with posterior acoustic shadowing. When the 
ribs are scanned longitudinally, the anterior cortex appears 
as a continuous echogenic line.

On low-frequency scanning, visceral and parietal 
 pleurae appear as a solitary highly echogenic line no more 
than 2 mm in width representing the pleura and pleuropul-
monary interface.1–5 On a longitudinal view, the pleural line 
will appear approximately 5 mm deeper than the external 
rib cortex.4 �e visceral and parietal pleurae can be seen as 
two distinct echogenic lines on a high-frequency US scan, 
with the parietal pleura appearing thinner.2–5 �e two layers 

slide over each other during normal respiration, resulting in 
the so-called “lung sliding” sign, which can be best appreci-
ated on longitudinal (vertical) real-time scanning close to 
the diaphragm.1–6 �e presence of lung sliding has a high 
negative predictive value for pneumothorax.1–5

�e normal lung cannot be visualized on ultrasonog-
raphy. �e large change in acoustic impedance at the 
pleura–lung interface gives rise to a random snowstorm 
pattern with horizontal artifacts that are seen as a series of 
 echogenic parallel lines equidistant from one another below 
the pleura. �ese lines diminish in intensity with increasing 
distance from the pleura and are known as reverberation 
artifacts or “A-lines” (Figure 17.3).1–6 Short, vertical “comet-
tail” artifacts (Figure 17.3) may be seen at the pleura–lung 
interface (perpendicular to the pleura) in normal individu-
als, particularly at lung bases; they are most likely caused 
by �uid-�lled subpleural interlobular septae.2–6 “B-lines” 
are longer, vertical artifacts that obliterate A-lines, move 
synchronously with lung sliding, and are considered 
pathological.1

�e diaphragm is best assessed through the liver or the 
spleen and appears as an echogenic 1- to 2-mm-thick line, 
which contracts with inspiration.1–5 �e movement of the 
diaphragm should be unidirectional, although a degree of 
asymmetry may be observed.2–5 During normal inspiration, 
the diaphragm and underlying structures may be obscured by 
the aerated lung, a phenomenon known as “curtain sign.”2–4 
�e diaphragm may cause signi�cant re�ection of US waves, 
sometimes resulting in a “mirror image” whereby the liver or 
spleen may be seen on both sides of the diaphragm.6

 CHEST WALL AND SKELETAL PATHOLOGY

US is ideal for visualizing so�-tissue masses arising from 
the chest wall (Figure 17.4). Masses may have variable echo-
genicity, and �ndings are too nonspeci�c to di�erentiate 
between etiologies.2–4

Figure 17.2 The posterior chest is best scanned with the patient in the sitting position using a bedside table as an armrest. 
It is important to ask the patient to fold their arms across the chest when surveying the superior posterior chest. Note the 
way in which the probe is held.

S

CW

P
C

A

L

A

Figure 17.3 The typical appearance of normal chest on 
ultrasound (high-frequency transverse image through 
the intercostal space). The chest wall appears as  multiple 
 layers of echogenicity representing muscles and  fascia. The 
visceral (more echogenic) pleura will slide over the parietal 
pleura slide during respiration. A-lines are reverberation 
artifacts beneath the pleural line. S, skin; CW, chest wall; P, 
pleura; L, lung; A, A-line; C, comet tail artifact.
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Metastases to the ribs appear as hypoechoic masses that 
interrupt the rib echogenicity and disrupt the cortical line.8 
US is also reported to be more sensitive than radiography in 
the detection of rib fracture, which appears as a breach or 
displacement of the cortex of the rib with or without local-
ized swelling or hematoma.2

PLEURAL EFFUSIONS

�e value of ultrasonography for the detection of pleural e�u-
sions is uncontested. It may also aid in assessment of the nature 
and volume of an e�usion.2 US is more sensitive than decubi-
tus expiratory �lms in identifying minimal or loculated e�u-
sions.2,3 An uncomplicated pleural e�usion is detected as an 
anechoic, homogeneous space between parietal and visceral 
pleura (Figure 17.5) that varies during respiration.1–3 Pleural 
adhesions may result in the absence of lung motion above the 
e�usion.2–4 Passive atelectasis of the lung inside the e�usion 
may give rise to a tongue-like structure that undulates spon-
taneously (Figure 17.6).3 If an apparent elevation of a hemi-
diaphragm is noted on the chest radiograph, subpulmonary 
e�usion can be di�erentiated from subphrenic �uid collection 
and diaphragmatic paralysis.3

�e etiology and chronicity of an e�usion may cause vari-
ations in the ultrasonographic appearance of a pleural e�u-
sion, and four patterns are recognized based on the internal 
echogenicity: anechoic (Figures 17.5 and17.6), complex non-
septated (Figure 17.7), complex septated (Figure 17.8), and 
homogenously echogenic (Figure 17.9).2–5 Transudates give 
rise to anechoic and free �owing e�usions, whereas complex, 
septated, or echogenic e�usions are typically exudates.4,5

CW
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D

Figure 17.5 A pleural effusion gives rise to an anechoic 
space between visceral and parietal pleura. Note the 
chest wall (CW), pleural effusion (E), and diaphragm (D) 
on this low-frequency scan.
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Figure 17.6 A high-frequency ultrasound revealing a 
 effusion (E) with compressive atelectasis of the lung (L). CW, 
chest wall.

Figure 17.7 An example of a complex non-septated 
 effusion. Movable echogenic spots are present 
(arrowheads).

M

Figure 17.4 A low-frequency ultrasound scan revealing a 
mass arising from the chest wall. This mass was found to 
be a plasmacytoma with the aid of an ultrasound-guided 
biopsy. M, mass.
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In�ammatory e�usions are o�en associated with strands 
of echogenic material and septations (Figure 17.8), which 
show more or less mobility on real-time US.2–4 Studies have 
shown that patients with septated e�usions need longer 
chest tube drainage, require longer hospital care, and are 
more likely to require surgery compared with those with 
nonseptated e�usions.9,10

�e echogenicity of malignant e�usions varies, but the 
appearance of the pleura is o�en indicative of a  neoplastic 
etiology (Figure 17.10).2–4 Qureshi et al.11 were able to 
 identify 73% of malignant e�usions based on the US 
appearance of pleura, with speci�city and positive pre-
dictive  values both of 100%. Furthermore, they correctly 
 identi�ed all benign e�usions. Parietal pleural thickening 
>10 mm, pleural nodularity, and diaphragmatic thicken-
ing >7 mm were found to be suggestive of a malignant 
e�usion.11 Other �ndings suggestive of pleural malig-
nancy included visceral pleural thickening, diaphrag-
matic nodularity, and hepatic metastases.3

Ultrasonographic estimations of pleural volume show 
reasonable correlation with measured e�usion volumes 
and are superior to volumes estimated by radiographic 
 measurement.12,13 Geometric calculations are complex, and 
pleural adhesions and the uneven distribution of �uid may 
result in inaccurate estimations.12,13 A more practical way to 
classify the volume of an e�usion is simply to classify e�u-
sions in the sitting position as (1) minimal, if the echo-free 
space is con�ned to the costophrenic angle; (2) small, if the 
space is greater than the costophrenic angle but still within the 
range of the area covered with a 3.5-MHz curvilinear probe; 
(3) moderate, if the space is greater than a one-probe range but 
within a two-probe range; and (4) large, if the space is greater 
than a two-probe range.2–5

 PLEURAL THICKENING AND TUMORS

Pleural thickening is de�ned as a focal echogenic lesion with  
or  without an irregular margin arising from the  visceral 
or parietal pleura that is greater than 3 mm in width 
(Figure  17.11).2–4 Distinguishing pleural thickening from 
small e�usions can be challenging. Pleural  thickening does 
not contain movable strands or echo densities, nor does it 
display movement relative to the chest wall during respira-
tion.2,3 Transmitted motion during  respiratory or cardiac 
cycles causes a color signal within e�usions on Doppler, 
known as the “�uid color sign.” It is the most  sensitive and 
speci�c feature that di�erentiates a small  e�usion from pleu-
ral thickening.14

Benign pleural tumors give rise to well-de�ned rounded 
masses on either the parietal or the visceral pleura. �ese 
masses have variable echogenicity (depending on their fat 
content). Both metastatic pleural tumors (Figure 17.9) and 
malignant mesothelioma appear as polypoid pleural nodules 
or irregular sheetlike pleural thickening, o�en with large 
pleural e�usions.2–5,11
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Figure 17.8 A complex septated effusion with numerous 
septae (S) and loculations (L).

Figure 17.9 This ultrasound image was obtained from a 
patient with a long-standing empyema. Note the diffuse 
echogenic shadowing.
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Figure 17.10 This low-frequency ultrasound image obtained 
from a patient with a malignant effusion. Note the large 
pleural effusion (E), diaphragmatic metastases (M), 
 atelectatic lung (L), and chest wall (CW).
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 PNEUMOTHORAX AND 
HYDROPNEUMOTHORAX

A pneumothorax can be reliably diagnosed by the absence 
of normal lung sliding and lung pulse, exaggerated A-lines, 
absence of B-lines, and presence of a lung point.1–4,15 �e 
“lung pulse” is caused by the transmission of the cardiac 
pulsation to the parietal pleura (more prominent in the le� 
lung and best appreciated in M-mode). It is absent when air 
separates the pleural surfaces.1 A-lines are accentuated by 
the presence of air in the pleural space, whereas B-lines dis-
appear if the pleural surfaces are not in contact. A “lung 
point” is the particular location on the chest wall where a 
clear transition between presence and absence of normal 
lung sliding is seen (while scanning a supine patient from 
anterior to lateral). It is caused by air collecting anteriorly 
in the pleural space and can be used to delineate the bound-
aries of the pneumothorax.1–3,15 Pleural adhesions, bullous 
lung disease, subcutaneous emphysema, and diaphragmatic 
paralysis may reduce the sensitivity of transthoracic US for 
the detection of a pneumothorax.1,15

M-mode may assist in the diagnosis of a pneumothorax. 
Normal lung sliding will produce a characteristic “waves 
on a beach” or “seashore” sign (Figure 17.12) when a line is 
viewed that includes the chest wall, pleura, and lung.15,16 �e 
 super�cial layers remain motionless and have a horizontal 
pattern of lines (the waves), whereas the space distal to the 
pleural line appears granular (the seashore) as the motion of 
the normal lung is re�ected all over this area. In the presence 
of a pneumothorax, the granularity of the lung with respira-
tion is lost, giving rise to the “bar-code” sign (waves with no 
seashore).

Point-of-care ultrasonography has a higher sensitivity and 
similar speci�city compared to chest radiography for the diag-
nosis of a pneumothorax.15 It is particularly useful in intensive 
care units and in other locations where radiographic equip-
ment is not readily available.16 Ultrasonography is superior to 

chest radiographs in diagnosing pneumothoraces in patients 
following blunt chest trauma.17 In a prospective study, pleu-
ral ultrasonography was found to have a sensitivity of 92% 
for pneumothorax, compared to a routine chest radiograph’s 
sensitivity of only 52%. Pneumothorax following trans-
bronchial biopsy can be reliably excluded with US in most 
patients in the absence of signi�cant bullous lung disease.15,18

Hydropneumothorax can also be identi�ed with 
 ultrasonography by means of visualization of a dynamic 
air–�uid boundary.19 �e sliding sign above the air–�uid 
level will be absent. Intermittent obscuring of the  underlying 
e�usion by reverberation artifacts originating from the air 
within the pleura may give rise to the curtain sign.19

 TRANSTHORACIC ULTRASONOGRAPHY 
BEYOND THE PLEURA AND CHEST 
WALL

PULMONARY PATHOLOGY

Virtually any pulmonary disease can become detectable 
on ultrasonography provided pleural contact is present.2–4 
“Lung consolidation” refers to a region with a tissue-like 
echotexture, and it may be caused by pneumonia, atelec-
tasis, pulmonary contusion, lung tumors, and pulmonary 
embolism. Additional signs are required to distinguish the 
various causes.1

Pneumonic consolidation frequently appears less 
 extensive on US than on chest radiography (Figure 17.13).2 
�e parenchyma appears echogenic, comparable to the 
liver, and may contain air and �uid bronchograms.1 
Air bronchograms are seen as echogenic branches and 
 echogenic foci that �uctuate with respiration.2–5 Multiple 
�eeting shadows are less frequently seen and are referred 

Figure 17.12 M-mode is sometimes employed to aid in 
the diagnosis of a pneumothorax. Normal lung sliding will 
produce a characteristic waves on a beach or seashore sign 
when a line is viewed that includes subcutaneous  tissue, 
chest wall, pleura, and lung In the presence of a pneumo-
thorax, the granularity of the lung with respiration is lost, 
giving rise to the “bar-code” sign (waves with no seashore).

PT

Figure 17.11 A typical example of pleural  thickening 
(PT) on high-frequency ultrasound scanning. Note 
the hypoechoic appearance with distal enhancement 
 (suggestive of chronicity) seen in this patient who was 
previously treated for tuberculous pleuritis.
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to as “dynamic” air bronchograms.1 Fluid bronchograms 
are �uid-�lled airways giving rise to anechoic tubular 
structures and are associated with bronchial obstruction 
or extensive pneumonic consolidation.1–3 A lung abscess 
appears as a hypoechoic lesion with a well-de�ned or 
irregular wall, provided it abuts the chest wall.2–5 �e 
center is most o�en anechoic, but internal echoes may 
be seen.2

Pulmonary infarction may result in a peripheral wedge-
shaped hypoechoic region, frequently accompanied by a 
pleural e�usion.20,21 Pulmonary embolism should be con-
sidered to be present when two or more characteristic tri-
angular or rounded pleura-based lesions are visualized and 
probable if one typical lesion with a corresponding small 
pleural e�usion is present.21

Lung tumors abutting the chest wall are discernible on US 
as hypoechoic regions with posterior acoustic enhancement 
(Figure 17.14).2–5 Loss of movement with respiration sug-
gests extension beyond the parietal pleura.2 High-resolution 
US is superior to CT in evaluating tumor invasion of the 
chest wall.2–5,22

Multiple bilateral B-lines are indicative of an “intersti-
tial syndrome,” which may be due to pulmonary edema, 
interstitial pneumonia or di�use parenchymal lung 
 disease, or other interstitial diseases.1–3 B-lines are long, 
laser-like vertical hyperechoic artifacts that are consid-
ered pathological (Figure 17.15). �ey obliterate A-lines, 
generally extend to the bottom of the screen, and move 
synchronously with lung sliding.1 B-lines in the setting 
of a breathless patient have been shown to be reliable in 
di�erentiating chronic obstructive airway disease from 
pulmonary edema.23

DIAPHRAGMATIC PATHOLOGY

Diaphragmatic paralysis causes paradoxical movement, 
which can be accentuated by forced inspiration (the “sni�” 
test).2,3,24 US not only has been shown to be more accurate 

than �uoroscopy but also has the distinct advantage of 
being available at the point of care.3

HEART AND UPPER ABDOMEN

A limited assessment of the mediastinum and upper abdo-
men may be indicated in patients with pleural disease. 
�e heart can be visualized on 2D US as a dense hyperechoic 
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Figure 17.13 Consolidated lung (CL) on a low-frequency 
ultrasound. Note the tissue-like echotexture (resembling 
that of the liver). H, heart.
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Figure 17.15 The interstitial syndrome: B-lines (B) are 
long, laser-like vertical hyperechoic artifacts.
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Figure 17.14 (a) A computed tomography 
scan and (b) a low-frequency ultrasound 
image obtained from the same patient with a 
peripheral a lung mass (M) with posterior echo 
enhancement. CW, chest wall; P, pleura.
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structure that surrounds anechoic chambers and undergoes 
rhythmic contraction. Color �ow Doppler may be utilized to 
provide further con�rmation of its localization prior to pleu-
ral procedures, particularly with complex pleural anatomy.1 
A pericardial e�usion may be associated with pleural malig-
nancy and should always be sought in patients with pleu-
ral e�usions. Likewise, the identi�cation of liver and other 
metastases may be highly relevant in patients with suspected 
thoracic cancer.11

 ULTRASOUND-GUIDED 
INTERVENTIONS

PRINCIPLES

US is an ideal guide for various transthoracic procedures 
as it allows for the accurate selection of an insertion site, 
thereby potentially increasing the success rate and mini-
mizing the risk compared to a blind procedure.2,3,25–28 
Reusable probes designed for real-time guidance are com-
mercially available and are o�en combined with dispos-
able biopsy needles.25–27 �e majority of clinicians still use 
the “freehand” image-assisted technique.2,3,27 �e patient 
should be suitably  positioned for this technique, whereaf-
ter the area of interest is identi�ed and the overlying skin 
marked. �e procedure is then performed, without reposi-
tioning the patient and at the appropriate depth identi�ed 
from the preceding scanning. Viscera and major blood 
vessels should be identi�ed to avoid laceration or injury.2,27 
Transthoracic US has the added advantage of being a vali-
dated screening method for post-procedural pneumotho-
races. �e loss of lung sliding on US is potentially more 
sensitive than chest radiographs in the detection of pneu-
mothoraces, provided no signi�cant bullous lung disease 
or pleural adhesions are present.15,17,18

THORACOCENTESIS

US guidance improves the success rate of pleural  aspirations, 
which may be as high as 97%.29 �e largest and most acces-
sible area of �uid accumulation can be identi�ed, and 
an aspiration can easily be performed by means of the 
 freehand technique. Moreover, US guidance decreases the 
risk of pneumothorax as a complication of thoracocente-
sis, irrespective of the size of the e�usion.25,26 �is may be 
particularly important when safety is mandatory, e.g., in 
critically ill patients.2,3,25,26 In fact, a recent study suggested 
that US-guided thoracocentesis is safe even in patients 
with a range of bleeding diatheses and that correction of 
 abnormalities does not in�uence risk.30

TUBE THORACOSTOMY

It is strongly recommend that US guidance should be used 
for all pleural �uid drainage, as it can identify the optimal 

site for safe and e�ective intercostal drainage (ICD).25,26 
US detects pleural septations and thickening with greater 
sensitivity than CT.2–4,25,26 It is essential to use US as a 
guide for ICD insertion in patients with loculated para-
pneumonic e�usions, thickened parietal pleura, and 
adhesions or loculations that would complicate insertion 
and in critically ill patients.2–4 �e planned insertion site 
should have  su�cient depth of pleural �uid of ≥10 mm, no 
intervening lung, and minimal risk of visceral trauma.26 
Laceration of the intercostal neurovascular bundle may 
occur regardless of  precautions, as these structures may 
have a torturous course that may run medially to the 
angle of the rib.26

Real-time US guidance can be utilized to insert small-
bore catheters (8–14 F) by means of 18- or 16-gauge needles. 
Small-bore drains have been shown to be better  tolerated 
than large-bore drains and are probably as e�ective, 
 provided a strict rinsing schedule can be guaranteed.31,32

CLOSED PLEURAL BIOPSY

US guidance not only increases the diagnostic yield but 
also minimizes the risk of closed pleural biopsy compared 
to blind procedures, as a more accurate and safer biopsy 
site can be selected.25–27 Pleural-based masses may be 
sampled even in the absence of an associated e�usion.27,33 
Pleural biopsy should be aimed at areas of di�use or 
nodular pleural thickening, and general safety measures 
must be adhered to. In the absence of pleural thickening, 
specimens should be harvested from parietal pleura as 
close to the diaphragm as possible, as these areas are more 
likely to contain secondary spread from visceral pleural 
metastases in suspected malignancy.27 US-assisted pleu-
ral biopsy is also more likely to be diagnostic if at least 
six specimens are harvested and if biopsies are performed 
in the presence of pleural thickening >10 mm, pleural 
 nodularity, and solid pleural tumors.27 It has even been 
suggested that US-guided closed biopsy may o�er a read-
ily accessible, less invasive, rapid, and low-cost alternative 
to thoracoscopy.27

Unaided closed pleural biopsy has a modest diagnos-
tic yield for pleural malignancy (<60%). Early studies 
found the yield of US-guided Tru-cut pleural biopsy to 
be as high as 77% for pleural malignancies (87% for all 
pathologies).34 Many subsequent studies have con�rmed 
the superiority of US-guided biopsy over unaided proce-
dures.35,36 US-guided Abrams needle biopsy has a yield of 
83%-90% for maligancy.37 US-guided core needle biopsy 
has a sensitivity of 77% and a speci�city of 80% for diag-
nosing mesothelioma.35 �e yield may be as high as 100%, 
provided that the mesothelioma extends at least 20 mm in 
any accessible dimension on US.36 US-guided biopsy has 
been shown to have a yield of 80% for malignant meso-
thelioma even in the absence of an associated e�usion.33 
Tuberculous pleuritis is more homogenously distributed 
than malignant disease, and US-guided needle biopsy has 
a yield of 80%–90% for pleural tuberculosis.38
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 OTHER ULTRASOUND-GUIDED 
TRANSTHORACIC BIOPSIES

US-guided aspiration of pulmonary consolidation of 
unknown etiology has a yield of up to 93%.39 Moreover, 
US-assisted aspiration will yield a microbiological diagno-
sis in more than 90% of peripheral lung abscesses, which 
is signi�cantly higher than the yield of blood cultures in 
this setting. Contamination of the pleural cavity remains a 
 theoretical concern.40

Chest wall tumors and pulmonary masses that abut the 
pleura are suited for transthoracic US-assisted biopsy, as no 
aerated lung needs to be traversed.2–4 US-guided transtho-
racic �ne needle aspiration (TTFNA) is performed under 
local anesthesia, ideally with a 22-gauge injection-type or 
spinal needle. Cutting needle biopsies (CNBs) are more 
invasive and carry a higher risk of visceral or vascular 
trauma.2–4 US-assisted TTFNA and CNB have a combined 
yield of almost 90% in chest wall, pleural, and peripheral 
lung masses.36 US-guided TTFNA is superior to CNB in 
con�rming a diagnosis of bronchogenic carcinoma, whereas 
CNB is superior in other lesions.41 �e reported pneumo-
thorax rate of US-assisted TTFNA is approximately 1%, and 
with CNB it is on the order of 4%.39

US-assisted TTFNA with rapid on-site evaluation 
(ROSE) can be employed as �rst-line investigation in medi-
astinal masses, as a de�nitive diagnosis can be made in over 
90% of cases without the aid of a radiologist or a thoracic 
surgeon.42

 BASIC COMPETENCY IN PLEURAL 
ULTRASONOGRAPHY

Pleural US will remain an operator-dependent modality 
during which image acquisition and interpretations occur 
simultaneously.2,3,25,26,43–45 Basic pleural US training and 
nomenclature are currently being standardized, and some 
form of certi�cation in basic competency in ultrasonogra-
phy is provided in many countries.2,3,25,26,43–45 �e Critical 
Care Network of the American College of Chest Physicians, 
in partnership with La Société de Réanimation de Langue 
Française, identi�ed pleural and lung ultrasonography as 
two core areas in a consensus statement on competency 
in ultrasonography.43 It was suggested that basic knowl-
edge and skills are required in �ve main areas: (1) basic US 
physics; (2) knowledge of machine controls and transducer 
manipulation; (3) knowledge of normal and abnormal anat-
omy, and the pathophysiological consequences of observed 
abnormalities; (4) knowledge of image interpretation, clini-
cal application, and the limitations of ultrasonography; and 
(5) knowledge of when an examination is beyond the techni-
cal or interpretive capability of the clinician.43 �e  statement 
also described the basic technical (image  acquisition) and 
cognitive (interpretation) elements required for competency 
in pleural ultrasonography.

�ree levels of expertise are recognized in Europe.45 
Level 1 competency includes (1) the recognition of  normal 
anatomy of the pleura and diaphragm; (2) identi�cation of 
the heart, liver, and spleen; (3) recognition of a pleural e�u-
sion and estimating its depth; (4) di�erentiating a pleural 
e�usion from thickening; (5) identi�cation of consolidated 
lung; and (6) guided thoracocentesis and ICD placement.45  
A training course, supervised practice (including a  minimum 
of 200 examinations in total), and acquisition of speci�c 
competencies are required for level 1 accreditation.45 Level 2 
accreditation requires 1 year of practical experience of tho-
racic US and an additional 300  examinations (a�er obtain-
ing level 1). Level 3 accreditation is reserved for experts.

CONCLUSIONS

All respiratory trainees should obtain at least basic (level 1) 
pleural ultrasonography competency, given its usefulness as 
a diagnostic modality and its ability to guide interventions 
and minimize procedure-related complications. �e main 
indications of transthoracic ultrasonography remain the 
qualitative and quantitative assessment of pleural e�usions, 
investigation of pleural thickening and pleural tumors, and 
assessment of chest wall abnormalities. Transthoracic ultra-
sonography performed by clinicians has higher sensitivity 
and similar speci�city compared with chest radiography for 
the diagnosis of a pneumothorax. US can visualize various 
pulmonary pathologies, provided they abut the pleura. It 
can also be used to screen for pulmonary congestion and 
infarction in the breathless patient. US guidance is cur-
rently considered the standard of care for thoracocentesis 
and drainage of e�usions. US-guided �ne needle aspira-
tion and CNB of lesions arising from the chest wall, pleura, 
peripheral lung, and mediastinum are safe and have a high 
yield in the hands of clinicians.
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ROSLYN FRANCIS AND ANNA NOWAK

KEY POINTS

 ● Characterizing pleural disease: FDG PET has a high sensitivity for detection of pleural malignancy and is use-
ful to guide diagnostic biopsy. False positive activity is, however, seen in previous talc pleurodesis and in pleural 
in�ammation.

 ● Staging of MPM: FDG PET-CT is useful in “M” staging of MPM, as it has a higher sensitivity than other imaging 
modalities for the detection of unexpected metastatic disease.

 ● Prognosis in MPM: �e intensity of metabolic activity and the burden of metabolically active disease are both 
important for prognosis in patients with MPM.

 ● Response assessment: Early studies suggest FDG PET is promising for response evaluation in MPM, and may be 
complimentary to CT imaging. Multicenter studies with harmonization of imaging protocols and response criteria 
are however required to establish a clinical role for FDG PET in response assessment in MPM.

 ● Non-FDG tracers: Several non-FDG PET tracers appear promising in MPM; however, all remain currently in the 
research domain.

INTRODUCTION

Nuclear Medicine is an imaging modality that uses 
 radioactive tracers to image biological processes. Positron 
emission tomography (PET) has emerged over the last 
few decades as a valuable technique in Oncology for 
prognosis, staging, and therapeutic monitoring in many 
solid tumors. Most cameras now combine PET with CT 
(PET-CT), with the CT component used for attenuation 
correction of images and for anatomic localization. �e 
combination of PET and CT provides volumetric whole 
body functional and anatomical imaging.1

PET isotopes are labeled to molecules in order to 
 target biological processes, cell receptors, or  extracellular 
 targets.2–4 PET imaging has high  sensitivity and can 

detect molecules in vivo in the nanomolar to picomo-
lar  range. �erefore labeled molecules only require to 
be injected in “tracer” doses and the  molecule itself 
does not have a  physiologic e�ect. Most tracers require 
an uptake  phase between administration and imag-
ing in order to  allow clearance from the blood and suf-
�cient lesion  to   background activity to facilitate lesion 
visualization.

�e most common PET tracer used in clinical practice is 
2-deoxy-2-[18F]�uoro-D-g1ucose F-18 (FDG). FDG is taken 
up into cells using active and passive transport, and then 
undergoes phosphorylation by hexokinase, before being 
trapped in the cell. Most solid malignancies demonstrate 
increased glucose metabolism of cancer cells compared with 
normal tissues, due to upregulation of glucose transporters 
and hexokinase activity. A recent study has con�rmed this 
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relationship in mesothelioma, with the intensity of FDG 
activity in mesothelioma related to both upregulation of 
Glut-1 transporter expression and hexokinase expression by 
immunohistochemistry.5

FDG PET is showing considerable promise in the 
 management of patients with suspected or con�rmed 
malignant pleural disease, however, as mesothelioma 
represents a relatively rare malignancy, published stud-
ies are mostly single center with relatively small patient 
 numbers.6–8 �is chapter discusses the role of FDG PET in 
characterization of suspected malignant pleural disease, 
staging of mesothelioma, prognostic strati�cation, and 
response to therapy. �e emerging research in non-FDG 
tracers in mesothelioma will also be reviewed, with areas 
of developing research addressed.

 CHARARCTERIZING PLEURAL DISEASE

FDG PET is inherently complimentary to CT imaging, as 
it is a technique that characterizes tumor behavior and 
biology, rather than being solely dependent on anatomic 
features such as size or shape. �e characterization of 
pleural masses by FDG PET imaging has been shown 
to have utility in di�erentiating benign from malignant 
etiology, as well as providing a “target” for biopsy in 
order to obtain tissue for diagnosis. Pleural malignancy, 
whether due to mesothelioma or metastatic etiology, 
is usually associated with intense metabolic activity 
(Figure  18.1).7 Pleural in�ammation/infection can, 
however, also be associated with increased FDG activity, 
and this can provide a diagnostic challenge. Despite this 
limitation, several studies have demonstrated the bene�t 
of FDG PET for guiding the di�erentiation of benign and 
malignant pleural diseases.9

Bury et al. demonstrated the potential utility of FDG 
PET to di�erentiate benign from malignant pleural dis-
ease in 25 patients, 16 with malignant and 9 with benign 
 disease.10 �ere was intense FDG activity in 14 of the 
16 malignant cases, and moderate activity in the remain-
ing two malignant cases.10 Seven of the benign cases were 
negative on FDG PET, with two infectious/ in�ammatory 
conditions having moderate activity.10 Bénard et al. 
assessed 28 patients (24 malignant, 4 benign) with FDG 
PET and demonstrated that the uptake of FDG was sig-
ni�cantly higher in malignant than in benign lesions 
imaging.11 Gerbaudo et al. reported similar results, with 
an overall sensitivity, speci�city, and accuracy of FDG 
imaging to diagnose mesothelioma of 97%, 80%, and 
94%, respectively, compared with 83%, 80%, and 82% for 
diagnostic CT.12 �e negative  predictive value of FDG 
PET was shown by Kramer et al. in 32 patients with pleu-
ral thickening of which 19 had malignant etiology and 
13 had benign pleural disease.13 FDG PET had a negative 
predictive value of 92%, and the group of patients with 

minimal FDG activity had a signi�cantly longer sur-
vival than those with metabolically active pleural  disease 
(p = .0005).13

Dual time point FDG PET imaging has been proposed 
to di�erentiate benign from malignant pleural disease.14 
In 229 malignant lesions, including newly diagnosed and 
recurrent lesions, it was shown that FDG uptake increases 
over time in pleural malignancy, and remains relatively 
stable in benign lesions.14 Yamamoto et al. con�rmed that 
malignant pleural lesions were associated with signi�-
cantly increased metabolic activity on delayed imaging; 
however, they found that this did not result in an increase 
in the sensitivity, speci�city, or accuracy of PET to dis-
criminate benign from malignant disease.15

�e utilization of combined PET-CT was assessed in 
a large study of 83 patients with CT evidence of pleu-
ral e�usion (n = 63) or pleural thickening (n = 20) over 
a period of 2 years.16 FDG PET-CT was 100% sensitive, 
94.8% speci�c, and 97.5% accurate to diagnose pleural 
malignancy, with two false-positive results due to pleural 
tuberculosis.16

False-positive FDG activity in pleural lesions 
is  usually due to in�ammatory activity and may 
include  in�ammatory pleuritis, tuberculous pleuritis, 
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Figure 18.1 FDG PET-CT scan showing diffusely increased 
FDG activity throughout the left pleural  surface in a 
patient who presented with a pleural  effusion and had a 
history of asbestos exposure in  childhood. The images 
shown include whole body  maximum intensity  projection 
(MIP) image and  transaxial CT, FDG PET, and fused 
image series.
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or   parapneumonic e�usions.10,13,16 Talc pleurodesis is an 
 important cause of increased FDG activity in pleura, as 
it results in intense FDG uptake, which may persist for 
many years.17,18 FDG uptake may be di�use or focal; 
 however, it is usually associated with high density areas 
on CT at sites of increased metabolic activity in the pleura 
(Figure 18.2).17,19

FDG PET is not 100% sensitive for pleural malignancy, 
and negative scans can be seen due to small tumor size 
or thickness, or due to the biological characteristics of 
the tumor.20 �e epithelioid subtype of mesothelioma 
is  recognized to be less FDG-avid than sarcomatoid or 
mixed subtypes.21 Additionally, pleural biopsy or pleu-
ral �uid cytology is required for histological con�rma-
tion of disease, as both primary pleural malignancy and 
metastatic malignancies may have a similar intensity of 
metabolic activity on FDG PET imaging.22 FDG PET can 
however be used to guide the site of biopsy, to increase 
diagnostic yield.

In summary, FDG PET is a useful technique for the 
noninvasive di�erentiation of benign from malignant 
pleural disease, and can assist in guiding diagnosis. It is 
important to recognize the confounding uptake that may 
occur with talc pleurodesis, and also to be aware that in 
early mesothelioma, FDG PET may not detect disease if 
the burden is small.

 STAGING OF MALIGNANT PLEURAL 
MESOTHELIOMA

Staging of malignant pleural mesothelioma (MPM) using 
UICC/AJCC TNM-staging system, which was proposed 
by IASLC/IMIG, is based predominantly on surgical and 
pathological stage.23 �e accuracy of FDG PET for staging 

using TNM, when compared with surgical or pathologi-
cal stage, is relatively poor, in particular for T stage and 
N stage. It is very di�cult on FDG PET imaging to dif-
ferentiate parietal and visceral pleura, to detect early 
diaphragmatic or chest wall invasion or to di�erentiate 
nodal activity from  mediastinal pleural disease. FDG 
PET-CT has been demonstrated to have improved sen-
sitivity and speci�city for T and N stage compared with 
PET alone; however, accuracy when compared with path-
ological staging remains low. Erasmus et al. reported on 
29 patients staged with FDG PET-CT, and in their cohort, 
the accuracy for T stage was 63% and N stage was 35%.24 
T  stage was understaged on PET-CT in 7/22 patients 
(29%), which was mainly due to failure to detect trans-
diaphragmatic spread or focal chest wall or lung inva-
sion.24 Two patients were overstaged by T stage, both due 
to uncon�rmed pericardial disease extension. PET-CT 
understaged nodal involvement in 6/17 patients and over-
staged in 5/17 patients, when compared with pathology 
from lymph node dissection or sampling.24 �is study did 
however show that PET-CT was useful for the detection 
of unsuspected extrathoracic metastases in 7/29  (24%) 
patients, with these lesions not suspected from clinical or 
radiological examination.24

Contrast CT is frequently used for staging of MPM. 
In a small study of 15 patients, FDG PET-CT was shown 
not to provide additional information about the primary 
tumor compared with contrast CT, but the study demon-
strated that FDG PET-CT was able to identify metastatic 
lymph nodes in 6  patients (40%) that were negative by 
CT  criteria.25 Additionally, unexpected systemic metas-
tases were seen in 3 patients (20%) with FDG PET-CT.25 
Treatment planning was altered in 5 cases (33.3%) based 
on PET-CT �ndings alone.25

�e modalities of contrast CT, FDG PET, FDG PET-CT, 
and MRI were compared in a study of the staging of 
54 patients with limited MPM.26 52 of the 54 patients pro-
ceeded to surgery, with clinical follow-up in the remaining 
2 patients. FDG PET-CT was more precise in staging than 
the other modalities, mainly due to improved accuracy in 
assessment of lymph node metastases compared with CT or 
MRI.26 Additionally, two patients with systemic metastases 
were missed by CT and MRI.26

In summary, FDG PET-CT is superior to PET alone 
for staging of MPM. FDG PET-CT may have some advan-
tage over CT or MRI to assess N status, due to positive 
nodes being identi�ed based on metabolic activity rather 
than size alone. However, the literature suggests that the 
most important role of PET-CT staging in MPM is in the 
detection of unsuspected extrathoracic metastases, which 
may occur in up to 25% of patients (Figure 18.3). In view 
of this, many sites now incorporate FDG PET-CT in the 
work-up of patients planned for surgical resection of 
MPM, to exclude unsuspected metastatic disease prior to 
surgical intervention.

Figure 18.2 FDG PET-CT image of increased FDG  activity 
corresponding to high density talc deposition from 
 previous talc pleurodesis. Three views CT, FDG PET, and 
a MIP image are shown.

A

ARR

HH

A

AR R

RH H

H



Prognosis in malignant pleural mesothelioma 237

 PROGNOSIS IN MALIGNANT PLEURAL 
MESOTHELIOMA

FDG PET images can be semi-quantitatively analyzed 
in order to assess the intensity of metabolic activity in a 
tumor and for anatomical information on size or burden 
of disease. �e intensity of uptake of FDG is assessed using 
 “standardized uptake value” (SUV), which is a measure of 
uptake in tumor normalized to injected dose and patient 
weight or body surface area.

Several studies have demonstrated that in MPM,  a  high 
SUV in tumor is associated with a worse prognosis, with 
regard  to  time to progression (TTP) or overall survival.27–29 
Bénard et al. published the �rst study addressing the prognos-
tic value of FDG PET in 17 patients with MPM.27 �e median 
tumor SUVmean measurements in the patients was 4.03, and 
this was used to de�ne two patient groups, which were clearly 
separated by survival. �e one-year cumulative survival of the 
high SUV group was 17%, compared with 86% one-year sur-
vival in the low SUV group (p < .01).27 Flores et al. reported 
similar �ndings on 137 patients with MPM, and demon-
strated that using a cut-o� of tumor SUVmax of 10, a median 
survival of 9 months was seen in the high SUVmax group and 
21 months for the low SUVmax group (p = .02).28 In a mul-
tivariable analysis, SUVmax greater than  10 was associated 
with a 1.9 times greater risk of death than low standard uptake 
value tumors (p < .01).28

An interesting paper by Gerbaudo et al. has proposed 
that the pattern of metabolic activity in MPM may have 
prognostic importance.29 Four typical patterns of disease 
seen at recurrence were described, including focal, linear, 
di�use or encasing patterns. Focal or linear patterns of FDG 
uptake were associated with improved prolonged recurrent–
free survival compared with mixed or encasing patterns 
of activity.29 Multivariate analysis showed that the only 
 independent predictors of survival following recurrence 
were the intrathoracic PET pattern of uptake in recurrent 

disease (relative risk: 2.34; p = .01), and the PET-N status 
(relative risk: 2.26; p =.05).

�ere has been increasing interest in volumetric quantita-
tion of disease in mesothelioma. Nowak et al. analyzed FDG 
PET scans of 89 prospectively recruited patients with MPM 
using a semiautomated region growing computer algorithm 
to de�ne tumor volumes of interest from which the total gly-
colytic volume (TGV) of the tumor was derived.30 TGV is a 
composite measure of both metabolic activity and tumor vol-
ume (SUV × volume). A range of prognostic variables were 
assessed in the patient group and sarcomatoid histology was 
found to be the strongest factor for poor survival in meso-
thelioma.30 Imaging variables that showed prognostic signi�-
cance for survival included CT stage (p = .013), and the PET 
derived parameters of TGV (p = .003) and volume (p = .008).30 
SUVmax showed a trend toward worse prognosis (p = .055).30 
�e authors developed a prognostic nomogram for patients 
with nonsarcomatoid disease, which incorporated TGV as a 
prognostic variable. A correction factor for talc pleurodesis, 
which is associated with increased metabolic activity, was 
additionally incorporated into the model.

�e prognostic importance of volume-based measures was 
also demonstrated in a retrospective study of 13 patients, in 
whom a high metabolic volume of tumor (>250 mL) and a high 
total lesion glycolysis (TLG) (>1250 SUV mL) were associated 
with poor survival (p = .009).31 Neither SUVmax or SUVavg 
were signi�cant predictors of progression in this study.31

�e data from these studies suggest that for MPM, an 
assessment of the entire metabolically active tumor burden 
has strong prognostic signi�cance. �is may be particularly 
signi�cant for MPM as locoregional disease progression is an 
important factor in patient morbidity and mortality. Volume 
based approaches to quantitation of tumor FDG activity are 
therefore appealing, but are dependent on the method of 
region generation, which may be laborious. �ere is a need 
for multicenter clinical trials to ascertain the additional value 
of volumetric quantitation of FDG PET in mesothelioma for 
patient prognosis and management.
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Figure 18.3 FDG PET-CT demonstrating extrathoracic metastatic disease with a skeletal metastasis in the sternum. 
The MIP image demonstrates the extent of diffuse, encasing pleural disease. The transaxial CT, FDG PET, and fused 
images highlight the sternal metastasis, which has no corresponding sclerotic or lytic features on the low-dose CT.
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RESPONSE ASSESSMENT

Contrast CT scans are the current “gold standard” for 
response assessment in MPM. Measuring change in tumor 
thickness in MPM does however have signi�cant chal-
lenges, and these have led to the development of Modi�ed 
RECIST criteria for response assessment.32 Despite these 
guidelines, there can be signi�cant variation in measure-
ments of tumor thickness on CT.33,34 Additionally, in some 
patients, there is no true “measurable” site of disease, 
which will make clinical assessment of response di�cult 
and will render the patient ineligible for clinical trials.

FDG PET has demonstrated utility in the assessment of 
response to therapy in other tumor types, in particular in 
lymphoma, with FDG PET now incorporated into decision 
protocols.35,36 FDG PET is complimentary to CT imaging, 
as residual masses post treatment can be assessed based 
on their metabolic activity to discriminate between areas 
of �brosis or active tumor. �is may be useful in mesothe-
lioma as pleural e�usions or areas of lung atelectasis may be 
 confounding for response assessment with CT.37

FDG PET shows promise in response assessment in MPM, 
however, the sheet-like pattern of tumor growth is di�cult to 
quantitate for FDG PET as well as for CT, as region placement 
may be challenging. Simple SUVmax measurements may 
underrepresent the complexity of change that occurs in tumor 
burden in MPM following treatment. Volumetric measures 
are likely to be more sensitive, however, generation of the 
representative regions may be laborious and complicated, 
with adjacent physiologic  activity in myocardium and 
liver representing technical obstacles. �e presence of talc 
pleurodesis is an important confounding feature as the 
in�ammatory activity generated from the talc pleurodesis 
results in intense FDG activity that may be increasing, 
decreasing, or remaining the same over time.38

�e �rst study demonstrating the potential value of 
FDG PET in response assessment in 20 patients with 
MPM was published in 2006 by Ceresoli et al.39 �is study 
demonstrated that a 25% reduction in SUVmax a�er two 
cycles of pemetrexed-based chemotherapy was associated 
with an improved TTP of 14 months versus 7 months for 
 nonresponders (p = .02), and a trend to improved survival 
(p =.07).39 No correlation was found between radiological 
response a�er two cycles and TTP.

�is study was shortly followed by Francis et al., who 
used a semiautomated region growing program to perform 
volumetric analysis of metabolic response in 23 patients 
with MPM.40 A reduction in TGV a�er one cycle of chemo-
therapy was shown to be associated with improved  survival 
(p = .015).40 In this study, neither SUVmax on FDG PET 
imaging or CT response using Modi�ed RECIST a�er 
the �rst cycle of chemotherapy were predictive for survival 
(p = .097 and p = .131, respectively).40

Volumetric analysis was also used in a publication of 
41 patients with MPM assessed at baseline and a�er three 

cycles of chemotherapy.41 Parameters that predicted  overall 
patient survival were responses using the volume-based 
measures of PETvol (p = .0002) and TLG (p = .01), and also 
CT response using modi�ed RECIST criteria. Change in 
SUVmax (p = .61) or SUVmean (p = .68) following chemo-
therapy was not however predictive for survival.41 In the 
studies discussed, response to platinum based combina-
tion cytotoxic chemotherapy, most commonly  cisplatin/
carboplatin and pemetrexed, was assessed. A recent large 
randomized controlled trial showed survival bene�ts for 
the addition of bevacizumab to cisplatin and pemetrexed, a 
combination which is likely to be a new standard of care.42 
With the addition of anti-angiogenic treatment, further val-
idation of the role of FDG PET in monitoring of treatment 
response will be needed.

FDG PET has been shown to be of value in the 
 management of patients receiving high-dose radiotherapy 
in MPM. It was demonstrated that in 10 of 14 patients with 
evaluable FDG PET-CT scans, there was an average reduc-
tion in TGV of 67% following hemithorax radiotherapy.43 
A recent update from this group further demonstrated 
the value of FDG PET in patient selection for therapy, 
 radiotherapy planning �elds and evaluation of therapy.33 
In the evaluation of potentially suitable patients, 8% were 
found to have unexpected disease outside the hemithorax 
on their  planning PET-CT and therefore were unsuitable for 
therapy.33 FDG PET-CT data was imported to the planning 
system and used to guide radiation boosts to areas of high 
FDG activity. Follow-up FDG PET scans demonstrated that 
only 7 of 27 patients relapsed in the radiation �eld, giving a 
local control rate of 74%.33 Volume-based response evalu-
ation with TGV showed that there was a 57% reduction in 
TGV with radiotherapy in the evaluable patients, therefore 
con�rming the e�cacy of radiotherapy in reducing meta-
bolic tumor volume.33

Despite the small number of studies using FDG PET for 
response evaluation in MPM, the emerging data suggests 
FDG PET-CT provides functional information that is com-
plimentary to the anatomical information of CT scans, and 
may have increased sensitivity and prognostic value over 
CT alone. Standardization of FDG PET in response evalu-
ation and larger clinical trials are required, particularly in 
the context of new treatments including angiogenesis tar-
geting and immunotherapy, before FDG PET is more widely 
utilized in response assessment in MPM.

NOVEL TRACERS

Novel PET tracers have been developed that can allow the 
imaging of a variety of biological processes or cellular/intra-
cellular targets. �e opportunities for these novel tracers as 
imaging biomarkers are vast and may represent an area of 
fertile research over the next few decades.

�e current published data on the clinical use of 
non-FDG PET tracers in mesothelioma is scarce. 
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3’-deoxy-3’-(18)F-�uorothymidine (FLT), is a thymidine 
analogue, and is used to assess cellular proliferation. 
Preclinical studies demonstrated activity in mesothe-
lioma.44 �is has been con�rmed in a small prospective 
clinical study in which 32 of 33 patients demonstrated FLT 
uptake in areas of  pleural mesothelioma45 (Figure  18.4). 
Preliminary results from this study demonstrate that 

FLT activity has a similar distribution to FDG activity  
in MPM.

In a case report by Ceresoli et al., the amino acid tracer, 
11C- methionine, had activity in a patient with MPM, in 
whom the FDG PET scan was negative.46 F-18 based amino 
acid PET imaging agents have been developed, however, 
there are no published cases in MPM to date.

Figure 18.4 (a) Transaxial CT and FDG PET image of metabolic activity in areas of pleural thickening in MPM. 
(b) Transaxial CT and FLT PET proliferative activity in the same patient, performed 72 hours apart. FLT activity is seen 
in the areas of bulky pleural tumor. FLT activity is also demonstrated as physiologic activity in bone marrow, seen in this 
image in the spine and ribs.
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Figure 18.5 (a) Transaxial (CT, fused and PET) and MIP FDG PET-CT images of activity in a large bulky right anterior 
pleural mass. (b) Transaxial (CT, fused and PET) and MIP FMISO PET-CT images performed 48 hours apart from the FDG 
PET scan, demonstrating hypoxia in the right pleural mass, with the distribution of hypoxia similar but not identical to the 
distribution of metabolic activity.
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Hypoxia is a marker of poor prognosis and is involved 
in resistance to chemotherapy and radiotherapy. �e most 
common PET tracer that has been used for hypoxia PET 
imaging is F-18 �uoromisonidazole (1H-1-(3-[18F]-�uoro-
2-hydroxy-propyl)-2-nitro-imidazolef luorine)(FMISO).47 
Preliminary work by Francis et al. demonstrated that in 
MPM, there are identi�able areas of FMISO activity, par-
ticularly in bulky tumor masses (Figure 18.5).48 �is may 
have therapeutic implications for patient management.

Preclinical studies of MPM in tumor models may lead 
to signi�cant insights into tumor biology and responsive-
ness to therapy.44 �ese include preclinical imaging of FDG 
and non-FDG tracers in a variety of tumor models and also 
in identi�cation of cellular markers of disease for antibody 
targeting.44,49

�e role of non-FDG PET tracers in mesothelioma is 
likely to continue to evolve both in clinical trials and in 
preclinical research, as they have potential for a signi�cant 
role in gaining a greater understanding of the tumor biology 
and therapeutic targets of MPM. �is may be increasingly 
relevant with the advent of new therapies such as angiogen-
esis targeting and immunotherapy in the management of 
patients with MPM.

CONCLUSION

Malignant pleural disease, in particular MPM, has an 
extremely poor prognosis, with limited e�cacy of current 
treatments. Imaging can impact on patient management, 
from initial diagnosis to therapeutic management. MPM 
presents several unique imaging challenges, in particular the 
complex growth pattern of disease. �e functional images 
obtained with PET are complimentary to anatomical detail of 
CT imaging, and this provides an opportunity to overcome 
some of the complexities of imaging in MPM. �e published 
literature, although small, demonstrates that FDG PET-CT 
performs better than CT alone in the di�erentiation of benign 
from malignant pleural disease, preoperative assessment of 
patients for extrapleural pneumonectomy and in therapy eval-
uation. �e prognostic importance of metabolic activity or 
tumor burden is an area of interest for strati�cation of patients 
for clinical trials. Novel tracers hold the promise of identify-
ing a molecular imaging pro�le of a patient’s disease, to guide 
therapeutic intervention. �e opportunities in translational 
research from preclinical to the clinical domain are vast.

Incorporation of FDG PET into clinical trials of patients 
with MPM may lead to better strati�cation of patients, and 
more robust response evaluations. �is is likely to be par-
ticularly important with emerging therapies, which may not 
result in signi�cant anatomic responses, particularly early 
in drug development.

As our understanding of PET imaging in MPM grows, the 
impact of functional imaging as a tool to facilitate diagnosis, 
treatment planning, and monitoring of disease will prog-
ress, with the ultimate aim of improving patient outcomes.
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INTRODUCTION

Because neoplastic and non-neoplastic diseases of the 
pleura may produce very similar clinical, radiographic, and 
gross �ndings, histopathology of pleural biopsies o�en plays 
a crucial role in patient care. Surgical samples of pleural tis-
sue range from tiny needle biopsies to larger open or thora-
coscopic biopsies to decortication specimens to extrapleural 
pneumonectomies.

Interpretation of pleural biopsies can be one of the most 
challenging areas in surgical pathology because of overlap-
ping histopathologic features of benign and malignant dis-
eases, as well as the di�erent types of malignancy. Sampling 
error, sample size, and artifacts may limit diagnostic accuracy. 
Immunohistochemical stains are o�en used for  problematic 
pleural biopsies, and special panels of expert pleural patholo-
gists, for example, the United States and Canadian Mesothe-
lioma Reference Panel, have been set up for biopsy referrals.

KEY POINTS

 ● Carcinomas and other malignancies may grow in patterns that grossly mimic mesothelioma, and it is 
necessary to obtain a tissue sample to con�rm the diagnosis of di�use malignant mesothelioma versus other 
malignancies.

 ● Di�use malignant mesothelioma has a variety of histopathologic patterns and, therefore, can potentially mimic 
many other types of cancer on H&E staining, and vice versa. Immunostains are o�en helpful in distinguishing 
 di�use malignant mesothelioma from other malignancies in these situations.

 ● A panel of immunostains is recommended to distinguish di�use malignant mesothelioma from other cancers.
 ● Distinguishing malignant mesothelioma from benign reactive mesothelial hyperplasias and �brous pleuritis on 

biopsy can be a very di�cult challenge, particularly on a small biopsy.
 ● Unequivocal invasion is the most reliable criterion for diagnosing mesothelioma when there is a di�erential 

 diagnosis of benign reactive mesothelial hyperplasia or �brous pleuritis versus mesothelioma.
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 NON-NEOPLASTIC LESIONS OF 
THE PLEURA

 FIBRINOUS AND FIBROUS PLEURITIS

Etiologies of �brinous and �brous pleuritis are discussed in 
detail elsewhere, but they include the following: (1) infec-
tions, including bacterial, viral, mycobacterial, fungal, and 
parasitic; (2) underlying pulmonary diseases such as pneu-
monias, abscesses, noninfectious in�ammatory processes, 
and malignancies; (3) collagen vascular diseases; (4) leakage 
of air or blood from the lung; (5) drug reactions; (6) asbestos 
exposure; (7) surgery and trauma; and (8) nonspeci�c.1,2

Fibrinous pleuritis is characterized by �brin deposition 
along the pleural surface, in the pleural cavity, and in the 
super�cial pleural tissue. Hemorrhage may be present in 
some biopsies, but it may represent a procedural artifact. 
Fibrous pleuritis typically follows �brinous pleuritis with 
ingrowth of granulation tissue consisting of capillaries, 
�broblasts, and loose connective tissue stroma. Some biop-
sies will show a mixture of �brinous and �brous pleuritis as 
the exudative process begins to organize.3

�e number of in�ammatory cell in�ltrates in �brinous 
and �brous pleuritis may vary from essentially none to pro-
fuse. �e type of in�ammatory cells present may be helpful 
in making a diagnosis. In infection and empyema espe-
cially, in�ammatory cell in�ltrates may be the dominant 
component of pleuritis and leukocytoclastic (dirty) necrosis 
may be observed. Necrosis is not common in noninfectious 
pleuritis. Varying amounts of pleural e�usion are also pres-
ent in many cases of pleuritis and may provide important 
diagnostic information. Mesothelial cell hyperplasia is o�en 
seen in pleuritis, and these cells shed into the pleural �uid. 
�e mesothelial cells acquire a cuboidal shape with more 
abundant and denser cytoplasm. �ey may demonstrate 
features of increased cellularity; reactive cytological atypia, 
which may be marked; mitoses; and immunoreactivity for 
keratin, calretinin, and other mesothelial cell markers.

�e typical histopathologic �ndings in chronic pleuritis 
are mild to moderate lymphoplasmacytic in�ltrates, possi-
bly lymphoid aggregates with or without germinal centers 
and mild pleural �brosis. Findings of a more speci�c diag-
nosis or more active �brinous/�brous pleuritis may occa-
sionally be present elsewhere in the same biopsy and may 
surpass the �ndings of chronic pleuritis. Clinically, patients 
with these �ndings may have recurrent or persistent pleu-
ritis accompanied by recurrent or persistent pleural e�u-
sions. Underlying lung tissue or parietal pleura included 
in a biopsy may provide clues to the cause of pleuritis, for 
example, pneumonia observed in subpleural lung tissue.

EOSINOPHILIC PLEURITIS

In eosinophilic pleuritis, there is an increased number of 
eosinophils, sometimes strikingly increased, in the in�am-
matory in�ltrate, which otherwise may show features of 

�brinous or �brous pleuritis, mesothelial hyperplasia, etc. 
Since eosinophilic pleuritis is o�en associated with some 
distinctive clinical situations, there may be accompanying 
histopathologic �ndings in any underlying lung tissue that 
may be sampled. A classic etiology of eosinophilic pleuri-
tis is spontaneous pneumothorax, which occurs generally 
in young adults. In these cases, the eosinophilic pleuritis 
may be associated with focal blebs, bullae, or focal honey-
combing of the underlying lung tissue. Pneumothorax or 
hemothorax from a wide variety of causes can potentially 
result in eosinophilic pleuritis, and lymphangioleiomyoma-
tosis may be seen in the underlying lung tissue in women of 
childbearing age. Eosinophilic pleuritis may also be associ-
ated with certain drug reactions and infections, which may 
also produce characteristic �ndings in the underlying lung 
tissue.4

GRANULOMATOUS PLEURITIS

Granulomatous pleuritis is characterized by the pres-
ence of granulomatous in�ammation, which may consist 
of well-formed granulomas or less circumscribed areas of 
granulomatous in�ammation depending on the etiology. 
Granulomatous pleuritis is o�en accompanied by features of 
chronic pleuritis (i.e., chronic in�ammation and �brosis).4

Infections, such as tuberculosis or fungal infections, that 
involve the pleura classically produce well-formed granu-
lomas with or without central necrosis, but they may occa-
sionally form less circumscribed areas of granulomatous 
in�ammation. It is important to remember that special 
stains for organisms, for example, the acid-fast stain for 
tuberculosis or the Grocott's methenamine silver (GMS) 
stain for fungus, are very helpful when positive but that 
a negative special stain can occur even when infection is 
present. �erefore, cultures are always recommended even 
when special stains are negative.

Sarcoidosis consists of well-formed, compact granulo-
mas in a lymphangitic distribution that includes the pleura. 
Signi�cant necrosis is not a usual feature of sarcoidosis 
granulomas, although small punctate areas of necrosis may 
be present in some granulomas. Sarcoidosis granulomas 
may be surrounded by chronic in�ammatory in�ltrates or 
by �brosis. Endogenous materials, for example, Schaumann 
bodies or calcium oxalate crystals, are o�en seen in the his-
tiocytes of sarcoidosis, but they are not pathognomonic and 
may be seen in other types of granulomas. �ese should not 
be mistaken for foreign material.

Wegener's granulomatosis may involve the pleura and 
causes a less circumscribed type of granulomatous in�am-
mation rather than well-formed granulomas. �e clas-
sic histopathologic picture is one of palisading histiocytes 
mixed with multinucleated giant cells, other in�ammatory 
cells, and �broblasts surrounding a central area of necro-
sis. �e necrosis begins as micro-abscesses with neutrophils 
and leukocytoclastic necrosis that coalesce and enlarge into 
the so-called geographic areas of basophilic necrosis. While 
these features and those of vasculitis can be seen in the 
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pleura, Wegener's granulomatosis is usually diagnosed on a 
biopsy of lung tissue. 

Foreign body granulomatous reactions may occur in the 
pleura. Most of these are the result of deliberate pleurodesis 
or iatrogenic instillation of foreign material into the pleural 
cavity to cause its obliteration for the purpose of treating 
recurrent pleural e�usions.  

LOCALIZED PLEURAL FIBROSIS

Apical caps, which also involve the subpleural tissue, are 
o�en associated with emphysema. Apical caps consist of 
elastotic scars with thick fragments of elastic tissue with a 
grayish tint on hematoxylin and eosin (H&E) staining remi-
niscent of solar elastosis in the skin. An ischemic origin has 
been suggested for apical caps, and these lesions do have a 
resemblance to scars from pulmonary infarcts.5

Pleural plaques show a histopathologic pattern of dense, 
acellular collagen arranged in a distinctive basket-weave 
pattern. Additional �ndings may include calci�cations 
and ossi�cation. Pleural plaques result from organized 
pleuritis and thus can result from many causes, includ-
ing occupational levels of exposure to asbestos, chest 
surgery and trauma, and infections involving the pleura. 
Examination of the pleural plaques themselves for asbes-
tos bodies is virtually always nonproductive, even when 
the plaques are caused by asbestos exposure. �e possible 
association of a pleural plaque with asbestos exposure is 
based on the (1) observation of increased asbestos bod-
ies in lung tissue sections, and/or (2) �nding of elevated 
asbestos body or �ber concentrations on lung tissue diges-
tion studies.3

Nodular histocytic hyperplasia is a proliferation of 
benign histiocytes and variable numbers of benign meso-
thelial cells that produce varying-sized nodules in the 
pleura. �is uncommon lesion is generally an incidentally 
found benign condition thought to be caused by mechanical 
irritation, in�ammation, or tumor. It has also been reported 
to arise in endometrium, peritoneum, and pericardium. 
Nodular  histiocytic hyperplasia may be confused with 
malignancy.6–8

 NEOPLASTIC LESIONS OF THE PLEURA

 BENIGN OR LOW-GRADE MALIGNANT 
MESOTHELIAL NEOPLASMS

Well-di�erentiated papillary mesotheliomas are rare tumors 
characterized by broad papillae lined by bland cuboidal 
mesothelial cells (Figure 19.1). �ese are most common in 
women and are more common in the peritoneum than in 
the pleura. Some are recurrent and, thus, considered to be 
of low-grade malignant potential, but even in these latter 
cases patients survive for many years and do not develop 
metastases.9–13

Cystic/multicystic mesotheliomas are rare lesions con-
sisting of a cyst or cysts lined by bland, cuboidal mesothelial 
cells. It has the same biological implications as well-di�er-
entiated papillary tumors.

 BENIGN MESENCHYMAL NEOPLASMS 
OF THE PLEURA

Solitary �brous tumor, the most common benign primary 
pulmonary neoplasm, is a well-circumscribed mass aris-
ing in the pleura and sometimes in the subpleural lung. 
Solitary �brous tumor has several histopathologic pat-
terns: a cellular pattern with spindle cells to oval cells, a 
hemangiopericytoma pattern with staghorn blood vessels, 
and a relatively acellular collagen pattern with slit-like 
spaces. Most solitary �brous tumors are immunoposi-
tive for CD34, and this is a useful marker for con�rming 
their diagnosis. Unlike mesotheliomas, solitary �brous 
tumors are immunonegative for keratin. Other benign 
mesenchymal neoplasms of the pleura include lipoma and 
schwannoma.14–17

 MALIGNANT MESOTHELIAL NEOPLASMS

Di�use malignant mesothelioma, the most common pri-
mary malignant pleural neoplasm, is characterized grossly 
by a growth pattern that encases the pleura or presents 
as widespread multiple studding of the pleural surface. 
Metastatic carcinomas and other metastatic malignancies 
may also grow in either of these patterns, and it is necessary 
to obtain a tissue sample to con�rm the diagnosis of di�use 
malignant mesothelioma rather than other malignancies. 
Di�use malignant mesothelioma has a variety of histo-
pathologic patterns and, therefore, can potentially mimic 
many other types of cancer on H&E staining and vice versa. 

Figure 19.1 Well-differentiated papillary mesothelioma 
showing broad fibrous cores lined by bland cuboidal 
mesothelial cells.
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Basic histopathologic patterns of mesothelioma are listed in 
Table  19.1 (Figures 19.2 and 19.3).10,11,18–31

Immunostains are recommended to distinguish meso-
theliomas from other types of cancer. Whereas a few anti-
bodies are relatively speci�c for mesothelioma, no antibody 
is speci�c for mesothelioma. �e diagnosis of mesothelioma 
typically involves an attempt to exclude other types of can-
cer in the di�erential diagnosis. Anyone interpreting immu-
nostains for the di�erential diagnosis of mesothelioma must 
be aware of certain caveats:

 1. Negativity for an antibody does not, by itself, con�rm 
mesothelioma. (1) Many of the immunostains typically 
used to rule out carcinoma primarily apply to lung 
cancers, particularly adenocarcinomas of the lung. One 
must remember that carcinomas from primary sites 
other than the lung and malignancies other than carci-
noma (e.g., melanoma) may metastasize to the pleura. 
Metastatic renal cell carcinomas, for example, are typi-
cally negative for all of the traditional lung carcinoma 
markers such as carcinoembryonic antigen (CEA). 

�erefore, ruling out only adenocarcinoma of the lung 
by immunostains does not, by itself, con�rm a diagnosis 
of mesothelioma. (2) Even a well-di�erentiated adeno-
carcinoma of the lung may be immunonegative for one 
or more markers typically associated with lung cancer.

 2. Negativity for an antibody does not, by itself, con�rm or 
exclude a diagnosis. It is not unusual for poorly di�er-
entiated mesotheliomas as well as poorly di�erentiated 
malignancies of other types to fail to express markers 
seen in better di�erentiated tumors of the same type. 
Poorly di�erentiated, pleomorphic, and sarcomatous 
lung carcinomas are o�en negative for CEA and other 
lung cancer markers and only immunopositive for 
vimentin and keratin. Poorly di�erentiated and sarco-
matous mesotheliomas are o�en negative for calretinin 
and other mesothelioma markers and only immunopos-
itive for vimentin and keratin. �erefore, immunostains 
might not distinguish between poorly di�erentiated or 
sarcomatous mesotheliomas and poorly di�erentiated 
or sarcomatous carcinomas, or other poorly di�erenti-
ated malignancies.

 3. Staining with an antibody may require interpreta-
tion according to very speci�c criteria before it can be 
considered positive. For example, the reliability of cal-
retinin depends on the antibody used and only nuclear 
immunostaining is meaningful. Cytoplasmic calretinin 
immunostaining may be seen in many types of carci-
noma and even in mesotheliomas and should not be 
considered support for a diagnosis of mesothelioma in 
those cases. �e antihuman mesothelial cell antibody 
HBME-1 indicates mesothelioma when staining is thick 
and continuous around the cell border but indicates 
carcinoma when staining is thin, discontinuous, or 
cytoplasmic. Speci�c criteria for interpretation also 
apply to other antibodies.

Figure 19.2 Epithelial malignant mesothelioma  showing 
relatively bland polygonal cells with round nuclei and 
prominent nucleoli. 

Figure 19.3 Sarcomatous malignant  mesothelioma 
 showing malignant spindle cells resembling a 
 fibrosarcoma or malignant fibrous histiocytoma. 

Table 19.1  Histopathology patterns of malignant 
mesothelioma

Epithelial Tubulopapillary, epithelial/mesothelial, 
adenomatoid.

Sarcomatous Sarcomatous, rarely with heterologous 
elements (bone, cartilage).

Biphasic Mixed epithelial and sarcomatous 
patterns.

Desmoplastic Predominance of connective tissue 
with scant cellularity in much of the 
tumor, usually sarcomatous, may be 
epithelial.
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For the aforementioned reasons, a panel of immunostains 
is recommended to distinguish diffuse malignant meso-
thelioma from other cancers (Figure 19.4). Characteristic 
immunostaining results for malignant mesothelioma 
versus selected malignancies of other types are given in 
Table 19.2.10,11,18–48

The diagnosis of diffuse malignant mesothelioma, like 
the diagnosis of any other malignancy, should be based on 
the routine histopathology and immunostaining pattern of 
a tumor tissue sample when the tumor has a gross distribu-
tion potentially consistent with the diagnosis. The mere fact 
that an individual is reported to have a history of elevated 
asbestos exposure is not a basis for making the diagnosis of 
mesothelioma. Most individuals with a history of elevated 
asbestos exposure who have cancer will have cancers other 
than mesothelioma. Similarly, a diagnosis of mesothelioma 

should not be excluded simply because there is no history of 
asbestos exposure.

Distinguishing malignant mesothelioma from benign 
reactive mesothelial hyperplasias and fibrous pleuritis on 
biopsy can be a very difficult challenge, particularly on a 
small biopsy (Figure 19.5). Benign proliferations may show 
features that mimic those seen in malignancy and malig-
nant mesothelioma can be very bland or biopsies may sam-
ple very early malignant lesions. Features that favor benign 
versus malignant mesothelial proliferations are listed in 
Table 19.3. Ultimately, the presence of true tissue invasion 
is the most reliable feature to distinguish a malignant meso-
thelioma, but, even then, the pathologist should be aware 
that entrapment of benign mesothelial cells within fibrous 
pleuritis may mimic invasion. It should be noted that, except 
for the use of keratin immunostain to assess for invasion, no 

Figure 19.4 Immunostain for calretinin showing 
intranuclear immunopositivity in an epithelial malignant 
mesothelioma.

Table 19.2 Characteristic results for selected immunostains for malignant mesothelioma versus other malignancies

Mesothelioma Carcinoma Sarcoma Melanoma

Keratin 1 1 2 (Occasionally 1) 2 (Rarely 1)
CK5/6 1/2 2/1 2 2
Vimentin 1/2 2/1 1 1
Calretinin 1 (Nuclear) 2 (Rarely 1) 2 (Rarely 1) 2
CEA, B72.3, Leu M-1, 
BerEP4

2 1/2 2 2

TTF-1 2 1 (Lung and thyroid) 2 2
D2-40 1 2/1 2 (Occasionally 1) 2
EMA 1 1 2 2 (Epithelial)
HBME-1 1 (Epithelial), (thick, 

continuous), (thin, 
discontinuous)

1 2 2

Note: CK5/6, cytokeratin 5/6; EMA, epithelial membrane antigen; HBME-1, antihuman mesothelial cell antibody; TTF-1, thyroid transcription 
factor 1.

Figure 19.5 Entrapment of reactive mesothelial cells 
within fibrous pleuritis mimicking invasion by malignant 
mesothelioma. 
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current immunostains reliably distinguish between benign 
reactive and malignant mesothelial cells and should be 
used as a basis for diagnosis. When a de�nitive diagnosis of 
benign versus malignant cannot be reached, “atypical meso-
thelial hyperplasia” or similar diagnosis should be made by 
the pathologist and a decision about obtaining additional 
tissue samples, observing the patient, etc., can then be made 
by the clinician.39–49

OTHER RARE PRIMARY MALIGNANT 
NEOPLASMS OF THE PLEURA

Localized malignant mesotheliomas are very rare discrete, 
circumscribed, pedunculated, or sessile pleural neoplasms 
with histologic and immunohistochemical features identi-
cal to di�use malignant mesothelioma. �ese tumors are 
frequently identi�ed incidentally, and clinical and radio-
logic correlation is necessary for accurate diagnosis. �ese 
tumors are usually amenable to surgical excision with good 
overall prognosis. Localized malignant mesothelioma may 
recur and may metastasize, ultimately causing patient 
death; however, the tumor does not generally spread along 
the pleura in a manner characteristic of di�use malignant 
mesothelioma.15,23,30,50

Malignant solitary �brous tumors of the pleura are rare 
primary pleural neoplasms that typically measure greater 
than 10 cm. �ey frequently recur locally, may metastasize, 
and may cause patient death. Because the histopathology 
of malignant solitary �brous tumors is variable and areas 
of malignancy may be found adjacent to or arising from 

areas of benign solitary �brous tumor, wide sampling is fre-
quently required for accurate diagnosis. Incomplete resec-
tion of the tumor is related to a worse prognosis.16,17,23,30

Desmoplastic small round cell tumors are very rare, 
primitive, and highly aggressive malignant neoplasms usu-
ally seen in children, adolescents, and young adults. �ese 
tumors are usually peritoneal but can arise or extend into the 
pleura.51 Desmoplastic small round cell tumors o�en spread 
along the peritoneal surface mimicking di�use malignant 
mesothelioma. Primary pleural tumors have been found 
generally in young adult men presenting with pleural e�u-
sion and nodular masses encasing the lung.23,52–54

Desmoid tumors, also termed aggressive �bromatosis, 
are rare neoplasms sometimes identi�ed in association 
with familial adenomatous polyposis.55 Pleuropulmonary 
desmoid tumors are rare spindle cell neoplasms that o�en 
arise in the chest wall and grow to protrude into or second-
arily involve the pleura; however, primary pleural desmoid 
tumors occur.30,45

Other rare primary malignancies of the pleura include 
synovial sarcoma, osteosarcoma, chondrosarcoma, angio-
sarcoma, and malignant �brous histiocytoma.15,23,34,56

FUTURE DIRECTIONS

�e advent of experimental therapies, including molecu-
lar therapies, for mesothelioma provides greater incentive 
for earlier diagnosis of this disease.57,58 Coincidentally, 
the diagnosis of mesothelioma at earlier stages of the 
disease is increasingly possible as a result of the greater 

Table 19.3 Features suggestive of benign versus malignant mesothelial proliferations

Features potentially observed in benign and malignant proliferations

 Cellularity
 Cytological atypia
 Architectural atypia
 Mitoses

Features favoring benign proliferation 
 Active fibrin deposition with active inflammation (inflammation may also be seen in malignant mesothelioma)
 Linear arrays of individual cells and small glands parallel to pleural surface
 Simple, non-branching glands
 Proliferating mesothelial cells separated by large amounts of stroma
 Proliferating cells limited toward pleural cavity in a thickened pleura with more fibrosis toward chest
 May show highly cellular proliferation into the pleural space but not into the underlying fibrous tissue
 Parallel arrays of vessels/capillaries perpendicular to pleural surface

Features favoring malignant proliferation
 Unequivocal invasion is the most reliable criterion for the diagnosis of mesothelioma
 Bland necrosis
 Areas that have unequivocal malignant features: cytological malignancy, abnormal mitoses and/or frankly sarcomatoid 

pattern, etc.
 Cellularity of the atypical cells throughout the full thickness of the pleura
 Distinct tumor nodules
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availability and popularity of techniques such as thora-
coscopic biopsy. Hence, in the near future the diagnosis 
of mesothelioma should entail improved patient therapy 
and, therefore, accurate diagnosis will be even more 
important than in the past. Better opportunities to pro-
vide meaningful therapy for patients will enhance interest 
in the development of antibodies and molecular markers 
for the early and accurate diagnosis of mesothelioma on 
biopsy.58
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Pleural fluid cytology

AMANDA SEGAL, MARAIS COMBRINCK, AND SIAW MING CHAI

KEY POINTS

 ● A standardized approach to smear and cell block preparation is required for optimum microscopy and is an area 
where vigilance and attention to technique is required.

 ● Diagnosis of malignancy by cytology relies initially on relatively simple morphological criteria.
 ● Tumor typing, including mesothelioma diagnosis and adenocarcinoma subtyping, relies heavily on cell block 

immunohistochemistry and there have been signi�cant developments in speci�c markers of mesothelioma and 
various adenocarcinomas during the past decade.

 ● Recently developed molecular tests such as polymerase chain reaction for EGFR and FISH for ALK can easily be 
applied to e�usion samples.

 ● Pleural e�usion cytology can achieve a sensitivity of diagnosis of about 70%–98% in both metastatic adenocarci-
noma and mesothelioma.

 ● A diagnosis of malignancy should have a ~100% predictive value for an e�ective service to be o�ered.
 ● �e value of well-preserved material from e�usions and e�usion supernatant for applied and basic research 

has been underestimated. Cells are o�en optimally preserved in the culture medium of pleural �uid and can 
be more easily harvested than tissue/biopsy material, where there is usually a high component of reactive 
�broblastic tissue.

 ● E�usion cytology diagnoses are routinely used as a basis for clinical management and, as for cytological diagnoses 
in other areas, for medico-legal diagnosis. �ere has been some caution in applying cytodiagnosis to a medico-legal 
setting, particularly for mesothelioma diagnosis, but this should not now be the case for established laboratories 
with a commitment to quality of preparations, ancillary testing, and cytological teaching.

Background 252
Historical perspective 252
 Current role in management of patients 252
Accuracy of cytological diagnosis 253
Reporting protocols 253

Specimen collection and laboratory processing 253
Non-neoplastic effusions 254

 Non-specific “reactive” pleural effusions 254
Lymphocytic pleural effusions 254
Neutrophilic pleural effusions 255
Macrophage-rich pleural effusions 255
Eosinophilic pleural effusion 255

Rheumatoid effusions 256
Systemic lupus erythematosus 256
Effusion in Boerhaave syndrome 256

Malignant effusions 256
Malignant pleural mesothelioma 256
Metastatic carcinoma 261
Lymphoma and leukemia 264
Other uncommon malignancies 264

 Fine-needle aspiration and core  
imprint cytology 264
Acknowledgments 265

References 265



252 Pleural fluid cytology

BACKGROUND

HISTORICAL PERSPECTIVE

�e development of cytodiagnosis in pleural e�usions is well 
documented in major texts and only needs brief comment 
here, mainly to highlight general changes that have occurred 
over the last 40 years. Teaching for earlier generations of cyto-
pathologists began with a purely morphological approach, 
whereby pitfalls in diagnosis were highlighted and cell 
blocks were either seldom prepared, or for those pathologists 
without a background in cytodiagnosis, where cell blocks 
provided the only acceptable diagnostic material. A malig-
nant diagnosis was undertaken with trepidation and was the 
province of highly experienced practitioners with outstand-
ing skills in cytomorphology. �ere was o�en a large gulf 
between histopathologists and cytopathologists in terms of 
types of training and cytodiagnosis was o�en viewed with 
some suspicion. Diagnostic pointers to the range and type of 
tumors which could be diagnosed were limited and clinical 
background was paramount in assigning tumor type.

�e improvements in diagnostic accuracy and  certainty 
over the last four decades occurred mainly as a result 
of (a)  technical improvements and the use of ancillary 
 techniques including:

 1. Standardization of preparation of �uid samples by 
 centrifugation and smearing of the cell deposit only 
a�er careful and complete removal of supernatant �uid 
to provide a “�at” smear surface for interpretation 
(1970s).

 2. Routine use of several stains including Papanicolaou 
or hematoxylin and eosin (H&E) staining and 
Romanowsky/MGG/Giemsa stains to highlight di�er-
ing features in the various cells being observed (1970s 
and early 1980s).

 3. Use of cell block preparations in virtually all pleural 
e�usion samples to permit “microhistology” of any cell 
aggregates, and histochemical stains, e.g., mucin cyto-
chemistry (1970s–1980s).

 4. Use of electron microscopy (EM) for diagnostically 
di�cult cases, particularly in the distinction between 
adenocarcinoma and malignant pleural mesothelioma 
(1980s and 1990s).

 5. �e �owering of immunohistochemistry on cell block 
preparations (in contradistinction to smear prepara-
tions) which allowed panels of validated markers to be 
applied along with optimal morphology. �e increase 
in the range and speci�city of antibodies available for 
this purpose shows no sign of abating and allows a high 
degree of accuracy in subtyping tumors.

 6. �e routine availability and use of �ow cytometry for 
analysis of lymphoid cells in �uids.

 7. �e use of biochemical estimation of various param-
eters including carcinoembryonic antigen (CEA) and 

mesothelin levels within supernatant to help establish a 
diagnosis of malignancy and cell type.

 8. �e nascent discipline of molecular pathology and 
 diagnostics is now being applied outside highly special-
ized laboratories, and we expect this will be a routine part 
of the diagnostic armamentarium for di�cult cases.

Other changes that were critical to an improved approach 
were a result of (b) shi�s in diagnostic perspective:

 1. Gradual accumulation of experience in the diagnosis of 
special types of tumors such as malignant pleural meso-
thelioma (1970s–1990s) allowing con�dent cytodiagno-
sis using any or all ancillary techniques available.

 2. Teaching of cytodiagnosis as a routine part of the train-
ing of tissue pathologists.

 3. Acceptance by cytopathologists of the primacy of immu-
nohistochemistry in tumor subtyping. �e overlapping 
range of cytomorphological features between di�erent 
tumors means that almost no cytological diagnoses of 
malignancy in e�usion cytology are made using mor-
phology alone. �e role of cytomorphology in general is 
to establish a diagnosis of malignancy based on a small 
number of relatively easily applied diagnostic criteria and 
to triage cases for the selection of appropriate antibody 
panels for de�nitive tumor subtyping.

 CURRENT ROLE IN MANAGEMENT OF 
PATIENTS

Cytodiagnosis of malignancy in e�usion cytology is 
accepted as a morphological gold standard along with 
biopsy diagnosis and is o�en easier to achieve then biopsy 
diagnosis from a clinical/technical point of view.1,2

Malignancy is diagnosed in 10%–23% of pleural e�usion 
samples with adenocarcinoma being the most common 
tumor type.2–5 �e approach to adenocarcinoma subtyping 
is discussed further below along with more detailed discus-
sion about other tumor types. �ere is also wide experience 
with malignant pleural mesothelioma diagnosis in many 
laboratories; however, diagnosis by cytology is controversial 
even for some specialists in this �eld. We argue that current 
experience, a standardized approach, careful immunohisto-
chemistry, and consultation among colleagues allow de�ni-
tive diagnosis su�cient for management of patients and for 
medico-legal con�rmation of disease.

Diagnosis of lymphomas relies on a combination of �ow 
cytometry, morphology, and immunohistochemistry, with 
the former being crucial for detection and unequivocal diag-
nosis in most cases. Using a range of ancillary tests includ-
ing molecular studies allows highly speci�c subtyping where 
required.6 �ere are a few speci�c benign diagnoses that may 
be made using cytological material such as rheumatoid e�u-
sion and some other cell patterns which can help in clinical 
triage such as the neutrophil-rich pattern of empyema.
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ACCURACY OF CYTOLOGICAL 
DIAGNOSIS

Experience in the morphological diagnosis of pleural 
lesions has been gradually acquired with the help of expert 
cytoscientists, pathologists, national and international 
groups, who have provided detailed descriptions of crite-
ria and pitfalls in diagnosis. Pleural e�usion cytology has a 
sensitivity of about 70%–98% in the diagnosis of both meta-
static malignancy and malignant pleural mesothelioma.4,5,7 
A diagnosis of malignancy should have a ~100% predictive 
value (as should histological diagnosis), for an e�ective ser-
vice to be o�ered.

False positive rates for malignancy are very low, and 
range from 0% to 0.1% in more recent reports.2–4 Most 
result from overinterpretation of reactive mesothelial cells 
as malignant cells. In a recent report on the long-term fol-
low-up of diagnoses of malignant pleural mesothelioma by 
e�usion cytology, no false-positive diagnoses of malignancy 
were identi�ed.5 �ere were two examples of false tumor 
typing identi�ed, one corrected within a few days by fur-
ther ancillary testing and the other occurring prior to the 
availability of speci�c immunohistochemical markers for 
de�nitive diagnosis. We argue that this degree of accuracy 
is similar to that for pleural biopsy diagnosis and allows 
cytology to be used for de�nitive diagnosis.2,4,8

�e sensitivity of diagnosis depends on a number of fac-
tors including whether malignant cells are present in the 
e�usion, the number of abnormal cells, the degree of pres-
ervation, the degree of di�erentiation, and whether the cell 
block preparations are suitable for immunohistochemistry. 
Certain tumors such as sarcomatoid mesothelioma do not 
shed malignant cells into pleural �uid and e�usions in other 
patients with pleural tumors may not necessarily contain 
malignant cells, rather re�ecting an in�ammatory/reactive 
response to the underlying pathological process.

REPORTING PROTOCOLS

To enhance communication with clinicians, we advocate 
the use of reporting categories (unsatisfactory, negative 
for malignancy, atypical, suspicious for malignancy and 

malignant) as well as speci�c diagnoses in the following 
format:

“Pleural e�usion cytology: MALIGNANT; the morphol-
ogy and immunostaining reactions are those of malignant 
mesothelioma, epithelioid type.”

“Pleural e�usion cytology: MALIGNANT; Adeno-
carcinoma. �e immunostaining reactions are consistent 
with metastatic TTF1 positive lung adenocarcinoma.”

Suspicious or atypical reports require further investiga-
tion whereas a malignant report can be used as a basis for 
de�nitive management and for medico-legal diagnosis.

 SPECIMEN COLLECTION AND 
LABORATORY PROCESSING

Pleural e�usions for cytology should be collected in body 
�uid bottles in a volume greater than 200 mL if possible. 
Separate specimens need to be collected for biochemistry 
and microbiology as anticoagulants and preservatives may 
render body �uid bottles unsuitable for these other inves-
tigations. Recent papers suggest that a volume of 20 mL is 
su�cient for any cytological study.9 In our view this is not 
necessarily so, especially if material is to be used for mul-
tiple ancillary studies and for other purposes such as quality 
assurance and teaching.

As cellular material tends to accumulate within clots, 
these are removed from the �uid and processed as cell 
blocks. Separation of the cellular (cell bu�y coat and cell 
deposit) and �uid (supernatant) components of the speci-
men is achieved by centrifugation. A�er separation, super-
natant is removed and can be sent for analysis of biochemical 
parameters if required. Material for cell block, wet �xed and 
air-dried smears are prepared from the cell-rich bu�y coat 
and/or deposit. Well-prepared smears and a cell block sam-
ple are demonstrated in Figure 20.1.

Cell blocks are invaluable for ancillary studies (see 
Table  20.1).10 �ese samples are generated by mixing the 
cell-rich component of the sample with plasma and throm-
bin to generate a clot. �is clot is �xed in formalin and pro-
cessed in a similar fashion to small biopsies for histology.

Table 20.1 Ancillary studies and appropriate specimen types that can be utilized for these analyses

Ancillary study Specimens that can be utilized

Histochemical stains Cell block, core biopsy
Immunohistochemistry Cell block, core biopsy
Flow cytometry Fluid, fine needle aspirate, core biopsy
Microbiology Fluid, fine needle aspirate, core biopsy
Biochemistry Fluid (neat & supernatant), fine needle aspirate
Electron microscopy Fluid, fine needle aspirate, core biopsy
Cytogenetics Fluid, fine needle aspirate, core biopsy
Fluorescence in situ hybridization Smears, imprints, cell block, core biopsy
Molecular pathology Fluid, smears, cell block, core biopsy
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NON-NEOPLASTIC EFFUSIONS

 NON-SPECIFIC “REACTIVE” PLEURAL 
EFFUSIONS

�ese “reactive” pleural e�usions are the most common 
 pleural �uid samples that we encounter in day to day 
 practice and consist of a mixed population of reactive 
mesothelial cells and in�ammatory cells with no pre-
dominant cell type. �e features are nonspeci�c and may 
re�ect a myriad of causes including congestive heart fail-
ure, pulmonary embolus or infarction, uremia, and hypo-
albuminemia. Clinical  correlation is usually required to 
de�ne the exact etiology.

 LYMPHOCYTIC PLEURAL EFFUSIONS

Lymphocyte-rich e�usions can be seen as a  nonspeci�c 
response to in�ammatory processes in the lung and pleura 
but may also be associated with tumors and  speci�c infec-
tions such as tuberculosis. �e presence of  lymphocytosis 
and few or no mesothelial cells is a  classical �nding in 
 tuberculous pleuritis (Figure 20.2).11–13 Sarcomatoid meso-
thelioma can show similar e�usion �ndings and careful 
 clinico- pathological correlation is needed to resolve the 
diagnosis. Viral and bacterial pneumonias can give rise 
to a variety of cell  patterns during the course of infec-
tion including a  lymphocyte predominant e�usion or a 
more mixed picture of lymphocytes with plasma cells and 
macrophages.14,15

(a) (b)

(c) (d)

Figure 20.1 (a) Centrifuged specimen demonstrating separation of supernatant fluid and cell rich basal deposit. (b) Cell 
block specimen. (c) Well-prepared Papanicolaou and Diff-Quik stained smears. (d) Poorly prepared and preserved smears.
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An important di�erential diagnosis of a lymphocyte-
rich e�usion is lymphomatous involvement of the pleura.15 
Ancillary studies such as �ow cytometry and molecular 
pathology to determine monoclonality may be required for 
diagnosis, but should be correlated with cytomorphology 
for �nal interpretation. Karyorrhexis of lymphocytes is a 
common feature in lymphoma and can be helpful to dis-
tinguish neoplastic from in�ammatory lymphocytosis.16 
A panel of immunohistochemical stains can also help, with 
most lymphomatous e�usions showing a predominance of 
B cells while nonlymphomatous e�usions are usually T-cell 
predominant.6,17

 NEUTROPHILIC PLEURAL EFFUSIONS

Frankly purulent neutrophil-rich e�usions are mostly 
secondary to bacterial pneumonia. �e cellular popu-
lation consists almost entirely of neutrophils admixed 
with �brin and products of cellular breakdown (pyknotic 
nuclei, nuclear debris, and spheroid nuclear particles) 
(Figure  20.3).18 Neutrophilic e�usions are also seen in 
association with lung abscesses, in postsurgical states 
and have been described in early tuberculosis, prior to 
the development of the more usual lymphocyte-rich 
e�usion.12,15

 MACROPHAGE-RICH PLEURAL  
EFFUSIONS

Macrophages are medium-sized cells with round to bean 
shaped nuclei and delicate cytoplasm, o�en containing 
ingested particles.15,17 Macrophages are ubiquitous cells 
that are present in most neoplastic and non-neoplastic 
e�usions.15 Macrophage predominant pleural e�usions 
have been described in association with chronic bacterial 
pneumonia, atypical mycobacterial infection,11 pulmonary 
infarction, and endometriosis. �e macrophages in the lat-
ter two entities are characteristically laden with cytoplasmic 
hemosiderin and in endometriosis may be accompanied by 
glandular and stromal cells.15,17,19

EOSINOPHILIC PLEURAL EFFUSION

Eosinophilic pleural e�usions (EPE) can be divided 
into two main groups, those associated with  underlying 
 disorders and those without an identi�able cause, 
so called idiopathic EPE. �e latter is a diagnosis of 
 exclusion and as a group these patients display favorable 
prognosis with a self-limiting course.15,17,20 �e percentage 
of eosinophils required for the diagnosis of EPE varies in 
the  literature from 10% to 50%, with the former favored 
by most  pathologists (Figure  20.4).15 Charcot–Leyden 
crystals derived from eosinophils may be seen in these 
e�usions.15

Figure 20.2 Lymphocytosis with no mesothelial cells.

Figure 20.3 Neutrophil-rich effusion of empyema.

Figure 20.4 Eosinophil-rich effusion.
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In our experience the most common cause of eosino-
philia is previous pleural tap/aspiration, whereby air gains 
entry to the pleural cavity and produces an eosinophilic 
reaction.20,21 Recent pneumothorax is another important 
cause.20 Many other associations are quoted, including a 
history of previous malignancy, hypertensive and cardio-
vascular disease, asthma, allergy, tuberculosis, thoracic 
trauma, diabetes, rheumatoid arthritis, ulcerative colitis, 
and urinary tract infection.15,17,21

RHEUMATOID EFFUSIONS

Rheumatoid nodules are formed in a variety of organs 
including the pleural cavity, where they may give rise to very 
characteristic �ndings on �uid cytology (Figure  20.5).22,23 
Rheumatoid nodules are composed of palisading epitheli-
oid histiocytes with occasional multinucleated giant cells, 
surrounding a central zone of necrosis and it is these com-
ponents that are recapitulated in the �uid cytology. �e 
pathognomonic cytological �ndings include:

 1. Elongate, spindled epithelioid cells.
 2. Giant (multinucleate) histiocyte cell forms.
 3. Hyaline background debris.
 4. Russell bodies within neutrophils and macrophages.

�e spindle and giant cells may have an alarming 
appearance at times and familiarity with the combination 
of appearances is necessary for diagnosis. To our knowl-
edge, multinucleate histiocytic cells are virtually only 
seen in rheumatoid e�usions. �e hyaline background 
material varies in appearance and may be mistaken for 
�brin. �e material usually has a glassy quality unlike the 
�brillar quality of �brin. Cholesterol crystals are o�en an 
additional constituent in longstanding e�usions (Figure 
20.5b).22 �ese �ndings are said to be only present in 

patients with rheumatoid nodules in the pleura, suggest-
ing that discharge of debris into the pleural cavity is part 
of the pathogenesis.15,17,23,24

  SYSTEMIC LUPUS ERYTHEMATOSUS

Pleural e�usion is a common occurrence in systemic lupus 
erythematosus (SLE). Pleural �uids in SLE may contain the 
pathognomonic lupus erythematosus (LE) cells, although 
we have seen only one or two cases with this �nding over 
a 40-year period. LE cells are neutrophils or macrophages 
with engulfed hematoxylin bodies, i.e., denatured nuclei of 
damaged cells. In addition to LE cells moderate numbers of 
neutrophils are o�en present.15,17,25,26

 EFFUSION IN BOERHAAVE SYNDROME

Pleural cytology can be of value in the rapid diagnosis of 
spontaneous esophageal rupture (Boerhaave syndrome). 
�e �uid has an unusual dark green or brown appearance 
and when recognized in the laboratory should prompt 
urgent processing. �e cytological �ndings include con-
tents of the esophagus such as mature squamous cells, 
mixed bacteria, and food particles admixed with amor-
phous debris.

MALIGNANT EFFUSIONS

 MALIGNANT PLEURAL MESOTHELIOMA

Not so long ago it was considered that a full autopsy was 
required to place the diagnosis of malignant pleural meso-
thelioma beyond all doubt. In the more recent past, pathol-
ogists have recommended thoracotomy with generous 
tissue sampling to establish a diagnosis of mesothelioma. At 

(a) (b)

Figure 20.5 (a) Rheumatoid effusion showing multinucleated giant cells and macrophages in a background of hyaline 
debris. (b) Cholesterol crystals in long-standing rheumatoid effusion.
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present, in several countries, diagnostic guidelines state that 
a tissue sample is required in all cases to con�rm the diag-
nosis of mesothelioma, and diagnosis by e�usion cytology is 
deemed unacceptable.27,28 However, we believe that in years 
to come the idea that a biopsy is required for diagnosis in all 
cases will almost certainly be viewed with the same  disbelief 
with which we now regard the requirement for autopsy or 
thoracotomy to establish the diagnosis of mesothelioma.

Western Australia has the highest incidence of 
 mesothelioma in the world, due to asbestos mining in 
the north of the state at Wittenoom from the 1930s to 
the 1960s.29 �e �rst diagnosis of malignant pleural 
 mesothelioma by  e�usion cytology in our institution was 
in 1974 and  cytological diagnosis has been a mainstay 
of patient management ever since, with one to two new 
cases diagnosed by  cytology every 2 weeks (see Table 20.2). 
Diagnosis by e�usion cytology is accepted as su�cient for 
all management decisions and for medico-legal purposes. In 
our opinion, with close attention to cytological techniques 
and routine use of  ancillary studies, e�usion cytology can 
provide a  cytological diagnosis in the majority of mesothe-
lioma cases.5,8,30 An e�usion is  present in approximately 
80% of patients with mesothelioma at the time of presen-
tation; e�usion cytology is a cost e�cient and minimally 
invasive technique that can save patients from unnecessary 
more invasive procedures. In addition pleural �uid can be 
examined at a stage of the disease prior to any radiologically 
recognizable mass lesion.

As in cytological diagnosis in any organ, there are cases in 
which biopsy is required, and the proportion of cases requiring 
biopsy in the setting of mesothelioma may be higher than in 
other tumor types; however, the need for biopsy in some cases 
does not negate the value of pleural cytology for the numerous 
patients in whom an unequivocal diagnosis can be rendered 
by examination of pleural �uid. �e re�ex response of many 
pathologists that mesothelioma cannot be diagnosed by cytol-
ogy is a hindrance to attempts to improve diagnostic practice 
in this area. It is our contention that if cytological diagnosis 

of metastatic disease in pleural �uid is accepted there is no 
 reason to reject cytological diagnosis of mesothelioma.

�e argument that biopsy is needed for subtyping or 
grading of mesothelioma does not negate the value of cytol-
ogy; essentially all patients in whom a cytological diagnosis 
can be rendered have either epithelioid or biphasic mesothe-
liomas and inaccuracy of mesothelioma subtyping is also 
known to occur in small biopsies.31,32 Grading of mesothe-
lioma is a relatively recent concept,33 and there have been 
no studies as yet to attempt grading based on nuclear fea-
tures of malignant cells in e�usions. Furthermore, for many 
unfortunate patients presenting late in the disease there 
may be little to be gained from subtyping or grading, and 
establishing the diagnosis with a minimally invasive proce-
dure may be of greater importance.

When examining pleural e�usion samples from patients 
with mesothelioma, there are three categories into which 
the e�usion can be placed:

 1. Malignant on cyto-architectural grounds.
 2. Needing some form of ancillary testing to establish 

malignancy.
 3. Not diagnosable by cytology—this category includes 

almost all sarcomatoid and desmoplastic mesotheliomas 
due to minimal cell shedding, and also includes those 
epithelioid mesotheliomas that do not have malignant 
cytomorphology and that are negative for ancillary tests 
of malignancy.

A�er establishing a malignant diagnosis, the �rst two 
categories require immunohistochemical panels to con�rm 
the phenotype of the malignant cells. �e main di�erential 
diagnosis in this setting is usually between mesothelioma 
and metastatic adenocarcinoma. �e third category will 
require some form of biopsy.

�e diagnostic emphasis in pleural e�usion cytology has 
shi�ed in recent years; previously many studies were con-
cerned with di�culties in distinguishing adenocarcinoma 
from mesothelioma, however, with the development of spe-
ci�c immunohistochemical mesothelial markers, as well 
as sensitive and fairly speci�c markers for metastatic lung, 
breast, gynecological, renal, and colorectal carcinomas, the 
problem of distinguishing between adenocarcinoma and 
mesothelioma has greatly diminished. More emphasis is now 
being placed on separating benign/reactive mesothelial cells 
from malignant mesothelial cells. �e development of new 
ancillary tests, such as e�usion mesothelin levels34 and �uo-
rescent in situ hybridization (FISH)35 is proving to be of value 
in this area.

It must be remembered that reactive mesothelial 
 proliferations can be highly cellular and demonstrate 
 cytological atypia; particularly �orid proliferations can be 
seen in the settings of chest trauma, pulmonary embolus, 
and as a reaction to other malignancies; for this reason 
in the absence of de�nite malignant  cyto-architectural 
 features and/or positive ancillary tests of malignancy, some 
form of biopsy is required to  establish the diagnosis.

Table 20.2 Modalities of mesothelioma diagnosis at 
PathWest QEII Medical Centre between 2007 and 2012

Method of initial diagnosis Number of cases

Cytology 126
Histology 103
Combined 24
Necropsy 4
Total cases 257
Ancillary studies
Electron microscopy on cytology 

sample
33a

Electron microscopy on histology 
sample

3

aThe majority of the electron microscopy studies where performed 
in 2007 and 2008 with a steady decline in the subsequent years. 
Only one case had electron microscopy in 2012.
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 Approach to effusion cytology diagnosis of 
pleural mesothelioma

As in all cytological samples, optimal smear and cell 
block  preparation are critical to facilitate diagnosis 
(see   “Specimen collection and laboratory processing” and 
Figure 20.1)

�e diagnosis is approached in two stages:

 1. Establish the presence of malignant cells by cytomor-
phology +/− ancillary studies.

 2. Determine the phenotype of the malignant popula-
tion, usually by immunohistochemistry, with rare cases 
requiring EM.

Cytomorphological features of malignancy in pleural 
�uid:

 1. �e presence of numerous large (>50 cells) structured 
aggregates and balls of cells is diagnostic of malignancy 
in pleural �uid samples (Figure 20.6a).

 2. �e presence of overtly malignant cells, either as 
single cells or in aggregates, where the degree of 
nuclear abnormality is diagnostic of a malignant 
process (Figure 20.6b); this pattern may be seen in 
various anaplastic tumors and establishing pheno-
type may be di�cult in this setting. Overtly malig-
nant cells are less common in mesothelioma than in 
adenocarcinoma and other metastatic malignancies, 
but a proportion of cases of mesothelioma do present 
in this fashion.

Cytomorphological features suggesting mesothelioma in 
pleural �uid, but requiring ancillary con�rmation36–38:

 1. Highly cellular sample, including moderate numbers of 
aggregates, but falling short of the size criteria listed in 
point (1) above.

 2. Mesothelial cells, either single or in aggregates, which 
are significantly larger than normal mesothelial cells—
enlargement is of the whole cell: cytoplasm, nucleus, 
and nucleolus.

 3. �e presence of macronucleoli.
 4. Prominent degree of cell engulfment.
 5. Background pyknotic eosinophilic cells.
 6. Hyaluronic acid cytoplasmic vacuoles and background 

hyaluronic acid.
 7. Collagen/basement membrane cores within 

aggregates.

 Ancillary tests to confirm malignancy

�ere are various categories of tests that can be performed 
on pleural �uid samples to help establish the presence of 
malignancy. �ese include immunohistochemistry, assays 
for various markers in �uid supernatant, and FISH.

IMMUNOHISTOCHEMISTRY

Epithelial membrane antigen (EMA) has been shown in sev-
eral studies to be a useful marker of epithelial malignancy, 
both mesothelioma and adenocarcinoma, in the setting 

(a)

(b)

(c)

Figure 20.6 (a) Multiple large aggregates in  mesothelioma. 
(b) Mesothelioma with overtly malignant cytomorphology. 
(c) Mesothelioma with bland cytomorphology.
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of e�usion cytology. It is important to use an appropriate 
EMA Antibody clone (DAKO E29) in order to achieve opti-
mum sensitivity and speci�city.39,40 To be diagnostically 
useful EMA staining should be membranous or membra-
nous and cytoplasmic, with the majority of cells staining 
strongly (Figure 20.7a). If appropriate clones are used, EMA 
has a sensitivity of 75%–80%39–41 in e�usion diagnosis of 
malignant pleural mesothelioma. It is also a useful marker 
to highlight e�usions containing metastatic carcinoma, 
particularly where there are only small numbers of malig-
nant cells present. In our laboratory, strong positive EMA 
staining in a majority of cells is considered as evidence of 
malignancy; distinction between mesothelioma and adeno-
carcinoma is then dependent on more extensive immuno-
histochemical panels.

Other immunohistochemical markers of benign and 
malignant mesothelial cells have been described, however, 
we have not found them to be as useful as EMA. �ese 
include glucose transporter 1 (Glut-1), typically found on 
erythrocyte cell membranes, which is aberrantly expressed 
in various carcinomas. Glut-1 has been reported as speci�c 
and sensitive in discriminating malignant pleural mesothe-
lioma from reactive hyperplasia.42,43 We have not yet had 
su�cient experience with this antibody in our material.

Desmin is a marker usually used to demonstrate myoid 
di�erentiation; it has also been reported as being useful to 
distinguish benign from malignant mesothelial cells, par-
ticularly when used in combination with EMA. Desmin 
stains benign mesothelial cells and is usually negative in 
mesothelioma, although positive staining has been reported 
in up to 10% of mesotheliomas.41

Other immunohistochemical markers such as p53,41,44 and 
Ki-6744 are generally considered to lack su�cient sensitivity 
and speci�city in this setting. Recently, insulin-like growth 
factor II messenger ribonucleic acid-binding protein 3 (IMP3) 
has been described as another useful marker to distinguish 
between reactive and malignant mesothelial cells.45

 MARKERS OF MALIGNANCY IN 
FLUID SUPERNATANT

Soluble mesothelin-related peptide (SMRP) levels are 
measured by an ELISA test; levels greater than 20 nmol/L 
have been shown in several studies to be a useful marker 
of malignancy in e�usion samples, although elevated lev-
els do not distinguish between mesothelioma and other 
malignancies.34,46,47 An elevated mesothelin level in e�usion 
supernatant has a sensitivity of 67% and speci�city of 98% 
in the diagnosis of malignancy.34

Measuring hyaluronic acid levels to detect malignancy in 
e�usion �uids has been described since the 1950s, and there 
has been recent renewed interest in this technique. Elevated 
levels are seen in approximately 70%–80% of cases of meso-
thelioma48 but may also be seen in other conditions, e.g., 
connective tissue diseases, such as rheumatoid  arthritis. 
Other markers such as CEA, CA125, and CA19-9 have been 
found to be useful in the diagnosis of carcinoma, but not 
mesothelioma.49

FLUORESCENT IN SITU HYBRIDIZATION

Homozygous deletion of 9p21, the locus harboring the p16 
gene, is the most common genetic alteration in mesotheli-
oma. �e use of FISH in detecting this deletion and thereby 
distinguishing benign from malignant mesothelial cells is 
growing rapidly.35,50 Chromosomal losses in mesothelioma 
have also been found at 1p36 (43%), 14q32 (43%), and 22q12 
(38%); gains have been demonstrated at 5p15 (48%), 7p12 
(38%), and 8q24 (45%). To date there are no cases of benign 
processes demonstrating chromosomal gains or losses.

In a study of FISH in e�usion cytology 79% of e�usions 
with biopsy-proven mesothelioma had chromosomal aber-
rations, with loss of 9p21 as the most common �nding. All 
benign e�usions were FISH negative. Sensitivity, speci�city, 
and positive and negative predictive values for detection of 
mesothelioma by FISH in e�usion cytology samples were 
79%, 100%, 100%, and 72%, respectively.51

(a) (b)

Figure 20.7 (a) Diffuse membranous and cytoplasmic staining for EMA in mesothelioma. (b) Nuclear and cytoplasmic 
staining for calretinin in mesothelioma.
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 Ancillary tests to determine phenotype

 HISTOCHEMISTRY AND  
IMMUNOHISTOCHEMISTRY

Although there are well-described cytological  features37,52,53 
suggesting mesothelial di�erentiation (e.g., dense cyto-
plasm, intercellular “windows,” hyaluronic acid vacuoles, 
peripheral glycogen lakes, small squamous-like cells), it is 
always essential to prove phenotype either by immuno-
histochemistry or, in cases where immunohistochemistry 
is aberrant, by EM. �ere are well described malignant 
mimics of mesothelioma in e�usion cytology (in par-
ticular carcinomas of breast, lung, kidney, and ovary), 
however, appropriate immunohistochemistry panels can 
usually achieve accurate diagnosis.54 Knowledge of clini-
cal history can be crucial in guiding appropriate antibody 
selection.

Histochemical staining by Periodic acid-Schi� (PAS) 
following diastase predigestion to detect neutral mucin is 
a useful and simple test. Positive mucin staining has been 
described in small numbers of mesotheliomas; however, 
this may re�ect PAS cross-reacting with hyaluronic acid. 
Identi�cation of genuine mucin virtually excludes mesothe-
lioma (Figure 20.8).55

�ere are numerous publications examining the e�cacy 
of di�erent antibody panels in distinguishing mesothe-
lioma from adenocarcinoma,54 with various recommenda-
tions as to which combinations are best, including studies 
using regression analysis to recommend limited panels.56–58 
Generally, the recommended approach is to include at 
least two mesothelial markers and two glandular markers 
and this is re�ected in published diagnostic guidelines.27 
Whichever antibodies are chosen, they must be validated 

in each diagnostic laboratory. In our experience, we �nd 
 calretinin to be the most useful marker of mesothelial cells, 
with sensitivity of over 95% in epithelioid malignant meso-
thelioma (Figure 20.7b);59 however, we routinely perform 
a panel which also includes additional mesothelial mark-
ers CK5/6, WT1, mesothelin, and D2-40 and use a broad 
panel of glandular markers including CEA, MOC31, CD15, 
BerEP4, and B72.3, with TTF-1 also performed routinely. 
Depending on the clinical setting we would add markers 
speci�c to particular sites (see Table 20.3). Where the di�er-
ential diagnosis includes squamous cell carcinoma (SCC), 
p63 staining is of value as it is almost invariably positive 
in SCC and almost always negative in mesothelioma.60 In 

Figure 20.8 Periodic acid-Schiff with diastase staining 
cytoplasmic mucin a magenta color in adenocarcinoma.

Table 20.3 Positive immunohistochemical stains in the most common tumor types

Tumor type Positive immunohistochemical stains

Pulmonary adenocarcinoma TTF1, Napsin A, CK7
Breast adenocarcinoma Mammaglobin, GCDFP-15, ER, PR, CK7
Female genital tract carcinoma PAX8, WT1, P53, CK7, ER, PR
GIT (oesophagus, stomach, and small bowel) CDX2, CK7
GIT (colo-rectum) CDX2, CK20
Pancreatico-biliary CDX2, CK7, CK19, S100P
Renal cell carcinoma PAX8, RCC, CD10, Vimentin
Urothelial carcinoma GATA3, Uroplakin, P63, CK7, CK20, HMWK
Thyroid carcinoma PAX8, TTF1, Thyroglobulin
Prostate adenocarcinoma PSA, PSAP
Hepatocellular carcinoma HepPAR1, Glypican
Squamous cell carcinoma P63, CK5/6, P40
Melanoma S100, Sox-10, Melan A, HMB45, MITF
Neuroendocrine carcinoma Synaptophysin, Chromogranin, CD56

Abbreviations: GIT, gastrointestinal tract; TTF1, thyroid transcription factor 1; CK, cytokeratin; GCDFP15, gross cystic disease fluid protein 15; 
ER, estrogen receptor; PR, progesterone receptor; PAX8, paired box 8; WT1, Wilms tumor 1; CDX2, caudal type homeobox 2; S100P, S100 
calcium binding protein; RCC, renal cell carcinoma; CD, cluster of differentiation; GATA3, GATA binding protein 3; HWMK, high molecular 
weight keratin; PSA, prostate specific antigen; PSAP, prostate specific acid phosphatise; Sox10, sex determining region Y-box 10; HMB45, 
human melanoma black 45; MITF, microphthalmia-associated transcription factor.
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cases where melanoma, lymphoma, or sarcoma enters the 
 di�erential diagnosis the immunohistochemical panel will 
need to be expanded (see Table 20.3).

It is worth noting that if a speci�c diagnosis of an ana-
plastic tumor cannot be determined in an e�usion sample 
(where there is an adequate cell block and material for EM), 
there is usually little to be gained from obtaining a biopsy.

ELECTRON MICROSCOPY

We do not use EM to distinguish between reactive and 
malignant mesothelial cells. Its role is to determine phe-
notype in anaplastic tumors where immunohistochemis-
try has proven inconclusive, and also in cases where the 
di�erential diagnosis lies between mesothelioma and 
adenocarcinoma and there is aberrant immunohisto-
chemical staining. Classical ultrastructural features sug-
gesting mesothelial di�erentiation include the presence of 
long, slender, wavy, sometimes branching microvilli and 
 microvillus length to diameter ratio exceeding61 15; in 
comparison adenocarcinomas usually have shorter more 
rigid microvilli. With the advent of speci�c mesothelial 
markers the role of EM in this setting has declined mark-
edly (see Table 20.2).

Multidisciplinary review

As for other malignancies, current best medical practice 
requires multidisciplinary review of newly diagnosed or 
suspected cases of mesothelioma; this enables discussion 
regarding the need for further sampling. �e presence of 
a clearly invasive tumor by imaging, in combination with 
cytology which is strongly suggestive of mesothelioma 
(i.e., not completely diagnostic alone), may sometimes be 
deemed su�cient for management in patients who are med-
ically un�t to undergo biopsy.

METASTATIC CARCINOMA

As with all cytodiagnosis, a combination of accurate clinical 
history with optimally prepared specimens and judicious 
use of ancillary studies is required for accurate diagnosis of 
metastatic malignancy involving the pleura.

�e process begins with the identi�cation of a cell 
population distinct from the normal constituents of pleu-
ral �uid. �ese cells may be distinct because of unusual 
architecture such as the formation of large lobulated 
aggregates or display “atypical” cellular features such as 
nuclear enlargement and pleomorphism. Morphological 
mimics and pitfalls then have to be accounted for either 
using cytological criteria alone or in combination with 
ancillary studies. Once it is decided that the o�ending 
cells are malignant in nature, phenotypic subtyping of 
the malignancy by cytomorphology usually in combina-
tion with ancillary studies is required. Broad categories 
of carcinoma, mesothelioma, sarcoma, or lymphoma are 
�rstly determined, followed by further re�nement and in 

cases of metastatic adenocarcinoma, determination of the 
primary site. Increasingly, malignant cytology samples 
are being utilized for molecular pathology, most notably 
for epidermal growth factor receptor (EGFR), Kirsten rat 
sarcoma (KRAS), and anaplastic lymphoma kinase (ALK) 
testing as predictive and prognostic markers in lung ade-
nocarcinoma. Submission of ample material to the labora-
tory and judicious use of ancillary studies to ensure that 
there is adequate material for molecular testing is of criti-
cal importance. 

Metastatic adenocarcinoma

In our experience the most common sources of metastatic 
adenocarcinoma in decreasing frequency are lung, breast, 
female genital tract, gastrointestinal tract, kidney, pancreas, 
thyroid, prostate, and salivary gland (Table 20.4). A similar 
spectrum is described in the literature.3,4,62,63

Cytomorphological features that suggest adenocarci-
noma cells include:

 1. Tendency to aggregate (Figure 20.9a): Smoothly con-
toured groups composed of large cells with eccentric 
nuclei, prominent o�en monotonous appearing nucleoli 
and vacuolated cytoplasm. Other architectural forma-
tions include papillae, palisaded strips, and acinar 
groups with a central lumen recapitulating gland forma-
tion. A “single cell” or “dispersed” pattern is seen in 
some adenocarcinomas such as poorly cohesive (signet 
ring) gastric carcinoma or lobular breast carcinoma 
(Figure 20.9b).

 2. Cytoplasmic quality: Adenocarcinoma cells o�en but 
not invariably have abundant cytoplasm, which is 
delicate and vacuolated. Most characteristically, the 
vacuoles indicate the presence of mucin.

Immunohistochemical stains commonly utilized in 
determining the origin of metastatic tumors are outlined in 
Table 20.3.

LUNG

Metastases from the lung range from well to poorly dif-
ferentiated tumors. �e latter o�en defy morphologi-
cal and immunohistochemical attempts at subtyping 
and require clinical correlation to determine lung origin. 
Well-di�erentiated adenocarcinomas display features as 
described in the previous section (Figure 20.9a and b). 
�yroid transcription factor 1 (TTF1) is a robust immuno-
histochemical marker of lung adenocarcinoma; however, up 
to 20% of cases will be negative for TTF1 and require con-
�rmation with other immunohistochemical markers and 
correlative imaging.64

BREAST

Pleural metastases of breast carcinoma may develop a decade 
or more a�er treatment of the primary neoplasm, therefore 
a history of breast cancer is always important to  include 
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or elicit. �e lobular subtype of breast carcinoma o�en pres-
ents as relatively small single atypical cells, which mimic mac-
rophages or mesothelial cells. �e epithelial nature of these 
cells is revealed in their tendency to form small chains and 
cytoplasmic “mucin targets,” which can be highlighted by 
periodic acid Schi� with diastase (PASD) histochemical stain-
ing (Figure 20.8). �e more common ductal type carcinoma 

may characteristically have a low-power “cannonball” appear-
ance, as a result of multiple large compact spheroids of malig-
nant cells.65 An emerging and important pitfall is in the 
di�erential diagnosis of basal phenotype breast carcinomas 
and mesothelioma. Basal phenotype breast carcinomas are 
generally estrogen and progesterone receptor negative and 
o�en show expression of mesothelial markers calretinin and 

(a) (b) (c)

(d) (e) (f )

(g) (h) (i)

(j) (k)

Figure 20.9 (a) Metastatic lung adenocarcinoma composed of malignant cells arranged in crowded aggregates. 
(b) Metastatic gastric adenocarcinoma presenting as single cells. (c) TTF1 positive lung adenocarcinoma. (d) Small cell 
neuroendocrine carcinoma demonstrating nuclear molding, smearing and “salt and pepper” chromatin. (e) Synaptophysin 
(neuroendocrine marker) positive small cell carcinoma. (f) Diffuse large B-cell lymphoma. (g) Positive staining for 
B-cell marker CD20 in diffuse large B-cell lymphoma. (h) Malignant melanoma with cytoplasmic melanin pigment. 
(i) S100  positive malignant melanoma. (j) Rhabdomyosarcoma. (k) Desmin (myoid marker) positive rhabdomyosarcoma.
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CK5/6. In this scenario, review of the primary tumor and a 
broad panel of immunohistochemical markers are required to 
avoid misdiagnosis.66,67

FEMALE GENITAL TRACT

�e vast majority of metastatic carcinomas from the female 
genital tract are serous carcinomas arising from the ovary, 
fallopian tube or peritoneum. Metastatic serous carcinomas 
usually give rise to highly cellular specimens containing 
overtly malignant cells. Psammoma bodies are o�en pres-
ent within the cell groups, but have also been observed in a 
small number of thyroid and lung carcinomas.68

On purely immunohistochemical grounds, serous car-
cinomas are amongst the most di�cult to separate from 
mesothelial cells, being variably positive for “mesothelial” 
markers calretinin (8%–31%), CK5/6 (22%–35%), meso-
thelin (100%), WTI (83%–100%), and D2-40 (13%–65%).69 
Fortuitously, these tumors are also positive for glandular 
markers (CEA, B72.3, Ber-EP4, MOC-31, and CD15) in the 
majority of cases (30%–100%) and more site speci�c markers 
such as PAX8.69 PAX8 is a recently described immunohisto-
chemical marker that has shown high sensitivity (96%) and 
speci�city (96%) for metastatic carcinomas arising from the 
female genital tract in e�usion cytology.70,71 Staining is also 
observed in renal and thyroid carcinomas, so  correlation 

with other ancillary studies and clinical history is impor-
tant, as with all immunohistochemistry.

GASTROINTESTINAL TRACT

�e most common sources of metastatic adenocarcinoma 
from the gastrointestinal tract include colo-rectum, stomach, 
esophagus, and pancreatico-biliary tree. Adenocarcinomas 
arising from the colo-rectum o�en display columnar cells 
with abundant necrotic debris, an appearance that re�ects 
the histology of these tumors.

Gastric adenocarcinoma of the poorly cohesive or sig-
net ring type presents as single malignant cells, some with 
large cytoplasmic vacuoles, which displace the nuclei to 
the periphery of the cell, thereby creating the “signet ring” 
(Figure 20.9b). Single malignant cells with scant dense cyto-
plasm mimicking lymphoma or other dishesive malignan-
cies can also be seen.63

KIDNEY

Malignant e�usions secondary to renal cell carcinoma 
account for 1%–2.2% of malignant pleural e�usions.62,63 
Metastatic renal cell carcinoma can present many years 
a�er the primary neoplasm, with 19 years being the longest 
time to pleural metastases on record in our laboratory.72 
Clear cell, papillary, and rarely chromophobe renal cell car-
cinomas have all been described as pleural metastases.73,74 
Renal cell carcinoma can be morphologically di�cult to 
distinguish from mesothelioma and expresses traditional 
glandular markers less frequently than other adenocar-
cinomas.75 A broader panel of immunohistochemical 
stains including CD10, RCC, and PAX8 is therefore o�en 
required.75,76

Squamous cell carcinoma

Metastatic SCC is uncommon, accounting for 0.6%–2% of 
malignant pleural e�usions.55,77 Identi�cation of a primary 
source is usually reliant on clinical information. �e only 
marker we use with any frequency is p16 to assist in the 
identi�cation of SCC arising from the oropharynx or cer-
vix.78 �e use of molecular techniques to detect and type 
human papillomavirus (HPV) if present may also be of 
value in this setting. In the series by Smith-Purslow et al., 
the most common primary sites were lung, female genital 
tract, or larynx.55 �e di�erential diagnosis includes squa-
mous metaplasia in �stulous tracts, mesothelioma, and cer-
tain carcinomas, such as those arising in the bladder.

Cytological features that suggest squamous di�eren-
tiation include spindle and stellate shaped cells with dense 
orangeophilic (keratinized) cytoplasm occurring in syncy-
tial aggregates and as single cells.

 Small cell neuroendocrine carcinoma

�e cells of small cell carcinoma are traditionally “small” for 
malignant cells, but in isolation are “intermediate” size cells, 

Table 20.4 Origin and frequency of metastatic tumors 
presenting in pleural effusions at PathWest QEII Medical 
Centre over a 10-year period

Metastatic tumor type Frequency (%)

Pulmonary carcinoma 38
Breast adenocarcinoma 17
Unknown 14a

Female genital tract carcinoma 7
Lymphoma 6
Gastrointestinal tract 

adenocarcinoma
5

Small cell neuroendocrine 
carcinoma

5

Melanoma 3
Renal cell carcinoma 1
Pancreatic adenocarcinoma 1
Thyroid carcinoma 0.7
Squamous cell carcinoma 

(non-lung)
0.7

Sarcoma 0.5
Urothelial (bladder) carcinoma 0.4
Prostatic adenocarcinoma 0.4
Salivary gland carcinoma 0.2
Hepatocellular carcinoma 0.1

a Most of these cases show a CK7+/TTF1—immunoprofile with a 
differential diagnosis of lung, upper gastrointestinal tract including 
pancreatico-biliary origin. Some cases also represent breast versus 
female genital tract prior to the availability of more specific immu-
nohistochemical markers.
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being usually two times the size of a resting  lymphocyte. 
Not infrequently, there may be a range in cell sizes, with 
an admixture of larger malignant cells. In this scenario, a 
thorough search for features of large cell neuroendocrine 
carcinoma, such as vesicular nuclei and prominent nucleoli, 
may allow diagnosis of a mixed small and large cell neuro-
endocrine carcinoma.

Classically, the malignant cells are predominantly dis-
persed but with some degree of cohesion. Nuclei can be 
angulated or round with characteristic “salt and pepper” 
chromatin.79 Nuclear smearing and molding is o�en pres-
ent. Numerous mitotic �gures and apoptotic debris re�ect 
the rapid turnover of cells in this high-grade neoplasm 
(Figure 20.9d and e).

�e main di�erential in an adult population is lym-
phoma, and although the cytological appearances of the 
two entities can be quite distinctive, immunohistochemis-
try is o�en useful in this separation.

LYMPHOMA AND LEUKEMIA

Pleural e�usion cytology has a role in the initial diagnosis 
of and detection of recurrent lymphoma and leukemia.80 In 
the adult population, lymphomas account for 6%–15% of 
malignant pleural e�usions.3,81

A vast array of lymphoma and leukemia subtypes exists, 
most requiring ancillary studies for de�nitive World Health 
Organization classi�cation.82 To enable e�ective triage of 
material for ancillary studies, fresh �uid is required by the 
laboratory for rapid evaluation. Material becomes unsat-
isfactory for �ow cytometry a�er storage for more than 
24  hours in saline and 48 hours in RPMI medium. Once 
lymphoma or leukemia is established as a diagnostic pos-
sibility, material can be submitted for �ow cytometry, cyto-
genetics, and cell block preparation.83 �e latter specimen 
can be utilized for immunohistochemistry, FISH, immuno-
globulin, and T-cell receptor gene studies.84,85

�e majority of non-Hodgkin’s and Hodgkin’s lym-
phoma subtypes have been described in pleural �uid. 
Similarly, cases of leukemia and myeloma are not di�cult 
to identify in the literature.83,86–89

Lymphomas and leukemias have a single cell pattern, 
with no genuine aggregates or glandular structures. �ese 
neoplastic cells form a monotonous population that di�ers 
from the polymorphous appearance of hematopoietic cells 
seen in reactive e�usions (Figure 20.9f and g). Recognition 
of neoplastic small-, intermediate-, or large-sized cells 
allows initial morphological subclassi�cation. Identi�cation 
of cells with “blastic” (round to convoluted nuclei, �nely 
granular chromatin, small nucleolus) or unique cellular fea-
tures (“clock-face” chromatin and perinuclear hof of plasma 
cells) enables further re�nement of diagnosis, which is o�en 
completed with ancillary studies.

Most commonly, pleural involvement is associated with 
widespread systemic disease; however, primary e�usion 
lymphoma is a distinct clinicopathological entity, which 

demonstrates predominant involvement of serous cavities 
in patients with human herpes virus-8 and HIV infection.90 
�ese tumors are characterized by large cells with moderate 
to abundant cytoplasm, occasional bi- or multinucleation, 
prominent nucleolus, and coarse chromatin. Detection of 
HHV-8, either through immunohistochemistry or molecu-
lar means, is essential to diagnosis.91

 OTHER UNCOMMON MALIGNANCIES

Melanoma

Melanoma is known in cytology as the great mimicker. 
Classically, melanoma consists of a dispersed and loosely 
cohesive population of spindled and epithelioid cells with 
large nuclei, prominent nucleoli, intranuclear inclusions, 
and a variable amount of cytoplasm (Figure 20.9h and i).92,93 
Melanin pigment may be seen in the cytoplasm of malig-
nant cells (25%–72%), but is o�en absent or seen in sur-
rounding macrophages.94 Depending on the histological 
subtype of melanoma and which features predominate in 
any given sample, melanoma can resemble reactive meso-
thelial cells, poorly di�erentiated carcinoma, high-grade 
lymphoma, or sarcoma. �erefore, correlation with clinical 
history and a low threshold for including melanoma mark-
ers in an immunohistochemical panel for poorly di�erenti-
ated malignancy is always prudent.

Sarcoma

Pleural metastases of so� tissue sarcomas are rare, largely 
con�ned to case reports and in practice usually accompa-
nied by prior diagnoses. Malignant spindle cells in pleural 
�uid evokes a broad di�erential that should include sarco-
matoid carcinoma, sarcomatoid mesothelioma, synovial 
sarcoma, and malignant solitary �brous tumor followed by 
rarer metastases of primary so� tissue sarcomas.

Sarcomas that have been described include angiosar-
coma, clear cell sarcoma, epithelioid hemangioendothe-
lioma, “malignant �brous histiocytomas,” leiomyosarcoma, 
rhabdomyosaroma, liposarcoma, osteogenic sarcoma, and 
chondrosarcoma.95–100 In our practice, we have isolated 
cases of osteogenic sarcoma, chondrosarcoma, rhabdomyo-
sarcoma, malignant phyllodes tumor, and epithelioid sar-
coma (Figure 20.9j and k).

 FINE NEEDLE ASPIRATION AND CORE 
IMPRINT CYTOLOGY

In our practice, �ne needle aspiration (FNA) diagnosis is 
used in a relatively small proportion of pleural mass lesions 
compared with other intrathoracic sites and is mainly used 
in cases without associated e�usions. Most mass lesions that 
involve the pleura are subjected to core biopsy sampling as 
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the risk of pneumothorax or other complications is low. 
Nevertheless, as for lung parenchymal or mediastinal 
lesions, our pathology team routinely attends the radiology 
suite. Sometimes the radiologist �nds an initial FNA sample 
useful or necessary according to ease of access to the under-
lying lesion. FNA smear material is rapidly stained and an 
assessment made by on-site microscopy, of the adequacy of 
material and likely lesion type, together with the need for 
ancillary testing, e.g., for microbiological studies, cell block, 
�ow cytometry, or EM. If a core biopsy is taken, imprints are 
prepared by gently moving the core over a glass slide prior 
to �xation. �e slide is rapidly �xed in alcohol and stained 
with H&E. �is allows an assessment of the likely nature 
of the lesion and the need for further sampling for ancil-
lary testing or routine histology. Sparsely cellular smears 
or smears showing necrosis may indicate the need for some 
alteration in sampling angle or depth of subsequent core 
biopsy sampling.
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Effusions from cardiovascular diseases
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KEY POINTS

 ● Pleural e�usions are a common complication not only in patients with le�-sided HF but also in those with 
right-sided HF.

 ● Bilateral pleural e�usions in the presence of cardiomegaly should raise the suspicion of HF.
 ● Patients with bilateral e�usions and the typical clinical picture of HF can be treated medically without 

thoracentesis.
 ● If HF is clinically suspected, but the pleural �uid meets (borderline) exudative Light’s criteria, a serum-e�usion 

albumin gradient should be obtained. If it is above 1.2 g/dL, the e�usion can be attributed to HF.
 ● A pleural or serum NT-pro-BNP concentration greater than 1500 pg/mL is virtually diagnostic of HF.
 ● Colchicine should be considered in patients with pleural e�usions associated with PCIS or acute pericarditis.
 ● Pleural e�usions due to PE are always exudates. �ey may become loculated, particularly if diagnosis is delayed.
 ● �e majority of traumatic hemothoraces are managed nonoperatively by tube thoracostomy.
 ● A chest CT should be obtained on all patients with chest trauma, since “occult” hemothoraces not seen on chest 

radiographs may be discovered.
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 PLEURAL EFFUSIONS CAUSED BY 
HEART FAILURE

INCIDENCE

Heart failure (HF), resulting from any structural or func-
tional impairment of ventricular �lling or ejection of blood, 

is largely a clinical diagnosis based on history and a  physical 
examination (Table 21.1).1 �e cardinal  manifestations of 
HF are dyspnea and fatigue, normally limiting  exercise 
tolerance, as well as �uid retention, which may lead to 
 pulmonary and/or splanchnic congestion and/or peripheral 
edema. It is generally accepted that the physical examination 
�ndings that point to HF as the most likely diagnosis are a 
third heart sound (likelihood ratio [LR] >8) and elevated 
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neck vein pressure (LR ~5). In contrast, B-type natriuretic 
peptide (BNP) or NT-pro-BNP levels of less than 100 and 
300 pg/mL, respectively, are the strongest argument against 
the disease (LR ~0.1).2

Porcel et al. studied 3077 consecutive patients with 
pleural e�usions submitted to a diagnostic  thoracentesis, 
and reported that three-fourths of all e�usions were 
caused by malignancy (27%), HF (21%), pneumonia 
(19%), and tuberculosis (9%).3 Since many patients 
with a  clinical diagnosis of HF do not undergo a pleu-
ral  aspiration, it can be inferred that HF is probably the 
most  common cause of pleural e�usion. Notably, the 
median age of patients with  HF-related e�usions was 
 signi�cantly higher (80 years) than that for the remaining 
etiologies.3

�e chest radiograph reveals pleural e�usions in 
approximately half the patients with acute decompensated 
HF. �e incidence of pleural e�usion increases to >85% 
when more sensitive methods of detection such as trans-
thoracic ultrasonography (TUS), computed tomography 
(CT), or autopsy are used.4 In the past, it was believed 
that le� rather than right HF was a sine qua non condi-
tion for the formation of pleural e�usions. �ree recent 
studies have shown that many patients with isolated right 
HF also have pleural  e�usions. Speci�cally, no alternative 
explanations were reported for pleural e�usions in 14% of 
147 patients with idiopathic or familial pulmonary arte-
rial  hypertension,5 32.5% of 89 patients with pulmonary 
arterial  hypertension  associated with connective tissue 
diseases,6 and 10% of 33  patients with portopulmonary 
hypertension.7 Pleural e�usions in patients with right HF 
were usually trace to small, bilateral or right-sided, and 
transudative.

PATHOGENESIS

�e development of pleural e�usions in HF, like hepato-
megaly, peripheral edema, or ascites, is an indication of 
volume overload. �e primary mechanism for pleural �uid 
formation in HF is �uid entering the pleural space from 

the lung interstitium. High pressure in the alveolar capil-
laries leads to increased amounts of �uid in the interstitial 
spaces, which then enters the pleural space through the 
highly permeable visceral pleura. Accumulation occurs 
when the rate of entry exceeds the capacity of the lymphat-
ics in the parietal pleura to remove it. Regarding right HF, 
the pathogenesis of pleural e�usions is speculative. It is pos-
tulated that elevated right atrial pressure leads to increased 
central and systemic venous pressures, which mechanically 
impede parietal pleural lymphatic drainage and also facili-
tate the transudation of �uid into the pleural space due to 
the increased hydrostatic pressure in bronchial and chest 
wall veins.8

IMAGING

Sixty percent of e�usions are bilateral on chest 
 radiographs, although this proportion is much higher in 
CT, TUS, or autopsy series.4 Cardiac e�usions are asso-
ciated with  cardiomegaly and vascular redistribution in 
90% of the cases. Only about 10% of HF-related e�usions 
are  unilateral on the le�, a situation in which alterna-
tive diagnoses should be sought (e.g., pulmonary embo-
lism [PE],  pericardial  diseases, pneumonia).4 Eighty-�ve 
percent of the e�usions occupy one-third or less of the 
hemithorax. In some patients, the pleural �uid collection 
becomes  loculated (Figure 21.1). Rarely, a bilateral pleu-
ral e�usion can be explained by a  di�erent cause for each 
side (Contarini  syndrome).9 �e occurrence of an infec-
tious e�usion on one side that  triggers HF, which in turn 
produces a contralateral transudate is a paradigmatic 
example.

�e demonstration of pleural e�usions by TUS in 
patients with chronic HF is an accurate marker for body 
�uid  retention. In a follow-up of 83 patients with chronic 
HF who were examined by TUS at each outpatient visit, 
the appearance of pleural e�usions had high diagnostic 
 accuracy (sensitivity 76.6%, speci�city 98.6%, LR  positive 
54.7, LR negative 0.24) for identifying worsening HF, includ-
ing asymptomatic events.10

Table 21.1 Modified Framingham criteria for diagnosing heart failure

Major criteria Minor criteria

Elevated jugular venous pressurea Dyspnea on exertion
Pulmonary rales Bilateral leg edema
Paroxysmal nocturnal dyspnea Nocturnal cough
Orthopnea Hepatomegaly
Third heart sound (S3 gallop) Pleural effusion
Cardiomegaly on chest radiograph Tachycardia (>120 bpm)
Pulmonary edema on chest radiograph Weight loss >4.5 kg in 5 days in response to diureticsb

Weight loss >4.5 kg in 5 days in response to diuretic 
therapy for presumed heart failureb

a Positive abdominojugular test or elevated neck veins.
b It can be used either as a major or minor criterion. Diagnosis requires two major or one major and two minor criteria to be present and not 

attributed to another condition. Framingham criteria have 92% sensitivity, 79% specificity, likelihood ratio positive 4.3, and likelihood ratio 
negative 0.1 for identifying heart failure.1
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PLEURAL FLUID ANALYSIS

In a patient who presents with the typical �nding of bilat-
eral pleural e�usions and cardiomegaly, the diagnosis of HF 
can be considered clinically con�rmed if the e�usions dis-
appear with diuretics. On the other hand, if the patient is 
febrile, has marked asymmetry in the size of their e�usions, 
has a unilateral e�usion, pleuritic chest pain, does not have 
an enlarged cardiac silhouette, or fails to respond to diure-
sis, a diagnostic thoracentesis is required.

�e pleural �uid from a patient with HF is typically 
a transudate, according to Light's criteria. Indeed, HF 
accounted for 73% of 665 transudative e�usions in a recent 
series.3 More speci�c biochemical characteristics of cardiac 
e�usions are shown in Table 21.2. In approximately 25% of 
patients with HF the pleural �uid will be classi�ed, gener-
ally by a small margin, as an exudate by Light’s criteria.4 
�is is particularly likely if the patient has been receiving 
diuretics before the thoracentesis or the pleural �uid con-
tains more than 10,000 erythrocytes/μL. Diuretic therapy 
removes more water than proteins from the pleural space, 
increasing the concentration of total protein and lactate 
dehydrogenase (LDH). Similary, the presence of erythro-
cytes might also increase pleural LDH levels. �ese increases 
may be su�cient to cause a transudative e�usion to acquire 
exudative characteristics. Measuring the di�erence (gradi-
ent) between the serum and pleural �uid albumin levels is 
useful in such patients since a di�erence greater than 1.2 g/
dL is consistent with a transudative e�usion, even though 
other criteria for an exudative e�usion have been met.11 
Similarly, if the serum to pleural �uid protein gradient is 
greater than 3.1 g/dL, the e�usion in all probability is due 
to HF.11 Although the protein gradient is readily available 

when Light’s criteria are measured, it has been demon-
strated that the albumin gradient performs signi�cantly 
better.12 Speci�cally, it correctly identi�es more than 80% of 
the mislabeled cardiac e�usions, as compared with 55% for 
the protein gradient.12

Another test that should be considered for establish-
ing the diagnosis of HF is the serum or pleural �uid 
 measurement of the natriuretic peptides BNP,  NT-pro-BNP, 
or MR-pro-ANP using commercially available kits. 
Natriuretic peptides are neurohormones secreted by the 
cardiomyocytes in response to stretch and elevated pressure 
in heart chambers.2 In a meta-analysis of 10 studies, which 
included 429 cardiac and 691 noncardiac e�usions, pleu-
ral �uid levels of NT-pro-BNP had a pooled sensitivity and 
speci�city of 94%, an LR positive of 15.2 and an LR nega-
tive of 0.06 in identifying HF-related e�usions.13 �e most 
widely accepted NT-pro-BNP threshold value is 1500 pg/
mL.2 Because pleural �uid and serum NT-pro-BNP levels 
display similar discriminatory properties, blood tests alone 
are usually su�cient. �e pleural �uid NT-pro-BNP test is 
just as powerful as the MR-pro-ANP14 and more so than 
the BNP15 for decisively pointing to HF. Interestingly, more 
than 80% of misclassi�ed cardiac e�usions have pleural 
NT-pro-BNP levels above 1500 pg/mL.11 �erefore, select-
ing either the NT-pro-BNP level or the albumin gradient to 
solve the problem of miscategorized cardiac e�usions is a 
matter of personal decision and test availability.

TREATMENT

�e vast majority of cardiac e�usions resolve with diuretics 
in days to a few weeks. A single therapeutic thoracentesis 
should be considered in patients with intense dyspnea due 

(a) (b)

Figure 21.1 (a) Bilateral pleural effusions due to heart failure. (b) The loculated fluid within the right lung fissure simulated 
a lung mass, which disappeared with diuretics (vanishing tumor).
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to large e�usions, while waiting for the diuretics to take 
e�ect. With the occasional patient having a  symptomatic 
pleural e�usion refractory to conventional therapy, repeated 
 thoracenteses, pleurodesis, or the insertion of an  indwelling 
pleural catheter are management options. Unilateral 
pleurodesis runs a theoretical risk of worsening pleural 
�uid accumulation in the opposite hemithorax though this 
has not been shown as a clinically relevant concern. In a 
recent series, indwelling pleural catheters were inserted in 
38  patients with cardiogenic pleural e�usions refractory 
to the usual therapy.16 �e catheters were e�ective in con-
trolling dyspnea in every patient, and could be removed 
in almost half the cases a�er a median of 75 days, mainly 
because of spontaneous pleurodesis.16

 PLEURAL EFFUSIONS CAUSED BY 
PERICARDIAL DISEASES

Pericardial diseases comprise the post-cardiac injury syn-
drome (PCIS), acute pericarditis with or without pericardial 
e�usion, cardiac tamponade, and constrictive pericarditis, 
all of which can be associated with pleural e�usions.

 POST-CARDIAC INJURY SYNDROME

PCIS is characterized by the onset of pleuritic chest pain 
(>80%); pericardial e�usion (>80%); pleural e�usion (>60%); 
fever (50%–60%); elevation of in�ammatory markers; and, 
occasionally, pulmonary in�ltrates in the days, weeks, or 
months following an acute myocardial infarction (Dressler 
syndrome), cardiac surgery with pericardiotomy, blunt chest 
trauma, or even minor precipitating events such as percu-
taneous coronary intervention, pacemaker or de�brillator 
implantation, or catheter ablative therapy.17 It a�ects 1% or 
less of patients with these entities, though the incidence is 
much higher following cardiac surgery (15%–20%).17 �e 
pathogenesis of PCIS is incompletely understood, but it 
appears pericardial and/or pleural mesothelial cell dam-
age may trigger an autoimmune response in predisposed 

individuals. In general, pleural e�usion in patients with 
PCIS is small to moderate in size, unilateral, le�-sided, and 
exudative. Although spontaneous recovery occurs in nearly 
two-thirds of the cases, early treatment with non-steroidal 
anti-in�ammatory drugs (NSAID) (e.g., ibuprofen, indo-
methacin, or aspirin if ischemic heart disease) and 
 colchicine improves the remission rate and reduces the risk 
of recurrences (15%).17 Non-responders or those in whom 
NSAID are either contraindicated or not tolerated may 
require tapering doses of steroids plus colchicine. NSAID or 
prednisone should be maintained until symptoms resolu-
tion and normalization of acute-phase reactants take place, 
whereas colchicine is given for 3 months. �e prophylactic 
use of colchicine starting on the third postoperative day and 
continuing for 1 month signi�cantly reduces the incidence 
of PCIS a�er cardiac surgery.18

ACUTE PERICARDITIS

Acute pericarditis, most o�en presumed to be due to undi-
agnosed viral etiologies, is associated with pericardial e�u-
sions in 60% of the cases and with roentgenographically 
demonstrable pleural e�usions in about one-third.19 In a 
series of 74 patients with pericardial e�usions, of whom 
28 had malignant and 46 had benign etiologies, CT scans 
showed pleural e�usions in 52 (70%) cases.20 �e incidence 
of pleural e�usion was comparable regardless of whether the 
patient had benign (65%) or malignant (78.5%) pericardial 
disease. �e CT �ndings of irregular pericardial thickening 
(>3 mm) and mediastinal lymph node enlargement (>1 cm 
in the short axis) argued for malignancy. Most pleural e�u-
sions in acute pericarditis are le�-only (>50%) or le�-sided 
predominant, small, and exudative. Concerning the mecha-
nism of pleural �uid formation, it is likely that the pericar-
dium and pleura are a�ected by the same process or that the 
pericardial in�ammatory process extends to the contiguous 
pleural membrane. Treatment of acute pleuropericarditis 
consists of NSAID together with a 3-month course of col-
chicine (0.5 mg twice/day for patients weighting >70 kg and 
0.5 mg daily for those weighting ≤70 kg) to reduce the rate 
of incessant or recurrent disease.21

Table 21.2 Pleural fluid characteristics of heart failure-associated effusions

Parameter No. (%)

Erythrocyte count >10,000/μL 105 of 642 (16)
Neutrophils >50% 64 of 520 (12)
Protein <3 g/dL 502 of 643 (78)
Pleural fluid to serum protein ratio ≤0.5 512 of 607 (84)
LDH <320 U/La 609 of 641 (95)
Pleural fluid to serum LDH ratio ≤0.6 435 of 528 (82)
Cholesterol <45 mg/dL 256 of 305 (84)
Albumin gradient >1.2 g/dL 281 of 297 (94.5)
Protein gradient >3.1 g/dL 483 of 607 (79.5)

Source: Porcel JM, Arch Bronconeumol, 2014;50:161–5.
a This cut-off represents two-thirds of our laboratory’s upper limit of normal for serum LDH.
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CONSTRICTIVE PERICARDITIS

Sixty percent of patients with constrictive pericarditis have 
pleural e�usions, being bilateral and nearly symmetric in 
70% of the cases.22 Data on pleural �uid characteristics are 
scarce. E�usions are usually exudative, but might meet 
transudative criteria due to right HF.

 PLEURAL EFFUSIONS CAUSED BY 
PULMONARY EMBOLISM

INCIDENCE

PE should be considered in all patients with a pleural e�u-
sion of uncertain origin. Despite being a common disease, 
in a recent large series it accounted for only 2% of pleural 
e�usions in patients who had undergone a thoracentesis.3 
�ere are three probable explanations for this discrepancy.23 
First, the majority of pleural e�usions associated with PE 
are small, not requiring a thoracentesis. Second, most 
patients with moderate or high clinical probability of PE are 
immediately anticoagulated while awaiting a con�rmatory 
test. Once the diagnosis of PE is established, a thoracente-
sis is unnecessary. �ird, PE is frequently not considered in 
patients with undiagnosed pleural e�usions.

Sometimes, a con�rmed PE is not the primary cause of a 
pleural e�usion, but rather a concomitant �nding in patients 
with malignancy. In one prospective study, 141 consecutive 
patients with unilateral pleural e�usions unrelated to an 
obvious infection underwent a CT-pulmonary angiography 
(CTPA).24 PE was detected in nine (6.4%) patients, of whom 
eight had a cytologically proven pleural malignancy.

PATHOGENESIS

�e primary mechanism by which PE produces pleural e�u-
sion is by increasing the permeability of the pulmonary cap-
illaries through the release of in�ammatory mediators, such 
as vascular endothelial growth factor, from the platelet-rich 
trombi.23 �is results in increased interstitial pulmonary 
�uid that traverses the visceral pleura and enters the pleural 
space. Ischemia of the pulmonary capillaries distal to the 
embolus or parietal pleural in�ammation from a contigu-
ous lung infarction may also play a contributory role in the 
pathophysiology of pleural e�usions.

CLINICAL MANIFESTATIONS

PE is usually, but not always, associated with speci�c risk 
factors such as reduced mobility, trauma, malignancy, or 
thrombophilia. Patients with PE present with three dif-
ferent symptom complexes22,23: (1) pleuritic chest pain or 
hemoptysis (pulmonary infarction), (2) isolated dyspnea, 
and (3) syncope with circulatory collapse. In the Registro 
Informatizado de la Enfermedad TromboEmbólica (RIETE) 

Spanish registry, of 3391 patients with PE who had no 
chronic lung disease or HF, pleural e�usions were found in 
27% of the 1709 patients with pleuritic chest pain or hemop-
tysis, 12% of the 1083 with isolated dyspnea, and 16% of 
the 599 with circulatory collapse.25 Both the RIETE26 and 
the Prospective Investigation of Pulmonary Embolism 
Diagnosis II (PIOPED II)27 studies have noted the follow-
ing approximate frequencies of symptoms and signs among 
patients with PE: dyspnea, 80%, with an onset within sec-
onds or minutes in 70%; chest pain, 55%; leg pain or swell-
ing, 37%; cough, 30%; syncope, 14%; hemoptysis, 7%; 
temperature >38ºC, 10%; tachypnea ≥20/min, 65%; rales, 
25%; tachycardia >100/min, 25%; and increased pulmonary 
component of second heart sound, 20%. Overall, dyspnea, 
tachypnea, or pleuritic chest pain is present in >90% of 
patients with PE.27

CHEST IMAGING

Pleural e�usions occur in 20%–50% of patients with 
PE, depending on whether chest radiographs or TUS/
CT is being assessed, respectively.26,28–30 Pleural e�usions 
 secondary to PE are usually unilateral and small. �ere were 
73 e�usions evident on the chest radiograph in the study of 
Porcel et al.,28 and 34 (47%) were unilateral le�-sided e�u-
sions, 28 (38%) were unilateral right-sided e�usions, and 11 
(15%) were bilateral. E�usions occupied less than a third of 
the hemithorax in 66 (90%) cases, 50% of the hemithorax in 
three (4%), and more than two-thirds of the hemithorax  
in four (6%).28 Notably, the e�usions may become loculated 
in about 20% of the patients for whom the diagnosis of PE 
is delayed for a mean of 12 days a�er symptoms develop.28

CTPA o�en shows parenchymal abnormalities in PE 
patients. In a series of 49 patients with CT evidence of 
PE, at least one abnormality was seen in 45 (92%).31 �e 
most common �ndings were atelectasis (55%), followed by 
ground-glass attenuation (43%), consolidation (39%), and 
wedge-shaped opacities (31%).31 �e last, likely to represent 
pulmonary infarction, were observed on CT scans in 50 
(38%) of 133 patients with PE in another study.28 �e fre-
quency of pleural e�usions is similar in patients with or 
without a peripheral wedge-shaped in�ltrate, but they tend 
to be smaller when the in�ltrate is present.

�ere is poor correlation between the side of the pulmo-
nary embolus on CTPA and that of the pleural e�usion. In 
one study of 93 patients, the pulmonary embolus was uni-
lateral in 61 and the e�usion was ipsilateral in 38, on the 
contralateral side in 7, and bilateral in 16.28

PLEURAL FLUID FINDINGS

�e pleural �uid �ndings associated with PE vary widely and 
do not help in establishing a diagnosis. If a diagnosis of PE 
is already con�rmed by CTPA, a thoracentesis is indicated 
only if the patient is febrile to exclude a pleural infection, or 
if the e�usion is increasing in size to rule out a hemothorax. 
If the diagnosis of PE is not established, a pleural tap should 
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be performed if the thickness of the pleural �uid is more 
than 2–2.5 cm on TUS or CT.19 �e technique can be safely 
performed in fully anticoagulated patients with a 25-gauge 
needle, preferably under TUS guidance.

Although it was stated in the past that a pleural e�usion 
secondary to PE could be either a transudate or an exudate, 
two recent studies comprising 6032 and 483 patients with PE 
have demonstrated that all the e�usions meet Light’s exuda-
tive criteria. �e pleural �uid is not blood tinged or bloody 
in approximately 40% of patients.23,32 �e di�erential white 
blood cell count may reveal predominantly polymorpho-
nuclear leukocytes or lymphocytes. �ere may be pleural 
eosinophilia (>10% of total leukocyte count) or marked 
mesothelial hyperplasia.

DIAGNOSIS AND TREATMENT

�e diagnosis of PE should be considered in every patient 
with an undiagnosed exudative pleural e�usion. If the 
clinical probability of PE is unlikely a�er applying well-
established clinical decision rules (Wells or Geneva scales), 
a normal D-dimer blood test practically excludes the diag-
nosis and further testing is not needed. For the remaining 
situations (i.e., unlikely pretest probability with increased 
D-dimer, or patients in the PE “likely” category) a CTPA 
should be ordered. �e additional advantage of obtaining a 
CTPA is that it may provide clues to the etiology of the pleu-
ral e�usion if PE is not present. In contrast, the presence 
of pleural �uid makes the interpretation of perfusion lung 
scans di�cult and, as a consequence, this diagnostic method 
is less reliable and is being performed less frequently.

�e presence of pleural e�usion does not alter the treat-
ment for PE, which is primarily anticoagulation. A�er ini-
tial therapy with low-molecular-weight heparin, long-term 
therapy is completed with either vitamin K antagonists 
or the novel anticoagulants—dabigatran, rivaroxaban, or 
apixaban—that will not require routine laboratory moni-
toring. �e bloody appearance of the �uid is not a contrain-
dication to anticoagulation. If the pleural e�usion increases 
in size with anticoagulant therapy or if a contralateral pleu-
ral e�usion develops, the patient probably has recurrent PE 
or, less frequently, a pleural infection or hemothorax.22 If a 
hemothorax is present, anticoagulation should be stopped, 
transfusions given as necessary, and a chest tube inserted.

 PLEURAL EFFUSIONS CAUSED BY 
OTHER VASCULAR DISEASES

SUPERIOR VENA CAVA SYNDROME

In the only comprehensive study evaluating the prevalence 
and characteristics of pleural e�usions in 67 patients with 
superior vena cava (SVC) syndrome, 70% of the malignant 
and 58% of the benign cases had pleural �uid present on 
at least one radiographic modality, either chest radiograph 

or CT scan.33 �e majority of the e�usions were small, 
occupying less than 25% of the a�ected hemithorax in 
two-thirds of the cases. E�usions in patients with malig-
nancy tended to be larger. Neither side was preferentially 
involved, with both being a�ected in about 40% of cases. 
�e pleural �uid was analyzed in 22 of the patients, and 
was found to be either an exudate (82%) or a chylothorax 
(18%).33 Occluded lymphatic �ow from increased hydro-
static pressure in the SVC and le� brachiocephalic vein 
probably contributes to the development of chylous pleu-
ral �uid. �e pathophysiology of the exudative e�usions, 
however, is less clear. Pleural �uid cytology was positive 
in 9 of the 17 e�usions sampled from patients with malig-
nancy, which suggests that at least in some cases the e�u-
sions were secondary to pleural metastases rather than to 
the SVC occlusion.

ACUTE AORTIC DISSECTION

�oracic aortic dissection is a life-threatening emergency 
that typically presents with severe, sharp, tearing chest 
pain. Pleural e�usions at presentation may act as a clini-
cal confounder leading to a delayed diagnosis.34 One study 
found pleural e�usions on chest radiographs in 11% of 242 
patients with acute type B aortic dissection (i.e., no involve-
ment of the ascending aorta).35 In another series, CT scan 
detected pleural e�usion in 42 of 48 (87.5%) patients with 
thoracic aortic dissection.36 Pleural e�usions appeared 
at a mean of 4.5 days (range 1–15 days) a�er the onset of 
 dissection, but they were seen on the �rst day of hospitaliza-
tion in 18 patients. E�usions were bilateral in 31 patients 
(74%) and le�-sided in the remaining 11 patients (26%). 
�oracentesis was performed in 6 patients because of dys-
pnea secondary to a massive pleural e�usion, and the �uid 
was bloody in half of these cases. Most of the e�usions 
resolved before  discharge from the hospital. �e presence of 
pleural e�usion is neither an indication nor a contraindica-
tion for surgery.

HEMOTHORAX

Etiology

Hemothorax is the presence of a signi�cant amount of 
blood in the pleural space. Blood entering that space coagu-
lates rapidly. Presumably, as a result of physical agitation 
produced by movement of the heart and lungs, the clot may 
be de�brinated. Loculations occur early in the course of 
hemothorax.

Most hemothoraces result from penetrating or blunt 
chest trauma. Approximately 40% of patients with blunt 
chest trauma develop hemothorax, o�en in association with 
pneumothorax.22 An occasional hemothorax results from 
iatrogenic manipulation or, more infrequently, from a vari-
ety of medical conditions (Table 21.3). Among the latter is 
spontaneous hemopneumothorax, de�ned as the accumula-
tion of more than 400 mL of blood in the pleural space in 
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association with spontaneous pneumothorax, which occurs 
in young patients and may be life-threatening.37 It compli-
cates about 5% of spontaneous pneumothoraces and nearly 
one-third of patients may experience hemodynamic insta-
bility with hypovolemic shock.37 Bleeding into the pleural 
space can result from a torn vascular adhesion band or 
vascular blebs. �e presence of a pneumothorax prevents 
tamponade from the lung and allows blood under systemic 
pressure to accumulate in the pleural space.

Diagnosis

In patients with penetrating or blunt chest trauma, the 
diagnosis of hemothorax is usually established by the dem-
onstration of a pleural e�usion with a chest radiograph or 
TUS. In spontaneous hemopneumothorax, the �nding of 
 pneumothorax with an ipsilateral air–�uid level is char-
acteristic. �e use of chest CT scans for the evaluation of 
patients with severe chest injury has led to the identi�ca-
tion of hemothoraces not seen on supine chest radiographs 
(occult hemothoraces). For example, Sta�ord et al.38 obtained 
chest radiographs and chest CT scans in 410 patients with 
blunt or penetrating chest trauma and reported that the 
radiograph missed hemothoraces in 88 patients (21%), and 
pneumothorax in 75 patients (18%).

When a diagnostic thoracentesis reveals pleural �uid 
that appears to be pure blood, a hematocrit should always be 
obtained on the pleural �uid. Frequently, even though the 
�uid appears to be blood, the hematocrit is less than 5%. A 
hemothorax should be considered to be present only when 
the pleural �uid hematocrit is equal to or greater than 50% 
of the peripheral blood hematocrit.22 If a measured hema-
tocrit is not available, a rough estimate can be obtained by 
dividing the pleural �uid erythrocyte count by 100,000. 
For example, a pleural �uid erythrocyte count of 1,200,000 
equates to a pleural �uid hematocrit of 12%.

Treatment

�e treatment of choice for patients with hemothorax is the 
immediate insertion of a chest tube, which enables evacuat-
ing the blood, assessing the amount of continued bleeding, 
and decreasing the incidence of subsequent empyema and 
�brothorax. Obviously, if there is only a small hemothorax, 
tube thoracostomy is not necessary.

Historically, large-bore chest tubes (size ≥28 F) have been 
recommended in patients with hemothorax because the 
blood frequently clots.22 However, some preliminary studies 
suggest that small-bore tubes (14 F) may compare favorably 
with the traditional ones.39 Chest tubes should be removed 
as soon as draining ceases or they stop functioning (e.g., 
<50 mL over 6 hours) because they can serve as conduits for 
pleural infection. It is recommended that patients who are 
treated with tube thoracostomy for traumatic hemothorax 
be given antibiotics (e.g., cefazolin) to reduce the incidence 
of empyema and pneumonia.40

Video-assisted thoracoscopy surgery (VATS) is feasible 
and safe for stable patients with continued and uncontrolled 
bleeding, clotted hemothorax soon a�er the injury, or com-
plex empyema. Immediate thoracotomy is indicated for 
massive (i.e., initial chest tube output >1500 mL) or contin-
ued pleural hemorrhage (i.e., >200 mL/h for four consecutive 
hours) associated with hemodynamic instability, suspected 
aortic injury or cardiac tamponade, sucking chest wounds, 
or major bronchial air leaks.22 Approximately 10%–20% of 
patients with hemothorax require VATS or thoracotomy. As 
an alternative approach, in 87.5% of 24 patients with iatro-
genic or blunt traumatic intercostal artery injuries associ-
ated with hemothorax, bleeding was successfully controlled 
via transcatheter arterial embolization performed by inter-
ventional radiologists.41

�e four main pleural complications of traumatic hemo-
thorax are the retention of clotted blood in the pleural 
space, empyema, delayed pleural e�usion a�er removal 
of the chest tube, and �brothorax.22 Some hemothoraces 
remain only partially drained by tube thoracostomy. In one 
study, 11% of 596 patients treated with tube thoracostomy 
for traumatic hemothorax were found to have retention of 
clotted blood.42 �e residual clot, a source for signi�cant 
complications such as empyema (27%) or �brothorax (19%), 
should probably be removed if it has a CT-estimated vol-
ume of ≥300 mL, ideally between 2 and 4 days a�er the 
initial injury.43 A chest CT scan is useful for distinguish-
ing between a retained clotted collection and a parenchy-
mal process, such as pneumonia or contusion. �e optimal 
method for removal of the clotted blood is VATS.43 When 
VATS is not readily available, consideration can be given to 
intrapleural �brinolytics (usually applied within 10 days of 
injury)44 or thoracotomy. Retained hemothoraces greater 
than 900 mL frequently need thoracotomy.43

�e treatment of empyema complicating hemothorax 
is similar to that of any bacterial infection of the pleural 
space. �e development of pleural thickening weeks or 
months a�er the hemothorax appears to be more common 

Table 21.3 Causes of hemothorax

Traumatic
 Penetrating or blunt chest trauma
Iatrogenic
 Heart or lung surgery
 Placement of a subclavian or jugular vein-catheter
 Pleural procedures (thoracentesis, chest tube insertion, 

pleural biopsy)
 Lung biopsy
Non-traumatic
 Malignant pleural disease
 Anticoagulant therapy
 Intrapleural fibrinolytics
 PE
 Catamenial (endometriosis)
 Bleeding disorders
 Aortic dissection or rupture
 Spontaneous hemopneumothorax
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when there is an associated pneumothorax or empyema. 
Decortication for �brothorax should be postponed for sev-
eral months following the injury in most cases because the 
pleural thickening frequently diminishes with time.22

FUTURE DIRECTIONS

�e measurement of speci�c biomarkers of HF in serum 
or pleural �uid, such as NT-pro-BNP, may become an inte-
gral part of the algorithmic approach to pleural e�usions. 
Additional studies will be carried out to better characterize 
the pleural �uid biochemistries in the context of pericardial 
diseases. Randomized studies comparing large- and small-
bore tubes for hemothorax are needed. And, the role of 
�brinolytic therapy for retained hemothorax as compared 
with thoracoscopy should be explored.
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KEY POINTS

 ● Malignant pleural e�usion (MPE) can arise secondary to a primary pleural malignancy, e.g., mesothelioma, but 
more commonly develops following metastatic spread of lung and breast carcinoma.

 ● Dyspnea secondary to the MPE is the most common presentation. Dyspnea is o�en multifactorial and other, 
 particularly treatable, causes of dyspnea should be searched for actively.

 ● Interventions should be directed at providing optimal symptom relief, improved quality-of-life, and reduced 
 hospitalization that are key aims of MPE management.

 ● Talc pleurodesis has been the mainstay of treatment of recurrent MPEs but has several limitations including risk of 
pleurodesis failure, concerns about complications, and unsuitability in conditions such as trapped lung.

 ● Indwelling pleural catheter (IPC) is increasingly being used as �rst-line therapy for MPE, in addition to its use 
when pleurodesis fails or is contraindicated. IPC drainage provides equivalent symptom control in MPE and 
requires shorter hospitalization.
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INTRODUCTION

INCIDENCE

Malignant pleural e�usion (MPE) is a common clinical 
problem, a�ecting 150,000 patients in the United States 
each year.1 Postmortem examination of patients who died 
from cancers showed that MPE occurred in 15% of cases.2 
MPE accounts for ~22% of all pleural e�usions (and 42% 
of exudates) in epidemiologic studies.3 In developed 
countries, MPE is one of the top three causes of a pleu-
ral e�usion, along with heart failure and para-pneumonic 
e�usions.1

ETIOLOGY

MPE can arise from a primary pleural malignancy, 
e.g.,   mesothelioma, or following metastatic pleural spread 
of extrapleural malignancies. Virtually all malignancies can 
metastasize to the pleura (Figure 22.1). Lung cancer is the com-
monest origin of metastatic MPE with a reported incidence 
of 25%–52%.4,5 As many as 15% of lung cancer patients have 
an MPE on initial presentation and up to 50% will develop 
an MPE during the disease course.6 Breast cancer and lym-
phoma/leukemia are the next commonest causes, especially 
in females and in the young, respectively. Almost half the 
patients with disseminated breast cancer will develop MPE.7

Histologically, most metastatic cancers to the pleura are 
carcinomas (~75%), especially adenocarcinomas (~47%). 
Large-cell undi�erentiated carcinoma accounts for 14.3% of 
cases and lymphoma/leukemia 15.0%.8 No primary site is 
found in ~10% cases.8

�e overall global incidence of malignant pleural meso-
thelioma (MPM), the most common primary pleural  cancer, 
continues to rise particularly in the developing world. More 
than 90% of patients with mesothelioma will develop MPE, 
o�en at the time of presentation.9

PATHOPHYSIOLOGY

 MECHANISM OF PLEURAL METASTASIS

Postmortem studies have shown that patients with 
MPE have visceral, but not necessarily parietal, pleural 

involvement. Conversely, all cases with parietal pleura 
 involvement also had visceral pleural disease.2 It is 
believed that pleural metastases develop when tumors 
embolize to the peripheral lung and invade the visceral 
pleura. �e parietal pleura is secondarily a�ected. Other 
mechanisms for malignant pleural involvement include 
direct pleural invasion from adjacent tumors in the lung, 
breast, or chest wall, and hematogenous and lymphatic 
spread to the parietal pleura.

Why some, but not all, metastatic pleural tumors 
elicit an e�usion is unclear. It is currently believed that 
a combination of increased �uid extravasation from 
 hyper-permeable (pleural and/or tumor) vessels and 
impaired lymphatic out-�ow underlie the development of 
MPEs. Postmortem studies show that mediastinal lymph 
node invasion but not the extent of pleural involvement 
predicts the presence of an e�usion.10 It supports the belief 
that tumor invasion of the lymphatics reduces  lymphatic 
drainage of pleural �uid via stomata of the parietal pleura, 
contributing to MPE formation.

 ● All new cases of MPE due to non-small-cell lung cancer should be tested for EGFR mutations and ALK fusion to 
determine optimal treatment.

 ● Future research needs to target pleural malignancy and e�usion formation, and identify predictors of clinical out-
come for MPE patients to provide individualized therapy.

Figure 22.1 Positron emission tomography scan shows an 
FDG-avid renal cell carcinoma (long arrow) arising from the 
left kidney with patchy pleural metastases  (arrowheads) and 
left malignant pleural effusion (short arrow).

A
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PARA-MALIGNANT EFFUSIONS

Pleural e�usions can develop in cancer patients without 
direct tumor involvement of the pleura. �ey are o�en 
termed para-malignant e�usions. �ey can develop second-
ary to pulmonary embolism, chylothorax, post-obstructive 
pneumonitis, atelectasis, or trapped lung.

 PLEURAL LOCALIZATION AND 
PROPAGATION OF MALIGNANT DISEASE

For viable tumors to establish in the pleura, cancer cells 
need to reach and adhere to the mesothelium, escape local 
antitumor immune response, invade the  pleural  tissue, and 
obtain access to nutrients and growth  stimuli. Cancer cells 
have been shown to secrete siladase to remove  mesothelial 
cell glycocalyx and facilitate their anchorage to the pleural 
surface.11 Tumor–mesothelial cell  interaction and invasion 
of the pleura are poorly understood but are likely to involve 
adhesion molecules and proteolytic enzymes.12

When cancer cells adhere to mesothelial cells, expres-
sion of endostatin in the latter is blocked.13 Tumor-induced 
hyperpermeability of mesothelial monolayer is inhibited 
by VEGF blockage.14 Co-culture studies demonstrated 
that tumor cells can stimulate proliferation of mesothelial 
cells,15 or induce their apoptosis.16 In vivo mesothelial cells 
within MPE proliferate slower than in benign e�usions.17 
On the other hand, mesothelial cells can limit tumor-cell 
proliferation.15

Immune evasion facilitates tumor growth. In the 
pleural cavity, this is enhanced by cytokines possessing 
 immune-inhibitory properties and by CD4+ lymphocytes 
with immunosuppressive and pro-tumor properties.18,19 
MPE is characterized by the defective recruitment, acti-
vation, and cytotoxicity of CD8+ cells.20,21 Macrophages 
from malignant e�usions display reduced cytotoxic activity 
against autologous tumor cells22 but also inhibit tumor-cell 
apoptosis.23

When cancer cells are detached from pleural-based 
tumors, they are deprived of the nutritional supplies from 
tumor vasculature and of the support from cell–cell and 
cell–matrix interactions. However, �oating tumor cells not 
only survive but remain capable to form secondary foci in 
distant sites of the pleural cavity. �is suggests they can 
derive energy and growth factors from the malignant pleu-
ral �uid.

MOLECULAR MECHANISMS

Pleural �uid overproduction is key to MPE formation and 
is dictated by complex tumor–host interplay, which induces 
pleural in�ammation, tumor angiogenesis, and vascular 
hyperpermeability.24 Tumor cells execute  pro-in�ammatory 
and pro-angiogenic transcriptional programs, which are in 
part controlled by NF-κB25 and Stat3.26 Numerous mole-
cules play a role in MPE  development. For example, TNFα,27 
IL-6,26 and  osteopontin28 participate in positive feedback 

loops  regulating tumor NF-κB/Stat3 activation to promote 
MPE formation.

Tumor-derived mediators including VEGF,29 CCL2,30 
and TNFα27 directly stimulate in�ammatory cell in�ux 
and/or vascular changes. Tumor osteopontin protects 
against apoptosis and host osteopontin promotes  pleural 
in�ammation and angiogenesis; osteopontin from both 
sources provoke vascular leakage.28 Host IL-5 promotes 
MPE by facilitating pleural in�ux of eosinophils and 
 tumor-promoting myeloid suppressor cells.31 A variety of 
agents including inhibitors of VEGF, TNFα, and angio-
poietin, as well as zolendronic acid, a dual VEGF-R/sTie2 
antagonist, bortezomib, and endostatin can curtail MPE 
formation in animal models.24

CLINICAL PRESENTATION

Dyspnea, pain, and cough are the most common symptoms 
associated with MPE. Breathlessness is o�en multifactorial 
and does not always correlate with the size of the e�usion. �e 
mechanism of dyspnea is complex. Reduced lung volume from 
compression of the �uid can contribute but is not o�en the 
major cause of dyspnea. For one liter of e�usion removed, the 
total lung capacity and forced vital capacity increase only by 
~400 and ~300 mL, respectively.32,33 To accommodate the vol-
ume of pleural �uid, the thoracic cage has to enlarge causing 
the hemidiaphragm to �atten/evert, the chest wall to expand, 
and the mediastinum to shi� contralaterally (Figure 22.2a). 
�ese contribute to loss of mechanical advantage of the respi-
ratory system and result in increased e�ort of breathing, thus 
dyspnea. �oracentesis reduces the size of the thoracic cage 
and removes the weight of �uid from the hemidiaphragm 
(Figure 22.2b). �is restores the normal respiratory mechan-
ics and relieves breathlessness.33

Over half of the patients experience chest pain, which 
is  usually dull rather than pleuritic.34 Presence of chest 
pain  usually implies malignant in�ltration of the parietal 
pleura/chest wall, as the visceral pleura is devoid of pain �bers. 
Constitutional symptoms, e.g., anorexia, weight loss, or tumor 
fever, from the underlying cancer are common. In advanced 
cases, signi�cant contraction of the  hemithorax (Figure 22.3) 
and regional lymphadenopathy may be found. Symptoms 
related to the patient’s speci�c primary  malignancy, e.g., cough 
from bronchogenic carcinoma, are common, and can be dif-
�cult to separate from the e�ect of the MPE.

RADIOGRAPHIC APPEARANCE

CHEST RADIOGRAPH

Most patients, particularly if symptomatic, will have a 
moderate to large e�usion on chest radiograph. A mas-
sive pleural e�usion is found in ~10% of MPE patients 
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at  presentation; moreover, ~70% of massive e�usions are 
malignant.35 Parenchymal and mediastinal abnormalities 
may be di�cult to appreciate on chest radiographs until 
the �uid is removed. A �xed mediastinum, evidenced by 
absence of contralateral mediastinal shi�, is a useful sign in 
large e�usions (Figure 22.4).

THORACIC ULTRASOUND

�oracic ultrasound (discussed in Chapter 17) is  useful 
in detecting pleural e�usion and guiding its drainage. 
Ultrasonography can help localize pleural tumors and other 
abnormalities and guide transthoracic biopsy.

(a) (b)

Figure 22.2. (a) CT scan (coronal view) shows a large, symptomatic right malignant pleural effusion (long arrow) causing 
inversion of right diaphragm (short arrow) and expansion of right chest wall. (b) Following IPC drainage of the effusion 
 normal diaphragmatic position and chest wall size are restored, relieving breathlessness.

Figure 22.3 CT scan (coronal view) shows  significant 
 volume loss and severe contraction of the left 
 hemithorax in a patient with advanced malignant pleural 
mesothelioma.

Figure 22.4 Chest x-ray shows a large left  pleural 
 effusion and fixed mediastinum, evidenced by 
absence of  contralateral mediastinal and tracheal 
shift. This can be caused by proximal endobronchial 
 obstruction or  extensive tumor infiltration of the 
 mediastinum or pleura, as in this patient with malignant 
pleural mesothelioma.
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COMPUTED TOMOGRAPHY

CT scan of thorax is o�en performed in the workup of MPE 
patients, and it allows better visualization of any involve-
ment of the mediastinum, chest wall, lymph nodes, and/
or extrapulmonary metastasis. Findings of pleural plaques 
may raise the suspicion of mesothelioma. Pleural-phase 
contrast CT scan technique has advantages over stan-
dard CT scans: 10% of MPE show pleural enhancement.36 
Presence of pleural nodularity, irregularity, mediastinal 
pleural thickening, and pleural thickness >1 cm is highly 
suggestive of malignant pleural disease37 (see Chapter 17) 
(Figure 22.5a and b).

 POSITRON EMISSION TOMOGRAPHY

�e role of FDG-PET (�uorodeoxyglucose-positron emis-
sion tomography) is discussed in Chapter 18. FDG-PET can, 
in appropriate cases, guide imaging-guided  biopsies of the 
pleura or other metastatic sites when �rst-line  pleural �uid 
investigations are nondiagnostic (Figure 22.6a and b). Various 
measures of FDG-PET uptake have been shown to have prog-
nostic value in pleural malignancies, especially mesotheli-
oma, and are useful in monitoring  disease response.

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging (MRI) is superior to CT in dif-
ferentiation of malignant from benign pleural disease,38 and 
can also demonstrate chest wall, diaphragmatic, and medi-
astinal tumor in�ltration. Dynamic contrast-enhanced 
MRI (DCE-MRI) can assess tissue microcirculation, 
correlates with angiogenesis, di�erentiates benign from 

pathologic tissue, and has been shown to predict response to 
chemotherapy.39,40 Hybrid PET/MRI is another tool under 
evaluation in clinical research that, compared to PET/CT, 
may provide better so�-tissue contrast and require less ion-
izing radiation.41

 DIAGNOSIS OF MALIGNANT PLEURAL 
EFFUSIONS

THORACENTESIS

A diagnostic thoracentesis is the simplest de�nitive inves-
tigation, and it should be considered in any patient with a 
unilateral pleural e�usion, or a bilateral pleural e�usion 
without overt features of cardiac failure. In symptomatic 
patients with a large e�usion, a therapeutic thoracentesis 
can be performed.

Pleural �uid is usually exudative but a transudate does 
not rule out MPE as a concomitant transudative state may 
be seen in ~5% of MPE patients.42 Fi�y percent of MPEs 
are sero-hemorrhagic43,44 and 11% are bloody,45 but bloody 
pleural �uid by itself is not diagnostic of MPE as only 47% 
of all bloody e�usions are malignant.45 White cell di�eren-
tial count usually is predominantly lymphocytes and mono-
nuclear cells.43,44 Reduced pleural �uid glucose (<60  mg/
dL) and pH (<7.2) are o�en seen in MPEs, re�ecting higher 
pleural tumor burden and may indicate poorer prognosis.46 
�ese �ndings are not speci�c for MPE (see  Chapter 13).

Demonstration of malignant cells by cytological  analysis 
of the pleural �uid or histological examination of pleural tis-
sue remains the gold standard for diagnosing MPE. Pleural 

Figure 22.5 (a) CT scan of left malignant pleural mesothelioma shows the four cardinal signs of malignant pleural disease: 
Circumferential pleural thickening, pleural nodularity, mediastinal pleural thickening (arrow), and pleural thickness >1 cm. 
(b) CT scan of a 91-year old patient shows a similar appearance (as in Fig.22.5a) with typical abnormalities of malignant 
pleural disease but pleural biopsy this time confirmed EGFR mutation-positive lung adenocarcinoma.

(a) (b)
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�uid cytological examination has variable yield (range 62%–
90%),4 in part depending on the type of malignancy and 
expertise of the cytologist. Separating normal, reactive, and 
malignant mesothelial cells is notoriously di�cult; as is lym-
phocytes from lymphoma cells or small-cell carcinoma.47

If the initial �uid cytology was not diagnostic, a second 
�uid aspiration for cytology provides a diagnosis in another 
27% cases but further aspirations are unlikely to improve 
yield.48 �e optimal amount of �uid needed for cytological 
diagnosis is unknown. Studies showed that the diagnostic 
yield plateaued a�er 50–60 mL.49,50 Occasionally, a larger 
quantity of �uid is needed if the number of cancer cells in the 
�uid is low or extensive (e.g., molecular) tests are required.

IMMUNOHISTOCHEMISTRY

Adenocarcinoma and mesothelioma cells can be morpho-
logically similar; their separation o�en requires a panel of 
immunohistochemical markers (see Chapters 19 and 20), 
which may also shed light on the primary site of metastatic 
carcinomas.

CYTOGENETICS

Molecular techniques for cytogenetic analysis, may improve 
diagnostic accuracy in selected cases. Fluorescence in situ 
hybridization (FISH) analysis detects matching tumor-
associated chromosomal changes (i.e., aneuploidy) asso-
ciated with solid tumors and their metastases. A study of 
358  pleural e�usions in patients with malignancy showed 
that combining FISH with cytology signi�cantly improved 
the diagnosis of MPE, particularly in breast, ovarian, 

and  lung carcinomas.51 Whether the outcomes in patients 
with FISH-positive cytology-negative e�usions are di�erent 
from cytology-positive patients are unknown.

CLOSED PLEURAL BIOPSY

�e diagnostic yield of closed pleural biopsy (CPB) is 
 operator-dependent and is limited by the o�en-patchy 
parietal pleural involvement in malignant pleural diseases. 
CPB o�ers marginal additional diagnostic yield (7%) over 
 pleural �uid cytology,52 but is associated with a higher risk of 
complications, e.g., pneumothorax and hemothorax. Many 
institutions no longer perform CPB and proceed directly to 
thoracoscopy when initial thoracentesis is nondiagnostic. 
However, CPB when combined with pleural �uid cytology 
remains a useful test in tuberculosis endemic areas.

 IMAGE-GUIDED CLOSED PLEURAL BIOPSY

Image guidance is being increasingly used for targeted 
pleural biopsy to improve diagnostic yield and reduce com-
plication rates. Ultrasound-guided pleural biopsy has a diag-
nostic yield of up to 77%–84% for malignancy with a higher 
yield in the presence of pleural nodularity or thickening on 
ultrasound examination (see Chapter 17). �e diagnostic 
yield for malignancy of CT-guided pleural biopsy is as high 
as 88% if pleural thickening (>10 mm) is present.53

MEDICAL THORACOSCOPY

Medical thoracoscopy/pleuroscopy provides a higher 
 diagnostic yield than conventional CPB or cytology in 

(b)

Figure 22.6. (a) Following initial negative pleural fluid cytology and pleural biopsy, this patient with a right pleural 
 effusion underwent a positron emission tomography scan that showed patchy, focal FDG-avid pleural masses (arrows). 
(b) Subsequent, targeted CT-guided biopsy of the FDG-avid pleural lesions (arrow showing biopsy needle within pleural 
mass) yielded a diagnosis of metastatic carcinoma.

F

(a)
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the  evaluation of MPE54 and is recommended in most 
 guidelines if the initial pleural �uid cytology is inconclu-
sive (see  Chapter 46). It allows biopsy under direct visual 
guidance and removal of the MPE ± pleurodesis at the same 
setting. Video-assisted thoracoscopic surgery is another 
option (see Chapter 47). It must be noted that thoracoscopic 
biopsy has a false-negative rate in ~10% cases and clini-
cal  judgment will determine if further investigations are 
required in individual patients.

SURGICAL PLEURAL BIOPSY

In a small number of patients, thoracoscopy may not be 
 feasible or fail. Surgical biopsy by VATS or open thoracotomy 
can be considered if the risks are acceptable (see Chapter 47).

TUMOR MARKERS

Tumor markers in pleural �uid or serum are not routinely 
used in the evaluation of pleural e�usion. Levels of markers 
such as carcinoembryonic antigen (CEA), neuron-speci�c 
enolase, and cytokeratin 19  fragments (CYFRA21-1) are 
higher in malignant e�usions than in benign ones but no 
tumor marker has adequate sensitivity and speci�city for 
routine clinical diagnosis of MPE. Elevated blood levels of 
established  biomarkers of extra-thoracic malignancies (e.g., 
prostate-speci�c antigen or CA-125) may raise concerns of 
metastatic pleural diseases but histocytological proof that 
the e�usion is malignant is necessary for de�nitive diagnosis.

Exciting progress has been made in the search of bio-
markers for mesothelioma. Soluble mesothelin-related 
peptide (SMRP), o�en called mesothelin, has been FDA-
approved for the diagnosis and disease monitoring of 
mesothelioma. �e reported diagnostic yield varies widely: 
sensitivity (19%–68%) and speci�city (88%–100%).55 
Combining mesothelin with other tumor markers has no 
demonstrated bene�ts.56 In the workup of an undiagnosed 
e�usion, a raised serum or pleural �uid SMRP points 
strongly to MPE, most likely mesothelioma (and occasion-
ally metastatic carcinoma), justifying the need of further 
investigation even if the initial cytology/biopsy was nega-
tive. A negative mesothelin level, however, does not exclude 
mesothelioma, and is of little clinical relevance.

Other biomarkers have been proposed for mesothelioma, 
especially osteopontin, megakaryocyte potentiating factor, 
�bulin-3, and so on. None is superior to SMRP.

 MANAGEMENT OF MALIGNANT 
PLEURAL EFFUSIONS

GENERAL PRINCIPLES

�e presence of MPE, whether of primary or metastatic 
 origin, usually implies an advanced incurable disease with a 
poor prognosis. Patients with MPE have a median survival 

of 4–6 months. Among the common cancers, survival is the 
shortest for those with an MPE from lung cancer and lon-
gest (9–12 months) if due to MPM.57 Treatment is therefore 
directed at palliation of the symptoms associated with the 
malignant pleural disease.

Management should include measures to control the 
symptoms arising from the pleural disease (especially e�u-
sion) as well as the underlying malignancy. If the underly-
ing cancer is likely to respond to treatment, the associated 
e�usion can resolve/remain stable. Measures for short-term 
control of the MPE (e.g., one-time therapeutic thoracentesis) 
may be adequate to allow time to assess response to systemic 
therapy. Lung cancer with EGFR-mutations (see below), 
small-cell lung carcinoma and lymphoma, for example, may 
respond well to chemotherapy; measures to prevent �uid 
recurrence may not be necessary in all patients.

As the primary goal is to improve symptoms, asymp-
tomatic MPEs can be observed. �ere have been advocates 
for early pleural drainage to prevent development of pleural 
adhesions and/or trapped lung that will make subsequent 
pleurodesis di�cult. �is approach, however, will lead to sig-
ni�cant overtreatment as only some and not all (<50% in a 
series of mesothelioma patients58) MPEs are symptomatic and 
recurrent.

�e ideal therapy for MPE should o�er complete �uid 
control, improved symptoms, and quality of life (QoL) and 
should be minimally invasive and reduce hospital stay. 
Several treatment options are available; the choice should 
be individualized. Decision should take into consideration 
the size of the e�usion, rapidity of its re-accumulation, pres-
ence of trapped lung, expected survival (which will depend 
on type of the primary malignancy, patient’s performance 
status and co-morbidities), and the patient’s preference.

THERAPEUTIC THORACENTESIS

Relief of dyspnea is the major indication for pleural 
 drainage though breathlessness can be multifactorial and 
is not always due to the e�usion. An initial therapeutic 
 large-volume thoracentesis is useful to gauge the symp-
tomatic bene�ts from removal of the �uid, to identify 
any underlying trapped lung and estimate the rapidity of 
re-accumulation of the e�usion.

In patients with a short expected survival and/or poor 
performance status, repeat therapeutic thoracentesis may 
be preferable. Rapid, large-volume removal of pleural �uid 
might result in a signi�cant fall in pleural �uid pressure or 
lead to re-expansion pulmonary edema. Although the ideal 
volume of �uid that can be safely removed is unknown, it 
is generally recommended that <1.5 L should be aspirated 
in a single sitting. Fluid evacuation should be terminated if 
cough, chest pain, or tightness develops.

If there is no signi�cant improvement in dyspnea from 
�uid removal, further drainages are not indicated. Other 
causes for dyspnea—e.g., underlying lung parenchymal dis-
ease, endobronchial obstruction, pulmonary embolism, and 
lymphangitis carcinomatous—should be considered.
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PLEURODESIS

Pleurodesis, the iatrogenic induction of pleural symphysis, 
has remained the mainstay of treatment of recurrent malig-
nant pleural e�usions for several decades—a testament to 
the popularity of the procedure as much as to the lack of 
progress in the treatment of MPEs. Pleurodesis is usually 
only considered in patients with symptomatic e�usion who 
have a reasonable life expectancy.

Many methods of creating pleurodesis have been used 
(see Chapter 44 for details); no consensus exists on the ideal 
approach. Surgical pleurodesis (e.g., mechanical abrasion) 
and bedside intrapleural instillation of chemical agents have 
been tried. All the methods involve injuring the pleura, 
inducing intense in�ammation, and resultant �brosis. 
A clinically successful pleurodesis is achieved if the pleural 
symphysis is su�ciently extensive.

Talc is generally accepted as the most potent pleurode-
sis agent available.59 Randomized trials60,61 have shown no 
 di�erences in successful pleurodesis outcomes whether talc 
is delivered as thoracoscopic poudrage or as slurry via a 
chest tube.

Pleurodesis failure

�e largest randomized trial to date showed that talc 
pleurodesis provided adequate �uid control in 72% patients 
at 30 days. However, the longer the patient lives, the more 
likely the e�usion recurs (in ~50% by 6 months).60 Similarly, 
pleurodesis failed in one-third of patients with MPE second-
ary to MPM necessitating further pleural interventions.58 
�is potentially becomes a major problem in patients who 
survive for a longer period, more so in patients with MPM 
who o�en have a survival longer than 12 months for the 
longer a patient survives the greater the likelihood of recur-
rence of e�usion.

There are no good predictors of pleurodesis outcome 
to guide patient selection. Pleural f luid glucose (<60 mg/
dL), poor performance status (Karnofsky <70) and large 
MPEs are associated with higher probability of fail-
ure.46 Low pleural f luid pH has been shown to predict 
pleurodesis failure statistically but no particular pH has 
a predictive accuracy to impact clinical care.62 Elastance 
of the pleural space (defined as the decline in pleural 
f luid pressure after removal of 500 mL f luid) can predict 
the presence of trapped lung and subsequent pleurodesis 
failure.63

Fever and pain are common a�er pleurodesis. 
Complications associated with talc pleurodesis include 
acute pneumonitis, acute respiratory distress syndrome 
(ARDS), hypoxia, respiratory  failure, and death.60,64 Graded 
talc preparations with larger  particle size are safer than 
products with small particle size. In�ammation provoked 
by systemic absorption of small-sized talc particles65 can 
cause respiratory failure, ARDS (in up to 10% of patients), 
and death in 2% as shown by Dresler et al.60

 THERAPEUTIC OPTIONS AFTER FAILED 
PLEURODESIS

Although talc pleurodesis fails in 30%–50% of patients, 
little research exists on what is the best next step. Repeat 
pleurodesis can be performed, either with the same agent 
or others. �e precise success rate of a repeat pleurodesis is 
unknown but is likely to be even lower than the �rst attempt. 
Repeated aspiration is appropriate for patients with a short 
expected survival (Figure 22.7a through c). In terminally 
ill patients, narcotics and oxygen may be more appropri-
ate than further invasive drainages. �e use of indwelling 
 pleural catheter (IPC) is increasingly the preferred option 
(see below and Chapter 45). Surgical options, such as decor-
tication or pleurectomy, are aggressive and only used rarely 
in selected patients.

INDWELLING PLEURAL CATHETER

IPC is a 15.5–16 F silicone catheter with a fenestrated proxi-
mal end, which is placed within the pleural cavity, and a one-
way valve at the distal end. IPC allows  intermittent access for 
ambulatory pleural drainage. IPC is an  established option for 
patients who have failed pleurodesis or are  otherwise unsuit-
able for it, e.g., patients with a trapped lung.

Accumulating data support the use of IPC, in place of 
pleurodesis, as �rst-line therapy in MPE.66–69 IPC allows 
ambulatory MPE management, thus reduces hospitaliza-
tion and associated costs while providing symptom control 
in the majority (89%) of patients.69 Drainage is symptom-
guided, and o�ers a greater sense of control to the patients. 
A recent randomized trial showed that IPC provides equally 
good symptom relief (of dyspnea and chest pain) and 
 improvement in QoL when compared with talc pleurode-
sis.66 Few patients (<10%) with IPCs require further pleu-
ral interventions66,67,69 (Figure 22.8a and b). Spontaneous 
pleurodesis develops in up to 70% of patients with IPCs, 
who had full lung expansion, following which IPC can be 
removed.69,70

Complications a�er IPC are rare (~12%) and mostly 
minor, e.g., cellulitis, catheter blockage, and so on.70 
 IPC-related pleural infection, although a common con-
cern, is uncommon (<5%). Most patients can be success-
fully managed with appropriate antibiotics71 and mortality 
is rare (<0.3%).71 Catheter tract metastases develop in ~10% 
of patients (more commonly in mesothelioma patients) 
(Figure 22.9) and can be controlled with radiotherapy.

�e use of IPC together with talc poudrage72 or slurry 
pleurodesis may be complementary and is the subject of sev-
eral ongoing clinical studies.

SURGERY

Surgical options are discussed in Chapters 45 and 47 and 
they include abrasion and various types of partial or com-
plete pleurectomy. �ese procedures are invasive and have 
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higher morbidity. Perioperative mortality can be as high 
as 12.5% and prolonged air leak can occur (10%–20%). 
�ese procedures should only be applied to highly selected 
patients with acceptable operative/anesthesia risks who 
have no alternative options.73

PLEURO-PERITONEAL SHUNT

Pleuro-peritoneal shunt (PPS) is a device with two cathe-
ters placed within the pleural and peritoneal cavities and 

connected by a one-way valve pump chamber. �e pump, 
when compressed, draws �uid from the pleural space 
into peritoneal cavity. PPS can be used as an alternative 
to pleurodesis in patients with trapped lung or follow-
ing failed  pleurodesis.74 PPSs provide e�ective palliation 
in up to 95% of patients but the incidence of complica-
tions (especially occlusion) is high (~25%), o�en requir-
ing shunt revision, removal, and/or replacement.75 �e 
need for PPS has signi�cantly decreased with the advent 
of IPC.

(b)

(c)

Figure 22.7 (a) CT scan of patient with advanced 
 malignant pleural mesothelioma (short arrow  showing 
large pleural mass) and significant dyspnea shows a 
large left multi-loculated effusion (long arrow  showing 
 loculation) following failed talc pleurodesis. (b) Initial 
chest x-ray shows the large, loculated left pleural 
 effusion causing contra-lateral mediastinal shift. 
(c) Chest x-ray demonstrates significant clearance of 
 effusion, despite initial multiple loculations, after small-
bore intercostal catheter (arrow) drainage providing 
relief of dyspnea.

(a)
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 MANAGEMENT OF MPE: SPECIFIC 
CONSIDERATIONS

 MALIGNANT PLEURAL EFFUSION IN 
LUNG CANCER

MPE can develop in up to half of all lung cancer patients dur-
ing their disease course.6 Among the histological subtypes, 
adenocarcinomas are most frequently associated with MPEs.

�e signi�cance of pleural involvement in lung cancer 
has been recognized in recent years. Patients with non-
small-cell lung cancer (NSCLC) who develop an MPE have 
signi�cantly poorer prognosis compared to those with-
out one. �e prognosis in those with a MPE is  comparable to 
patients with extra-thoracic metastases.76 �e median sur-
vival of 771 patients with NSCLC and MPE was 10 months 
with a 5-year survival of 2%. �ese data led to the  re clas-
si�cation of MPEs as M1a or Stage IV in the new 7th edition 
of TNM.76 Patients with other distant metastases (M1b) have 
a median survival of only 3 months with MPE (vs. 5 months 
without).77

An unplanned subgroup analysis of a randomized trial 
suggested that thoracoscopic talc poudrage was more suc-
cessful than talc slurry in lung cancer MPEs60 but this 
has not been validated in other cohorts. Trapped lung 
(Figure 22.10a and b) is o�en seen in lung cancer and MPM 
patients. Pleurodesis is contraindicated but IPC provides a 
viable therapeutic option.

(a)

(b)

Figure 22.8 (a) Chest x-ray of a patient with  metastatic 
breast cancer and previous IPC (arrow) for left 
 malignant pleural effusion (MPE)  management now 
showing a new symptomatic right MPE. (b) Chest x-ray 
shows  resolution of right effusion after a  second IPC 
(arrow) was inserted on the right side. The  bilateral 
IPCs provided good symptom-control of dyspnea, 
and avoided further  pleural interventions and 
hospitalizations.

Figure 22.9 Catheter tract metastasis: CT scan shows 
IPC in situ and metastasis (arrowhead) tracking along 
the  catheter tract in a patient with malignant pleural 
mesothelioma.
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VISCERAL PLEURAL INVASION

Development of a MPE implies involvement of the parietal 
pleura. Recent data suggest that invasion of the visceral 
pleura (without parietal spread or MPE) by lung cancer is 
also an important prognosticator. Visceral pleural inva-
sion (VPI) is de�ned as invasion of tumor beyond the elas-
tic layer (PL1) and it includes those directly involving the 
visceral pleural surface (PL2).78 Involvement of the parietal 
pleura is staged as PL3.

VPI heralds poorer prognosis and is an independent risk 
factor for survival a�er resection of NSCLC.79 �e reported 
5-year survival is 50% with VPI, compared with 76% in the 
non-VPI group. VPI also correlates with a higher frequency 
of mediastinal lymph node involvement.79 A�er complete 
resection of node-negative stage 1 NSCLC, patients with 
PL2 have a signi�cantly higher rate of recurrence, formation 
of MPE, and worse overall survival compared with those 
of PL1.80 Another study, however, did not demonstrate any 
survival di�erence between PL1 and PL2 when the primary 
tumor is <3 cm in size.81 Further evaluation with large pro-
spective studies is needed.

PLEURAL LAVAGE CYTOLOGY

Accurate detection of pleural involvement has become a 
topic of active research. In patients undergoing potentially 
curative resection of lung cancer, pleural lavage has been 
performed to capture exfoliation of malignant cells from 
visceral pleural tumor invasion. Pleural lavage cytology 
(PLC) involves cyto-analysis of the saline �uid (usually 
~100 mL) used to irrigate the pleural cavity at the time of 
surgery, either before or immediately a�er lung resection. 
Despite extensive preoperative workup and absence of an 
e�usion, up to 9% of patients undergoing lung resection 
have malignant cells on PLC.82,83 Patients with higher-stage 
disease, mediastinal lymph node involvement, and adeno-
carcinomas are more likely to have positive PLC.83,84

Patients with positive PLC have signi�cantly poorer out-
comes (median survival 13 months vs. 49 months of those 
with negative PLC).82 Even in patients with Stage I lung 
 cancer before resection, a positive PLC was associated with 
a 5-year survival of only 43%.83

 MPE AND LUNG CANCER WITH 
MOLECULAR MUTATIONS

In general, MPEs from small-cell lung carcinoma85 is 
much more likely to respond, at least initially, to sys-
temic chemotherapy than MPEs from NSCLC. In the last 
decade, targeted therapy with tyrosine kinase inhibitors 
for lung cancers, usually adenocarcinomas, has become 
the standard of care for patients with Stage IV disease and 
sensitizing somatic mutations in EGFR and ALK gene rear-
rangement.86–90 Targeted therapy can signi�cantly improve 
the progression-free survival and QoL of these patients.88–90 

Recent international guidelines uniformly recommended 
molecular testing, preferably prior to initiation of ther-
apy, for EGFR mutations and ALK fusion in patients with 
Stage IV adenocarcinoma.91,92 Management of the MPEs 
 associated with tumors harboring these mutations deserves 
special considerations.

(a)

(b)

Figure 22.10 (a) Chest x-ray of a patient with malignant 
pleural mesothelioma shows a large left malignant pleural 
 effusion (MPE) with air-fluid level (arrow). (b) Underlying 
trapped lung (arrow) was revealed after effusion drainage 
following  intercostal catheter insertion for talc pleurode-
sis. Talc pleurodesis was not performed and instead, IPC 
was inserted with good MPE control.
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A review of 10 literature reports noted that EGFR muta-
tions occurred in 34% (median, range 24%–68%) of MPE 
from lung cancer.93 �e variability in incidences is likely due 
to methodology, population studied, and geographic/ethnic 
di�erences. EGFR somatic mutations are two to three times 
more common in East Asian populations than in European/
North American populations. �e suitability of the MPE 
for molecular testing depends on tumor-cell numbers. 
Samples with smaller number of tumor cells may result in 
 false-negative results.

MPE is very common in patients with EGFR mutations 
and ALK fusion.94–96 In a study from Taiwan, an EGFR 
mutation was found in 296 (66%) of 448 patients with Stage 
IV lung adenocarcinoma with MPE at initial diagnosis.95 
A report from the University of Colorado observed a signi�-
cant association of ALK fusion and pleural and pericardial 
metastases as compared to non-squamous-cell lung cancers 
that were negative for ALK, EGFR, and KRAS mutations 
(triple negative).96 Pleural metastases were present in 90 of 
209 (43%) non-small-cell lung cancers, in this series, and 
49  of the 90 MPE (54%) had either an EGFR mutation or 
ALK fusion.

Accordingly, based on the high rate of actionable driver 
mutations in MPE, and in accordance with the guidelines’ 
recommendation, all MPE from lung cancer should be tested 
for these mutations.91,92 Two recent literature reviews have 
concluded that cytological specimens from pleural e�usions 
or �ne needle aspiration are suitable for EGFR testing.97,98

Formalin-�xed and para�n-embedded (FFPE) cell block/
pellets from MPE with >25% malignant cells of the total 
nucleated cells are generally su�cient for molecular test-
ing.92,99 An expert consensus opinion stated that pathologists 
should determine the adequacy of the specimen for EGFR 
testing by assessing cancer cell content and DNA quality and 
quantity.92 Microdissection for tumor-cell enrichment can be 
performed as needed. Although limited published data exist, 
many laboratories have successfully performed ALK testing 
from para�n-embedded cellblocks made from cell pellets, 
provided there are enough malignant cells.

In patients with sensitizing mutations of EGFR or ALK 
fusion, treatment response with tyrosine-kinase inhibitors 
(TKIs) is similar whether the patients have MPE or not.88,89 
�ere is good evidence of sensitizing EGFR mutations being 
predictive of a favorable outcome to treatment with a TKI 
(ge�tinib or erlotinib) as compared to MPE without these 
mutations.95,100,101 Erlotinib has excellent penetration into 
the pleural space with drug levels similar to those in the 
plasma.102

Wu et al.95 reported better median survival in MPE 
patients with an EGFR mutation than those with wild-type 
EGFR (17.4 vs. 10.9 months, p = .005), (Figure 22.11a and b). 
�ere are no large series of patients with MPE and ALK 
gene fusion to gauge the response to crizotinib because this 
mutation is uncommon (~3%–5% of all adenocarcinomas) 
and crizotinib has not been available as long as the EGFR-
TKIs. �e general belief is that MPE with ALK fusion lung 
cancers will respond similarly to other disease sites.

 PLEURAL EFFUSION IN MALIGNANT 
PLEURAL MESOTHELIOMA

MPEs from mesothelioma present unique challenges. MPE 
is the initial presentation in >90% of mesothelioma patients; 
rarely patients do not have an e�usion despite extensive 
tumor burden. Dyspnea and chest pain are the key symp-
toms that require palliation. Di�erentiating malignant 
mesothelioma cells from benign reactive mesothelial cells is 
notoriously di�cult. Tissue biopsy is o�en needed.

�e course of the MPE is variable. In a review of 390 
mesothelioma patients, only 43% underwent pleurodesis,58 
which failed in one-third of patients necessitating further 
drainage procedures. �ere was no di�erence in success 
rates between bedside or surgical pleurodesis. No accurate 
predictors of pleurodesis outcome exist to guide care for 
mesothelioma patients.58

Pleurodesis is more likely to fail the longer the patient 
lives. �e median survival of 9–12 months in mesothelioma 
is signi�cantly longer than MPE of metastatic pleural can-
cers. Trapped lung is also common from tumor encasement 
of the lung. IPC provides an alternative.

 PLEURAL EFFUSION IN LYMPHO-
PROLIFERATIVE DISEASES

Pleural e�usion complicates 20%–30% of Hodgkin’s lym-
phoma (HL) and non-Hodgkin’s lymphoma (NHL) patients103 
but rarely leukemia and multiple myeloma. �e pathogenesis 
is associated with lymphatic obstruction by enlarged medias-
tinal lymph nodes in HL and direct tumor in�ltration of the 
pleura in NHL.104 Chylothorax is common with lymphoma.

Primary pleural lymphoma, although rare, comprises 
two main types: primary e�usion lymphoma (PEL) and 
pyothorax-associated lymphoma (PAL). Initially described 
in association with chronic tuberculous pyothorax or arti-
�cial pneumothorax for pulmonary tuberculosis, primary 
pleural lymphoma can develop even in the absence of these 
factors.105 Primary pleural lymphoma mimics MPM on 
imaging (Figure 22.12a and b) and needs tissue biopsy to 
establish the diagnosis, as the treatment and prognosis of 
the two diseases are di�erent.

Lymphoma should be in the di�erential diagnoses of all 
lymphocytic pleural e�usion. Cytological evaluation and 
demonstration of clonality by �ow cytometry is o�en diag-
nostic, but thoracoscopic biopsy may be required for de�ni-
tive diagnosis. Pleural e�usions secondary to lymphoma 
may respond to chemotherapy; if not, pleurodesis or IPC 
should be considered.

FUTURE DIRECTIONS

Most studies on MPE management have focused on end 
points  such as radiological recurrence of �uid60 rather than 
patient symptoms or QoL. As the goal of MPE is principally 
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symptom control, more emphasis must be placed on patient-
reported outcome measures (PROMs) such as symptom relief, 
QoL, and hospitalization. Patient-recorded scores of breath-
lessness, e.g., visual analog scale (VAS) and modi�ed BORG 
scores, and QoL  questionnaires, e.g., QLQ-30, are increasingly 
used in clinical trials of MPE.66,68,106 �e length of hospital-stay 

and need for repeated pleural interventions are other key 
PROMs that should be assessed. Validated PROM tools spe-
ci�cally tailored for MPE patients are desperately needed.

It is almost 80 years since talc poudrage was �rst reported. 
Rarely in modern-day medicine do we still advocate the 
same therapy as used almost a century ago. Translational 

(a) (b)

Figure 22.11 (a) Initial chest x-ray of an 83-year African American female with a sensitizing EGFR mutation (exon 21; L858R) 
treated with erlotinib shows a right malignant pleural effusion. (b) The IPC could be removed six weeks after starting 
 treatment, and the comparison radiograph was obtained seven months after initiation of erlotinib.

F

(a) (b)

F

Figure 22.12 (a) Positron emission tomography (PET) scan of an 89-year-old male shows extensive FDG-avid pleural nod-
ules and masses (arrows) suggestive of pleural malignancy, e.g., mesothelioma or secondary pleural metastasis. Closed 
pleural biopsy confirmed primary pleural lymphoma. (b) PET scan after 2 months of chemotherapy shows significant 
resolution of pleural deposits, highlighting the importance of histopathological diagnosis even in the presence of typical 
radiological appearance of malignancy.
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research is the key to understanding the mechanisms of 
MPE and essential to new therapeutic options to control 
and eventually cure MPE.

Current management of MPE targets �uid control, but 
eradication or at least control of the pleural malignancy 
should be the ultimate aim. Gene therapy (see Chapter 48), 
intrapleural chemotherapy and immune-modulatory 
approaches are being studied. Understanding the complex 
interplay of host, tumor, and local pleural factors that cause 
MPE is important.

Recognizing that MPE is a heterogeneous group of 
 diseases is important. New biomarkers/predictors are 
desperately needed to predict/subclassify patients by 
their prognosis and likelihood of MPE recurrence. Novel 
 imaging techniques may allow better understanding of 
the pathologic processes (see novel tracers for PET in 
Chapter 18).
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Effusions from infections: Parapneumonic 
pleural effusion and empyema
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KEY POINTS

 ● �e incidence of pleural infection is increasing in both adult and pediatric populations. Clinical awareness is 
paramount, and all patients with a pleural e�usion in association with sepsis or a pneumonic illness should have a 
diagnostic pleural �uid aspiration.

 ● Pleural �uid pH represents the key biochemical investigation and should be assessed in all nonpurulent, possibly 
infected e�usions; a pH of less than 7.2 indicates that formal drainage is required.

 ● A high index of clinical suspicion is necessary in patients with known risk factors for pleural infection 
(e.g., diabetes, alcohol abuse, immunocompromised).
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 CLINICAL IMPORTANCE OF INFECTION 
IN THE PLEURAL SPACE

Pleural infection remains an important disease with a 
signi�cant clinical impact on respiratory specialists, phy-
sicians working in internal medicine, and thoracic sur-
geons. Diagnosis is o�en challenging and a sophisticated 
multidisciplinary management strategy is required, using 
input as necessary from physicians, surgeons, radiologists, 
and microbiologists. Furthermore, the incidence of pleu-
ral infection is on the increase in both adult and pediatric 
populations without clear cause.1–4 Postulated reasons for 
this rise have included improvements in clinical awareness 
and diagnostics, a replacement phenomenon with widen-
ing use of pneumococcal vaccination,3,5–7 or the conse-
quence of an aging population living with chronic disease. 
�is increasing caseload comes alongside the persistently 
high morbidity and mortality associated with pleural infec-
tion despite continued advances in medical diagnostics and 
therapeutics over the past three decades. Published stud-
ies indicate an overall mortality in the region of 20% from 
pleural infection,8–13 rising to over 30% in vulnerable popu-
lations such as the elderly1,10,11,13 and the immunocompro-
mised.14 �is mortality appears to be “disease-associated” 
in that it occurs over the 6 months a�er initial presenta-
tion9,10 and by implication should be amenable to reduc-
tion with improved clinical care.9,12,13 Patients who survive 
6 months a�er their episode of pleural infection have a 
survival similar to normal subjects over the next 4 years 
(Figure 23.1). In addition to this considerable mortality, up 
to 20% of patients will fail medical treatment with chest 
tube drainage and antibiotics alone and require surgical 

drainage of their infected pleural collection.10,11 Despite 
this, there continues to be great variation in the manage-
ment of patients with pleural infection, with an evidence-
based and universally accepted optimal standard of care 
still to be established despite extensive publication in this 
�eld of practice.15,16–32

Simple parapneumonic e�usions will arise in up to 57% 
of cases of pneumonia,33 and approximately 80,000 new 
cases of pleural infection will be diagnosed in adults in the 
United States and United Kingdom each year1,10,11,33,34 at an 
estimated cost of over $500 million for hospital services 
per year. Of these 80,000 cases of pleural infection, about 
30,000 will either require surgery or die within 6 months 
of their diagnosis. �is chapter describes the current 

 ● �e bacteriology of pleural infection is substantially di�erent to that of pneumonia and di�erent antibiotic 
regimens are required as a consequence.

 ● �e bacteriology of hospital-acquired pleural infection is substantially di�erent from community-acquired 
pleural infection, and consequently these conditions require radically di�erent empirical antibiotic regimens from 
presentation.

 ● Adequate nutrition is an important determinant of outcome in pleural infection and needs to be addressed at the 
time of diagnosis and throughout the treatment course.

 ● �ere remain no de�nitive or proven predictors of clinical outcome in patients with pleural infection. As such, all 
cases require a high level of clinical urgency with rapid diagnosis and prompt treatment.

 ● �ere is no evidence in adult pleural infection to support the routine use of intrapleural �brinolytics to alter 
clinically meaningful outcomes; further studies are needed to evaluate the role of combination therapy with tissue 
plasminogen activator and deoxyribonuclease.

 ● Surgical referral should be considered in patients who fail to respond to standard medical management a�er 5 days 
or are physiologically deteriorating prior to this time point; there is no evidence to support the front-line use of 
surgical intervention for pleural infection at present and further studies are required to assess when and in whom 
surgery should be used to maximize clinical gain.

 ● In physiologically frail patients with persistent pleural sepsis where general anesthesia is not possible, further 
cross-sectional imaging should be arranged and other medical or surgical options including intervention under 
analgosedation, use of �brinolytics, or repositioning of chest tubes to try and improve drainage, and clearance of 
infected pleural material should be given careful consideration.
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Figure 23.1 Kaplan–Meier plot showing patient survival 
from the time of presentation with pleural infection.15 
(From Davies RJ, Gleeson FV, Curr Opin Infect Dis, 11, 
163–168, 1998. With permission.)
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knowledge that exists in relation to this disorder and high-
lights optimal methods for diagnosis and treatment where 
possible.

HISTORICAL PERSPECTIVE

�e �rst recorded description of empyema is attributed to 
the Egyptian physician Imhotep in around 3000 bc35 in 
which he described “An abscess with prominent head from 
the breast,” perhaps suggestive of empyema complicated by 
chest wall invasion (empyema necessitans). However, the 
�rst reliable description of pleural empyema and its treat-
ment is attributed to Hippocrates in about 500 BC, who 
treated cases of pleural infection with open thoracic drain-
age.36 �is remained the primary treatment for this disor-
der until the World War I, although Hewitt and Bulau37,38 
had described methods for closed pleural drainage using 
a chest tube and an underwater seal decades earlier. 
Napoleon’s surgeon, Guillaume Dupuytren (1777–1835), 
a�er whom digital contractures associated with liver dis-
ease are named, succumbed to empyema a�er announcing 
that he would “rather die at the hands of God than of the 
surgeons.” �is attitude contrasts with that of Sir William 
Osler (1849–1919), the eminent John Hopkins and Oxford 
physician who having famously remarked that “empyema 
needs a surgeon and three inches of cold steel, instead of 
a fool of a physician,” went on to die of surgical complica-
tions, and wrote a graphic account of his own ultimately 
terminal illness.39

At the same time as Osler’s death, the in�uenza pan-
demic of 1919 immediately following the World War I led 
to clusters of empyema cases among the �t young military 
recruits living in army camps. �e treatment of choice 
was still open surgical drainage resulting in a mortality 
as high as 70% in some outbreaks, probably attributable to 
respiratory failure induced by the large open pneumotho-
rax produced by the thoracotomy.40,41 Since Streptococcus 
haemolyticus infection was responsible for many of these 
cases, it is interesting to consider that the streptokinase 
produced by this organism may have prevented �brin-
ous adhesions forming in the pleural cavity, exacerbating 
the problem by facilitating complete lung collapse.42,43 �e 
U.S. Army Empyema Commission was formed to address 
this problem, proving to be a landmark event in the care 
of this disorder.42 �e Commission noted that dogs with 
empyema died more o�en if treated with early open drain-
age rather than delayed intervention, and it advocated the 
closed tube drainage techniques described by Hewitt and 
Bulau.37,38 �eir summary recommendations were (1) ade-
quate pus drainage with a closed chest tube, (2) avoidance 
of early open drainage, (3) obliteration of the pleural space, 
and (4) proper nutritional support. �e implementation of 
these changes reduced mortality to 4.3%43 and they remain 
the core aims of physical and supportive therapy in pleural 
infection to this day.

�e next major advance in the treatment of pleu-
ral  infection was the discovery of penicillin that further 
decreased mortality from bacterial infection including 
empyema in the 1940s; this landmark was also associated 
with a change in the microbiology of the disease to pro-
duce the modern bacterial spectrum described later in this 
chapter. �e 1940s also saw the �rst experiments in the use 
of intrapleural �brinolytic agents by Tillett and Sherry44 
although this failed to become standard practice because of 
frequent antigenic side e�ects from an impure product.

Surgical techniques improved beyond open drainage 
in the late nineteenth century, when thoracoplasty was 
�rst described by Schede (1890)45 and Estlander (1897).46 
Although this successfully eliminated the empyema cav-
ity, it still required major surgery and was permanently 
physically dis�guring. Open thoracotomy and decortica-
tion of the pleura was �rst described by Fowler and Beck 
at the end of the nineteenth century,47,48 whereas in the last 
three decades video-assisted thoracoscopic surgery (VATS) 
has become increasingly widespread, allowing pleural 
debridement without formal open thoracotomy in suitable 
patients.49

 EPIDEMIOLOGY OF 
PLEURAL INFECTION

Pleural infection a�ects patients of all ages but is more com-
mon in the elderly1,9 and in childhood.50 Men are a�ected 
twice as o�en as women.1,10,11,51,52 Its incidence is higher in 
those with a history of alcohol and substance abuse, diabe-
tes mellitus, rheumatoid arthritis, and coincidental chronic 
lung disease.9,13,18,51,53 Diabetes is present in 10%–23% of 
patients with pleural infection, �ve times the background 
prevalence of this disease,8,10,19,51 and excess alcohol intake 
is present in 6%–10% of patients.8,10,51,54 Poor dentition and 
risk factors for aspiration (e.g., seizures, gastroesophageal 
re�ux, mental retardation, alcohol use, and sedative drug 
use) are believed to be associated with an increased preva-
lence of anaerobic infection.8

�e markedly di�erent bacteriological patterns observed 
in pneumonia and empyema (described later in this chap-
ter) suggest they are microbiologically distinct diseases. Up 
to one-third of cases of pleural infection arise without any 
obviously identi�able risk factors,8 including a con�rmed or 
suspected preexisting parenchymal lung infection, whereas 
other causes may include surgery, trauma, and iatrogenic 
insults1,2,10,11,13,51,55–57 such as thoracocentesis for pneumo-
thorax or pleural e�usion (Table 23.1). Where the pleural 
infection is acquired in hospital the prognosis is worse, and 
recent evidence suggests that the microbiological pattern of 
infection in�uences mortality independent of this.11,12,13,58 
�e duration of recovery is also prolonged in these patients 
with the median hospital stay being 58 days for hospital-
acquired empyema in one representative series,59 com-
pared with 12–13 days for the entire group in prospective 
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randomized trials in pleural infection.10,11 Hospital-
acquired infections also exhibit a microbiology that is strik-
ingly di�erent from that of community-acquired empyema 
(Figure 23.2).51,58,60 �e clinical picture of hospital-acquired 
empyema is su�ciently di�erent from that of community-
acquired disease that it should probably be considered a 
di�erent entity from both epidemiological and therapeutic 
standpoints.

 PATHOPHYSIOLOGY OF 
PLEURAL INFECTION

�is can be divided into three stages as outlined below.

 DEVELOPMENT OF THE INITIAL PLEURAL 
EFFUSION: “THE EXUDATIVE PHASE”

Animal work suggests that a pleural e�usion may be a nec-
essary substrate for sustained pleural infection. In animal 
models of empyema, direct inoculation of bacteria into 
the pleural cavity in the absence of pleural e�usion results 
either in overwhelming sepsis or spontaneous recovery—
and not sustained bacterial growth as characterizes clinical 
empyema.61,62 However, experiments in rabbits suggest that 

empyema (in rabbits) may be induced by direct inoculation 
of bacteria without an initial pleural e�usion if the bacte-
ria are in a thicker broth.63,64 �e development of the ini-
tial e�usion is due to increased permeability of the pleural 
membranes in response to in�ammation in the underlying 
lung parenchyma, which is thought to result in transfer of 
interstitial �uid across the visceral pleura. Indirect clinical 
evidence suggests that pleural in�ammation alone is insuf-
�cient to result in signi�cant pleural �uid, as many patients 
complain of pleuritic chest pain during a pneumonic illness 
yet only a minority develops radiologically detectable pleu-
ral �uid.

Given the correct circumstances, �uid moves into 
the pleural space due to locally increased capillary vas-
cular permeability and the activation of immune pro-
cesses such as neutrophil migration. Proin�ammatory 
cytokines including interleukin (IL)-6, IL-8, and tumor 
necrosis factor alpha (TNF-α) produce changes in the 
anatomical shape of pleural mesothelial cells creating 
intercellular “gaps,” which further enhance permeabil-
ity and allows the accumulation of additional �uid.65–67 
�e accumulating pleural �uid has a normal glucose level 
(>40 mg/dL) and pH (>7.20), with no detectable bacteria, 
and hence no microbiological or biochemical evidence 
of bacterial  invasion. �e e�usion will usually resolve 
spontaneously with antibiotic therapy for the underlying 
pneumonia.
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Proteus 3%
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Figure 23.2 Bacteriology in positive isolates from the 
MIST1 cohort. (From Stone, WJ, Am J. Med. Sci., 158, 
1–29, 1919; Givan DC, Eigen H, Clin Chest Med, 19, 
363–371, 1998. With permission.)

Table 23.1 Frequency and cause of 701 patients with 
pleural infection20,42,46–48

Causes of pleural space infection Frequency (%)

Parapneumonic effusion 70
 Postbacterial pneumonia
 Hospital-acquired pneumonia
Primary empyema 4
Postoperative 12
Traumatic 3
 Blunt trauma
 Penetrating trauma
Iatrogenic 4
 e.g., Post chest tube insertion
Abdominal infection 2
 e.g., Subphrenic abscess
Miscellaneous 5
 Esophageal perforation
 Bacteremia

Rupture of lung abscess into pleural 
space

 Intravenous drug abuse 
(contaminated needles)

Sources: From Colice GL et al. Chest, 118, 1158–1171, 2000; 
Empyema Commission, J Am Med Assoc, 71, 366–373, 1918; 
Estlander JA, Rev Mens, 8, 885, 1897; Fowler GR, Med Rec, 44, 938, 
1893; Beck C, J Am Med Assoc, 28, 58,1897. With permission.
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 EVOLUTION OF INFECTION: “THE 
FIBROPURULENT PHASE”

If in�ammation persists within the lung parenchyma, 
 secondary bacterial invasion of the pleural space can 
occur with profound pathological e�ects on the normal 
pleural physiology. �e high levels of �brinolytic activity, 
which characterize the normal pleural space, are rapidly 
depressed68 and titers of speci�c inhibitors of �brinolytic 
activity such as tissue plasminogen activator inhibitor (PAI) 
1 and 2 rise.68 Levels of PAI 1 and 2 and mediators such as 
TNF-α are directly released from mesothelial cells68 and are 
increased in infected pleural �uid compared with �uid from 
malignancy and other causes.68,69 �is leads to �brin depo-
sition over the visceral and parietal pleura with division of 
the pleural space by �brinous septae, producing �uid locula-
tion and pleural adhesions. Although e�usions of any cause 
may become loculated, depression of the �brinolytic system 
(elevated PAI level, depressed tissue plasminogen activator 
[tPA]) has only been observed in pleural infection and not in 
e�usions secondary to malignancy or transudates.68,69 �is 
division of the pleural cavity provides the skeleton for the 
later invasion of �brous tissue and the “natural” process of 
scarring and healing. However, it also creates multiple sepa-
rate pockets of infected pleural �uid, impairing the drain-
age of pus and is hence a major factor in reducing chest tube 
e�cacy. Bacterial metabolism and neutrophil phagocytic 
activity induced by bacterial cell wall–derived fragments 
and proteases lead to increased lactic acid production70 and 
thus a fall in pleural �uid pH and glucose—the biochemi-
cal hallmarks of early transition to the infected state.71 As 
the numbers of neutrophils in the pleural space rise, lactate 
dehydrogenase is released producing the high levels typi-
cally seen in infected pleural �uids34,72 and ultimately the 
pleural �uid becomes frankly purulent, secondary to bacte-
rial and in�ammatory cell death and lysis.

 NATURAL HEALING: “THE ORGANIZING 
STAGE”

Finally, there is the proliferation of �broblasts and the 
evolution of pleural scarring, with animal model data 
suggesting this process is driven by mediators such as 
platelet-derived growth factor73 and transforming growth 
factor beta  (TGF-β).63,65,68,74 �is forms an inelastic peel on 
both pleural surfaces with dense �brous septations across 
the pleural cavity. As this solid �brous peel replaces the so� 
�brin, lung reexpansion is prevented, impairing lung func-
tion. Interesting evidence points to a potential therapeutic 
target in the mediators thought to drive this process with 
the administration of anti-TGF-β antibodies during pleu-
ral infection resulting in signi�cantly less pleural thick-
ening in a well-established animal model of empyema.64 
�e establishment of the phase of scar tissue formation is 
another important clinical landmark. It marks the point 
where drainage of an infected pleural collection with a 
chest tube, even if supplemented by �brinolytics that may 

lyse �brin but not collagenous �brous tissue, is likely to fail. 
Interestingly there is marked inter-individual variation and 
sometimes a prolonged delay in the rapidity with which this 
happens. Approximately 50% of patients do not have collag-
enous �brous pleural scarring even 3 weeks a�er the onset 
of pleural infection,75 implying that tube drainage and tho-
racoscopic surgery may still be e�ective in patients with a 
long history of illness at presentation. �e subsequent clini-
cal course a�er the organizing stage is entered is also vari-
able, with some patients undergoing spontaneous resolution 
of pleural thickening at 12 weeks76 while others develop 
chronic sepsis and lung function de�cits.74

In summary, pleural infection is a progressive process in 
which a self-resolving parapneumonic pleural e�usion can 
progress to a complicated, multiseptated, and ultimately 
�brotic collection that is only amenable to surgery. �is evo-
lution does not occur in a linear fashion but is summarized 
in Table 23.2 using the classi�cation of Light.77

CORRELATION OF 
CLINICOPATHOLOGICAL STAGES IN 
PLEURAL INFECTION

Several terms are used to describe the stages of evolution 
of pleural infection when applied to the clinical situation. 
Although these terms are closely related to the pathological 
stages de�ned above, they are primarily used as a tool to pre-
dict clinical course and guide clinical decision making and 
are hence di�erent. Knowledge of the hierarchy of clinical 
terms is important to avoid unnecessary investigations and 
prevent diagnoses from being missed. Each stage is associated 
with a change in pleural �uid characteristics, which re�ect 
the pathological progression described above (Table 23.3).

 SIMPLE PARAPNEUMONIC EFFUSION

Simple parapneumonic e�usion correlates to the exudative 
phase. �e e�usion is free �owing without evidence of bac-
terial infection in the pleural space, the term “simple” being 
used to describe the clinical course of e�usion without any 
evidence of bacterial or white cell activity. Previous series34 
suggest that these e�usions are most likely to resolve with-
out recourse to chest drainage or surgery.

 COMPLICATED PARAPNEUMONIC 
EFFUSION

Complicated parapneumonic e�usion correlates with the 
early �brinopurulent stage. �ere is biochemical evidence 
of early bacterial invasion, and �brinous septations begin 
to form. “Complicated” refers to the likely requirement for 
intercostal drainage or surgical intervention to resolve the 
pleural e�usion. Biochemical parameters are used both to 
de�ne this stage and as an indication that intercostal drain 
insertion should be instituted (see below).
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EMPYEMA

Empyema correlates to the late �brinopurulent stage and is 
de�ned as frank pus in the pleural space (i.e., macroscopic 
evidence of bacterial and in�ammatory cell death) regard-
less of biochemical and microbiological parameters. Frank 
pus in the pleural space should be treated with immediate 
drainage.

 MICROBIOLOGY-POSITIVE PLEURAL 
FLUID: “PLEURAL INFECTION”

�e presence of any organism in pleural �uid (other than 
likely contaminants from nonsterile sampling) is diagnostic 
of pleural infection. Regardless of biochemical parameters 

or macroscopic appearance, this condition should be treated 
with intercostal drainage (Figure 23.3).

�e term “parapneumonic e�usion” assumes that under-
lying lung parenchymal bacterial infection is a necessary 
prerequisite to empyema formation. Although many cases 
evolve in this manner, in the absence of other direct risk 
factors (e.g., esophageal perforation, thoracic trauma) the 
di�erent microbiological pattern seen in pleural infection 
is strongly suggestive of a di�erent etiology in at least a sub-
stantial minority of cases. Preliminary data suggest that 
underlying lung consolidation is not seen in 30% of pleural 
infection on thoracic computed tomography (CT) scanning, 
and this may be associated with speci�c bacterial subtypes.78 
It is therefore probably more accurate to use the term “pleu-
ral infection” either requiring drainage or not, rather than 
the terms simple and complicated parapneumonic e�usion.

Table 23.2 Light’s classification of parapneumonic effusions and empyema

Parapneumonic effusion

Class 1—Nonsignificant Small <10 mm thick on decubitus
No thoracentesis needed

Class 2—Typical parapneumonic >10-mm thick
Glucose >40 mg/dL, pH >7.2, Gram’s stain and culture negative

Class 3—Borderline complicated pH = 7.0–7.2 or LDH >1000
Gram’s stain negative and culture negative

Class 4—Simple complicated pH <7.0
Gram’s stain or culture positive
Not loculated or frank pus

Class 5—Complex complicated pH <7.0
Gram’s stain or culture positive
Multiple loculation

Class 6—Simple empyema Frank pus
Single locule or free flowing

Class 7—Complex empyema Frank pus, multiple loculations
Often requires decortication

Abbreviation: LDH, lactate dehydrogenase.
Source: From Idell S et al., Am Rev Respir Dis, 144, 187–194, 1991. With permission.

Table 23.3 Pleural fluid characteristics according to stage of pleural infection

Simple parapneumonic effusion Complicated parapneumonic effusion Empyema

Appearance May be turbid May be cloudy Pus
Biochemical markers pH >7.30 pH <7.20 n/a

LDH may be elevated LDH >1000 IU/L
Glucose >60 mg/dL Glucose <35 mg/dL
or
glucose pleural/serum ratio >0.5

Nucleated cell count Neutrophils usually <10,000/μL Neutrophils abundant 
(usually >10,000/μL)

n/a

Gram’s stain Negative May be positive May be positive
Culture Negative May be positive May be positive

Abbreviation: LDH, lactate dehydrogenase.
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 BACTERIOLOGY OF 
PLEURAL INFECTION

�ere is substantial variation in the reported microbiology 
of pleural infection according to clinical context and series. 
Despite this variation, there emerges a consistent microbio-
logical pattern, which is distinct from the microbiology of 
pneumonia. Furthermore, there exists a growing recogni-
tion of di�ering patterns within the bacteriology of pleural 
infection itself dependent on factors including global (geo-
graphical) location, local source of infection (community or 
nosocomial), and host status (adult or pediatric, immuno-
competent or immunocompromised).60 Understanding the 
bacteriology of pleural infection is crucial to the physician 
since it exerts a major in�uence on clinical decision making, 
with inadequate initial empiric choice of antibiotic therapy 

being an independent predictor of mortality.12,13,58 It may 
also serve to explain in part why the prognosis of pleural 
infection varies so greatly between di�erent patient groups, 
in particular children and adults where mortality �gures 
are less than 1% (pediatric) and more than 20% (adults), 
respectively.1,4,10,11,13

Detailed microbiological data reported58 from the largest 
randomized trial in pleural infection (the MIST1 study10) 
represents the largest single cohort of well-de�ned micro-
biology in this condition [58]. In this study a microbio-
logical diagnosis was achieved using standard methods in 
58% of cases (mirroring previous data), with a further 16% 
achieving diagnosis using nucleic acid ampli�cation tech-
niques (bacterial DNA polymerase chain reaction).58 �e 
use of DNA ampli�cation, therefore, reduced the number of 
cases remaining microbiologically undiagnosed from 42% 
with standard techniques to 26%. Although blood cultures 

Pleural pH

7.20 = 
Complicated

parapneumonic
e�usion

7.20 =  
Simple

parapneumonic
e�usion

Clinical context consistent with pleural infection

Radiologically con�rmed pleural e�usion
(initially chest radiograph, but consider USS or CT if doubt)

Positive microbiology =  
con�rmed pleural infection

Nonpurulent and
negative microbiology

Frank pus =
empyema

Sample pleural �uid for:
• pH
• Protein/glucose/LDH
• Microbiology (Gram and culture)

Intercostal drainage No drain required

Surgical referral if not responding to treatment
Reassess if

not responding

Figure 23.3 Algorithm for the diagnosis of pleural infection. CT, computed tomography; LDH, lactate dehydrogenase; 
USS, ultrasound scan.
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were positive in only 12% of cases, they were o�en the only 
positive microbiology available in these patients. �e major-
ity of culture positive cases (35% of entire group; 62% of 
microbiology-positive samples) were due to a single aerobic 
organism, 9% due to a single anaerobic organism, and 13% 
due to polymicrobial infection. A distinct microbiological 
pattern was seen in community- and nosocomial-acquired 
disease,58 a �nding since replicated in other published 
work.1,2,11–13,79

Improving bacteriological yield remains a priority in 
both improving our understanding of pleural infection 
and treatment, particularly as 40% of infected collections 
remain undiagnosed and culture negative for the duration 
of treatment.9–11,58 �e nucleic acid ampli�cation technol-
ogy described above58 remains work in progress despite 
subsequent studies further demonstrating its potential in 
improving microbiological diagnosis, particularly in pedi-
atric cases and with gram-positive organisms.80,81 �is 
relates to ongoing concerns regarding possible oversensi-
tivity, distinguishing incidental commensal �ndings from 
genuinely pathogenic organisms, limited availability and 
expertise outside specialist units, and translating laboratory 
�ndings into clinical decision making. A method of improv-
ing microbiological yield in pleural infection that is however 
within reach of all clinicians is use of the widely available 
BACTEC (Becton, Dickinson and Company, Franklin 
Lakes, NJ) blood culture bottle system. Recently published 
work82 has shown that using this alongside standard plain 
pleural �uid culture increased the absolute number of 
patients with a microbiological diagnosis by 21% (a relative 
increase of around 50%).

Combining all previously published data over a 10-year 
period (1997–2006)19,58,83–129 (Table 23.4) in both adult and 
pediatric cases of pleural infection shows a microbiologi-
cal diagnosis could be reached in 1253 of 2501 cases (50.1%) 
with aerobic organisms being the most frequently identi�ed 
from infected pleural �uid. �ese are most commonly gram- 
positive organisms from streptococcal species (Streptococcus 
intermedius in adults and Streptococcus pneumoniae in 
adults and children) followed by Staphylococcus aureus. In 
the modern era, around 25% of culture-positive cases of 
pleural infection in adults are caused by Streptococcus pneu-
moniae, whereas it accounted for over 60% of cases prior to 
the advent of antibiotics.58,130 �is predominance remains 
unchanged in pediatric cases, however with Streptococcus 
pneumoniae remaining the most prevalent causative organ-
ism3,4,81,121,131,132—re�ecting both a largely community-
acquired etiology and perhaps o�ering an explanation for 
the signi�cantly better prognosis from pleural infection in 
children. However, many currently culture-negative cases 
in adults may simply represent cases of pneumococcal pleu-
ral infection where antibiotics have been administered prior 
to sampling of pleural �uid.

Gram-negative aerobic organisms are also common 
causes of pleural infection, the most frequent of these includ-
ing Haemophilus influenzae, Escherichia coli, Pseudomonas 
spp., and Klebsiella pneumoniae (Table 23.4).

Anaerobic pleural infection is more likely to have an 
 insidious clinical onset, with less fever and greater weight 
loss. �e delayed diagnosis of anaerobic  empyema is 
 therefore  frequent, and a high clinical  index of  suspicion 
should be  maintained if life-threatening and entirely 
 treatable  disease is not to be overlooked. Anaerobic infection 
is commonly associated with poor dental hygiene and aspi-
ration  pneumonia and o�en has a mixed bacterial �ora. �e 
frequency of anaerobic organisms isolated from published 
series of pleural infection ranges from 14% to 32% of positive 
 cultures19,58,83–91,93–95,97–99,102,104,105,107–109,114,116,117–120,125,127–129,133 
with an overall combined rate of 14% (Table 23.4). �e 
anaerobic pathogens most commonly identi�ed are 
Peptostreptococcus, Fusobacterium, Bacteroides, and 
Prevotella species. In these circumstances, the positive 
diagnostic rate from pleural �uid culture can be signi�-
cantly increased if aerobic and  anaerobic (BACTEC) blood 
culture bottles are inoculated with the fresh pleural �uid 
sample and sent to complement the standard “sterile vial” 
plain sample.82,134,135

Microbiology from the MIST1 trial cohort58 showed very 
substantial di�erences between community-acquired and 
hospital-acquired pleural infection; although this probably 
represents the best evidence base available on which to base 
empirical antibiotic choices, individual clinicians should 
take into consideration the microbiome of pleural infection 
in their local population. Within the MIST1 trial cohort,58 
community-acquired disease (whether arising following an 
evident community-acquired pneumonia or as a “spontane-
ous/primary” pleural infection without obvious underlying 
parenchymal lung infection) was caused by streptococcal 
disease in over 50% of microbiology-positive cases (largely 
Streptococcus pneumoniae and Streptococcus intermedius).58 
Staphylococci, anaerobes, and gram-negative organisms 
accounted for the majority of the remainder of cases. �is 
translates to around 50% of microbiologically positive cases 
being associated with penicillin-resistant organisms58 and 
30% with anaerobic infection (o�en as coinfection with aer-
obes), which has clear implications for empirical antibiotic 
choices (see “Antibiotic �erapy”).

In contrast, hospital-acquired pleural infection, which 
occurs a�er hospital-acquired pneumonia, surgery, or 
iatrogenic causes (e.g., thoracocentesis) was dominated  
by Staphylococcus species, gram-negative organisms (e.g., 
Enterobacteriaceae, coliforms), Enterococcus species, and  
a high proportion of methicillin-resistant Staphylococcus 
aureus (MRSA = 28%) (Figure 23.2).58 �is observation �ts 
with previous surgical series, where 14% of culture- positive 
cases of pleural infection were attributable to MRSA.55 
Streptococcal disease was almost absent as a cause of 
hospital- acquired pleural infection, resulting in a bacteriol-
ogy resistant to standard antibiotic therapies for pneumonia 
in the majority of cases of hospital-acquired disease.58 �e 
 so-called “atypical” organisms (e.g., Mycoplasma, Legionella) 
were not detected as a cause of pleural infection,58 removing 
the need to prescribe empirical cover (e.g., macrolides) in 
such cases.
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Previous data from lung abscess treatment have sugge-
sted that “mixed” or polymicrobial infections are associated 
with a poorer prognosis136,137 although the data in pleural 
infection are less convincing.58 �ere is, however, some 
evidence to suggest, particularly in hospital-acquired dis-
ease, that synergy between coinfective organisms may have 
an impact on overall outcome.12,13,138 Mortality is certainly 
higher in hospital- than community-acquired disease.12,13,58 
Isolated streptococcal disease has a 1-year mortality in 

adults of 17%, with the survival data for culture-negative 
pleural infection intriguingly mirroring this,58 perhaps 
lending weight to the theory that culture-negative disease 
is frequently a result of antibiotic-treated streptococcal 
disease. In contrast to this, the mortality in patients with 
gram-negative, staphylococcal, and mixed aerobic disease is 
much higher at 45% at 1 year.58 �is di�erence in prognosis 
between bacterial subgroups may be a potential area for tar-
geting more aggressive therapy in the future (Figure 23.4).

Table 23.4 A summary of the bacteriology of all positive cultures from clinical studies between 1996 and 2006; published in 
the English Ianguage where details of bacteriology were presented

Organism Number % of total

Aerobes—gram positive 948 63
Streptococci 680 45
 Streptococcus milleri group 169 11.2
 Streptococcus pneumoniae 346 22.9
 Streptococcus pyogenes 36 2.4
 Other Streptococcus species 117 7.8
Staphylococci 248 16
 Staphylococcus aureus 197 13.1
 Methicillin-resistant S. aureus 40 2.7
 Staphylococcus epidermidis 11 0.7
 Enterococcus spp. 20 1
Aerobes—gram negative 228 15
 Escherichia coli 52 3.4
 Klebsiella 64 4.2
Other coliforms 37 2.4
 Proteus 15 1
 Enterobacter spp. 18 1.2
 Pseudomonas aeruginosa 42 2.8
Anaerobes 206 14
 Fusobacterium 51 3.4
 Bacteroides 51 3.4
 Peptostreptococcus 50 3.3
Mixed anaerobes/unclassified 21 1.4
 Prevotella 31 2.1
 Clostridium 2 0.1
 Mycobacterium tuberculosis 22 1.4
 Actinomyces spp. 7 0.5
Other 96 6
Total 1508 100

Sources: From Li ST, Tancredi DJ, Pediatrics, 125(1), 26–33, 2010; Givan DC, Eigen H, Clin Chest Med, 19, 363–371, 1998; Sahn SA et al. 
Am Rev Respir Dis, 128, 811–815, 1983; Light RW et al., Chest, 64, 591–596, 1973; Miserocchi G, Eur Respir J, 10, 219–225, 1997; Mutsaers SE 
et al., Curr Opin Pulm Med, 12, 251–258, 2006; Landreneau RJ et al., Chest, 109, 18–24, 1996; Neff CC et al. Radiology, 176, 195–197, 1990; 
Light RW, ed. Pleural Diseases, 5th ed., Baltimore, MD, Lippincott, Williams and Wilkins, 2007; Rahman NM et al., Am J Respir Crit Care 
Med, 173, A11, 2006; Insa R et al., Medicine (Baltimore), 91(2), 103–110, 2012; Blaschke AJ et al., Pediatr Infect Dis J, 30(4), 289–294, 2011; 
Menzies SM et al., Thorax, 66(8), 658–662, 2011; Ahmed RA et al., Am J Med, 119, 877–883, 2006; Wait MA, Chest, 111, 1548–1551, 1997; 
Alfaro C et al., Pediatr Infect Dis J, 24, 274–276, 2005; Azoulay E et al., Clin Infect Dis, 31, 914–919, 2000; Bilgin M et al., ANZ J Surg, 76, 
120–122, 2006; Bouros D et al., Am J Respir Crit Care Med, 159, 37–42, 1999; Brutsche MH et al., Chest 128, 3303–3309, 2005; Castellote J 
et al., J Clin Gastroenterol, 39, 278–281, 2005; Chen LE et al., J Pediatr Surg, 37, 371–374, 2002; Chin NK, Lim TK, Chest, 111, 275–279, 1997; 
Dzielicki J, Korlacki W, Surg Endosc, 20:1402–1405, 2006; Kalfa N et al., J Pediatr Surg, 41, 1732–1737, 2006; Kuboi S, Nomura H, J Infect 
Chemother, 12, 264–268, 2006; Kurt BA et al., Pediatrics, 118, e547–e553, 2006; Lahti E et al., Eur J Clin Microbiol Infect Dis, 25, 783–789, 
2006; Le Monnier A et al., Clin Infect Dis, 42, 1135–1140, 2006; Melloni G et al. World J Surg, 28, 488–493, 2004; Misthos P et al., Eur J 
Cardiothorac Surg, 28, 599–603, 2005; Ozel SK et al. Surg Today, 34, 1002–1005, 2004. With permission.
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Gram-negative pleural infection is more frequent in 
patients with underlying diseases, especially those with dia-
betes or alcoholism.19 Some causes of bacterial pneumonia 
more commonly progress to pleural infection than others, 
with Staphylococcus aureus and gram-negative enteric bac-
teria such as K. pneumoniae having a particular proclivity 
to cause pleural infection,139 whereas recently published 
work140 has identi�ed risk factors (e.g., alcohol and sub-
stance abuse, medical comorbidity, and hypoalbuminemia) 
that might predispose to the development of pleural infec-
tion following community-acquired pneumonia. Fungal 
pleural infection may also be becoming more frequent, 
particularly in the context of a growing population on long-
term immunosuppression,141,142 for example, solid organ 
transplant patients, connective tissue and in�ammatory 
bowel disease patients on biologic agents. A study from a 
tertiary care hospital over a 7-year period reported 67 such 
cases. Candida species accounted for 64% and Aspergillus 
species 12% of the fungal pleural infections.142

Reviewing the literature reporting the bacteriology 
of pleural infection over a 10-year period represents 2501 
cases and strongly suggests that the microbiology of pleural 

infection and pneumonia are quite distinct and should, 
therefore, be treated as separate syndromes. Indeed, treat-
ment of pleural infection with standard antibiotics for 
community- and hospital-acquired pneumonia is likely to 
result in resistant organisms being treated with ine�ective 
antibiotics. It is postulated that the microenvironment of 
the infected pleural space (low partial pressure of O2, acidic 
environment) may be the driving factor for the di�erent 
microbiology seen in pleural infection.

 DIAGNOSIS AND CLINICAL 
ASSESSMENT OF PLEURAL INFECTION

Diagnosis of pleural infection is �rst dependent on the diag-
nosing physician having a high suspicion for the disorder. 
�e usual clinical presentation is either a patient with pneu-
monia whose chest radiograph suggests pleural �uid, whose 
clinical progress is unsatisfactory despite apparently suit-
able antibiotic therapy, or a patient in whom radiographic 
pleural opacity and clinical indices suggest infection (fever, 
raised in�ammatory markers, etc.). �e diagnosing physi-
cian must remain constantly alert to the possibility of pleu-
ral infection since any delay in diagnosis—particularly in 
the frail or comorbid patient—can result in a worsened 
clinical outcome.

In the context of pneumonia, the clinical dilemma is pre-
cisely when to drain an adjacent pleural �uid collection. Up 
to 57% of patients with pneumonia will develop a parap-
neumonic e�usion at some point in their clinical course.33,34 
However, only 4% of these will continue to develop frank 
pleural infection56 and require pleural space drainage. 
�ere are no clinical features that predict which patients 
with pneumonia and an associated e�usion will eventually 
need drainage, and consequently sampling of the pleural 
e�usion is always required to assess whether infection is 
present.20,21,34

Diagnostic thoracocentesis in the context of pleural 
infection may be di�cult. �e �brinous loculation of the 
infected pleural space can result in a multiloculated col-
lection that is not easy to access as the diaphragm may be 
elevated and distorted by the pleural in�ammatory tissue. 
As even small collections of infected pleural �uid probably 
warrant drainage, major organ trauma is risked during aspi-
ration of small amounts of �uid. In this situation, image-
guided aspiration (usually using thoracic ultrasound) is 
mandatory, permitting �uid sampling in 97% of cases and 
greatly reducing the risk of organ trauma and other proce-
dural complications143–146 (Figure 23.5). �oracic ultrasound 
is now increasingly available at the bedside “point of care” to 
both respiratory and internal medicine physicians, having 
moved away from its use only by radiologists. �is changing 
practice is re�ected in recently published guidelines for the 
management of pleural disease,21 and there is good evidence 
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Figure 23.4 Survival curves in patients with different 
sources of infection (upper) and with different bacterio-
logical subtypes (lower). (From Maskell NA et al., Am J 
Resp Crit Care Med, 165:B11, 2002. With permission.)
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to suggest that with suitable training this tool can be used as 
e�ectively by skilled physicians as specialist  radiologists.147 
With the exception of pneumothorax, the authors would 
now consider the use of thoracic ultrasound for all thera-
peutic pleural procedural interventions—including “sim-
ple” thoracocentesis—to represent the minimum standard 
of clinical care.

Laboratory analysis of the pleural �uid is then the 
appropriate tool for the de�nitive identi�cation of pleural 
infection.  �e presence of overt pus on thoracocentesis is 
diagnostic of empyema, and no further biochemical tests are 
required for diagnosis. Performing Gram’s stain and culture 
will identify causative bacteria in a proportion of nonpuru-
lent �uids and aids antibiotic choice. However, pleural �uid 

culture is a process that takes time and can therefore result 
in a delayed diagnosis. Furthermore, approximately 40% of 
infected pleural e�usions will remain culture negative9,58 
and in this situation biomarkers of intrapleural white cell 
and bacterial metabolism—pleural �uid pH, lactate dehy-
drogenase, and glucose concentrations—are of the greatest 
diagnostic value. �ere are a number of large case series71,148 
and a detailed meta-analysis149 of the clinical strength of 
these indices (Figure 23.6). �ese show that pleural �uid pH 
alone is the optimal index for diagnosis and should be per-
formed as routine in any potentially infected pleural �uid, 
which is not otherwise obviously purulent or Gram’s stain 
positive/culture positive. Figure 23.3 gives a suggested �ow 
diagram for the diagnosis of pleural infection that is based 
on this approach. If access to rapid pH measurement is 
unavailable, the measurement of pleural �uid glucose con-
centration is nearly as useful.

�e exact level of pleural �uid acidity that should warrant 
treatment (i.e., intercostal drain insertion) as a presumed 
infection is a matter of some debate. A range of suggested 
thresholds around pH 7.2 have been advocated, perhaps 
individually in�uenced by the patient’s exact clinical cir-
cumstances. Pleural �uid pH should be measured using a 
blood gas analyzer, as methods such as litmus paper or a pH 
meter have been shown to produce inaccurate results.150 In 
addition, care must be taken to ensure that pH analysis is 
carried out promptly (within 1 hour of sampling) and that 
samples are not contaminated with either air, local anes-
thetic, or heparin (all of which may be present in the sam-
pling syringe) since these can have a signi�cant impact on 
sample analysis and results.151 In the absence of reliable pH 
measurement, pleural �uid glucose may be used149 since this 
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Figure 23.5 (a) Chest radiography of a 30-year-old man 
admitted with infective symptoms and thought to have 
a pleural effusion on chest X-ray, which prompted an 
attempt at “bind” pleural aspiration (failed). (b) Subsequent 
 ultrasound image revealing heavily  consolidated lung and 
a tiny amount of pleural fluid as the cause for the chest 
radiograph appearance. Normal blood flow through 
 consolidated lung is shown.
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Figure 23.6 Receiver operating characteristic curve for 
the diagnostic accuracy of pleural fluid pH for pleural 
infection.130 (From Estrera AS et al., J Thorac Cardiovasc 
Surg, 79, 275–282, 1980. With permission.)
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biochemical marker appears to be less vulnerable to con-
tamination and diagnostic inaccuracy than pH.151

Since pleural �uid pH is not 100% sensitive for the diag-
nosis of pleural infection (with scattered cases without an 
acidic e�usion appearing in most case series), a single easy 
to remember threshold of 7.2 is probably as useful as a more 
complex algorithm. �e physician must then always inter-
pret this result in the clinical context and with common 
sense. Furthermore, diagnostically signi�cant variations in 
pleural �uid appearance and pH have been shown in dif-
ferent locules in patients with pleural infection.152 Although 
biochemical parameters are the most sensitive guide of 
need for intercostal drainage, they must be interpreted 
in the context of the clinical scenario, and resampling of 
pleural �uid is advocated if clinical parameters are not 
improving despite apparently adequate medical treatment. 
Furthermore, a minority of patients with an initial pleural 
�uid pH of >7.2 will progress to require thoracic surgery, 
reinforcing the need for clinical evaluation above any single 
diagnostic laboratory test. �e occasional scenario where 
the biology of the disease renders pleural �uid pH unhelpful 
should also be remembered. In particular, Proteus mirabilus 
infection tends to be associated with a high pleural �uid pH 
due to the urea splitting activity of this bacterium, which 
generates an alkaline medium.88,89

DIFFERENTIAL DIAGNOSIS

�e most common problem with the di�erential diagno-
sis of pleural infection is the failure to ultimately make a 
positive and accurate diagnosis. �e potentially indolent 
presentation of pleural infection can produce a patient with 
nonspeci�c clinical features including anorexia, weight loss, 
lethargy, little or no fever, raised blood in�ammatory mark-
ers, and sometimes no respiratory symptoms at all. In this 
situation, respiratory disease may not be considered in the 
di�erential diagnosis at all. Alternatively, the identi�cation 
of a smooth, round subpleural chest radiograph opacity may 
lead to an incorrect diagnosis of bronchial malignancy. �e 
best protection against these errors is to have a low thresh-
old for considering the diagnosis of pleural infection, which 
is particularly important as it is both an eminently treatable 
disorder and any delay in diagnosis may have an adverse 
impact on the clinical outcome.

At the other end of the spectrum, not all patients with 
a fever and an acidic, turbid, and/or apparently “purulent” 
pleural e�usion have a pleural infection. Pleural involvement 
is commonly seen in patients with rheumatoid arthritis, 
although the majority of these patients (usually male) will 
never manifest any symptoms of their pleural disease.153,154 
�e estimated annual incidence of pleural e�usion for-
mation in patients with rheumatoid arthritis is 0.34% for 
women and 1.54% for men.155 �e presence of pleural �uid in 
rheumatoid arthritis is commonly associated with pleurisy, 
with the �uid itself being exudative, acidic, and turbid with 

a low glucose level. Long-standing  e�usions may become 
 chyliform in nature and macroscopically identical to puru-
lent �uid at �rst inspection. Di�erentiating between a rheu-
matoid e�usion and pleural infection is not straightforward 
and in these circumstances, careful consideration must be 
given to the clinical history and features on examination—
recognition of coincident joint disease and the presence of 
rheumatoid factor in both serum and pleural �uid (the latter 
re�ects the former) is additionally reassuring. Nonetheless 
the not-uncommon scenario of the patient with both rheu-
matoid arthritis and pleural infection must be remembered, 
particularly considering the range of immunosuppressant 
drugs (e.g., disease modifying antirheumatic drugs and bio-
logic agents) used chronically to treat rheumatoid arthritis. 
�e presence of other underlying rheumatoid lung disease —
for example, bronchiectasis or nodules adjacent to the vis-
ceral pleura (prone to rupture and bronchopleural �stula 
formation)—that might increase the risk of pleural infection 
should prompt additional diagnostic caution.

Pleural malignancy may also present with fever and an 
acidic pleural e�usion, where the systemic in�ammatory 
response is probably related to tumor-induced cytokine 
production. Such patients may have a particularly short 
survival,156–158 and low pleural �uid pH has been related to 
both poor pleurodesis success and prognosis.159–162 It can 
be impossible to resolve this di�erential diagnosis with 
certainty at presentation, with the patient requiring treat-
ment for presumed infection until the correct diagnosis is 
established by later biopsies or clinical follow-up. �e dem-
onstration of predominantly neutrophils on pleural �uid 
cytology supports a diagnosis of pleural infection, whereas 
the demonstration of mononuclear cells supports a diagno-
sis of malignancy.

In a patient with thick opaque pleural �uid that is not 
malodorous, then chylothorax and pseudochylous e�usion 
enter the di�erential diagnosis. �is di�erential can usually 
be established by bench centrifugation of the pleural �uid 
(10 minutes at 3000 revolutions per minute). �is leaves 
a clear supernatant in empyema as the cell debris is sepa-
rated, whereas chylous and pseudochylous e�usions remain 
milky.163 �e diagnosis is then con�rmed by the laboratory 
measurement of pleural �uid triglyceride and cholesterol 
levels and by microscopy for cholesterol crystals.

Occasionally, pleural sepsis secondary to esophageal 
rupture can be confused with primary pleural infection, 
especially in the elderly where the rupture may not be asso-
ciated with a clear history of vomiting or chest pain. In 
these circumstances, the diagnostic clues may include the 
presence of food particles in the pleural �uid, a raised pleu-
ral �uid amylase of salivary origin, and the presence of a 
hydropneumothorax on chest radiograph. Once suspected, 
imaging of the esophagus (e.g., oral contrast-enhanced CT 
scan; Figure 23.7) is required and a prompt thoracic surgical 
consultation indicated. Elevated pleural �uid amylase may 
also be seen in the context of a pleural e�usion secondary to 
pancreatitis; the absence of this biochemical feature essen-
tially excludes the diagnosis of esophageal rupture.164
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Patients with pulmonary embolism can occasionally 
present a diagnostic challenge as the patient may present 
with fever, pleuritic pain, and a pleural e�usion. In these 
circumstances the pleural �uid may be macroscopically 
hemorrhagic and biochemical analysis is not usually sug-
gestive of pleural infection; nonetheless, in cases where 
these results are nonspeci�c, CT pulmonary angiography 
may be necessary to evaluate this possibility.165

RADIOLOGY

�e presence of a pleural e�usion is o�en obvious on a plain 
chest radiograph, although 200 mL or more of �uid must be 
present before it becomes clearly visible on a posteroanterior 
image. Infected e�usions are frequently loculated and atyp-
ical in their appearance; the presence of fever, pulmonary 
in�ltrates, and pleural �uid should always alert the clini-
cians to the possibility of a parapneumonic collection, and 
therefore pleural infection (Figure 23.8). �e lateral chest 
radiograph—performed increasingly infrequently in rou-
tine clinical practice—may con�rm the presence of pleu-
ral �uid not suspected on the usual posteroanterior �lm.34 
Pleural �uid loculation o�en results in a “D” –shaped sub-
pleural opacity, which can easily be misinterpreted as a lung 
mass by an inexperienced observer. In the ventilated patient 
who is o�en imaged supine, free �uid may layer out posteri-
orly and be represented as a hazy opacity of one hemithorax 
with preserved vascular shadows.166

�oracic ultrasound enables the exact localization of 
any pleural �uid collection and so facilitates image-guided 
diagnostic aspiration if required.146,167 It can detect the 

presence of as little as 5 mL of pleural �uid and is also highly 
e�ective in detecting loculations not seen on CT images 
(Figure  23.9). When considering pleural intervention in 
potentially “unsafe” areas of the hemithorax (i.e., away 
from the midaxillary line and safe triangle), the use of color 
Doppler ultrasound may be of additional bene�t in identify-
ing the location of the intercostal vessels prior to aspiration 
or drain insertion.168 However, the use of thoracic ultra-
sound is limited by the fact that it may not identify some 
separate �uid loculations in inaccessible areas of the thorax, 
such as in the region of the scapula.

In patients with complex pleural �uid collections, 
contrast- enhanced thoracic CT in the tissue (venous) 
phase—about 90 seconds a�er injection—is the imaging 
method of choice. It provides detailed information about 
�uid loculation (although it does not show septations with 
individual locules of �uid), pinpoints the position of exist-
ing chest tubes, and can identify any airway obstruction 
caused by tumor or foreign body. In addition, CT with 
intravenous contrast can usually di�erentiate between an 
infected pleural collection and lung abscess. Infected pleu-
ral collections or empyemas are usually lenticular in shape 
with compression of the surrounding lung parenchyma, 
and the “split pleura” sign is o�en noted (Figure 23.10)—
caused by enhancement of both parietal and visceral pleural 
surfaces, which are separated by the pleural �uid collection. 
Lung abscesses, however, are usually round with thick and 
irregular walls with indistinct boundaries between lung 
parenchyma and collection.169,170 Other discriminatory 
signs are shown in Table 23.5.

Magnetic resonance imaging (MRI) is usually reserved 
for patients who cannot undergo CT because of hypersen-
sitivity to intravenous contrast or who are at particular risk 

Oral contrast in
mediastinum

Empyema

Figure 23.7 Oral contrast-enhanced computed tomogra-
phy scan demonstrating esophageal leak as the cause of 
empyema. The patient was discovered to have necrotic 
nodes eroding into the esophagus from tuberculosis.

Figure 23.8 The characteristic D-shaped chest radiograph 
opacity of a pleural empyema.
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from irradiation, such as young women (where the breasts 
are radiosensitive).171,172 In complex loculated e�usions, the 
multiplanar capability of MRI can also be used to clinical 
advantage, reliably identifying loculations and chest wall 
in�ltration173,174 (Figure 23.11). However, di�erentiation of 
infective e�usion from malignant disease is not possible. 
Although thoracic CT is unable to di�erentiate pleural 
thickening from pleural infection or malignancy,175 �uoro-
deoxyglucose positron emission tomography (PET) scan-
ning may permit the identi�cation of pleural thickening 

(cold on PET scanning176,177), but is unable to reliably sepa-
rate infection and malignancy in the context of a coexistent 
pleural e�usion.

ANTIBIOTIC THERAPY

All patients with pleural infection should receive antibiot-
ics from the time of diagnosis. Where possible, the antibiot-
ics prescribed should be guided by bacterial culture results. 
However, these results are usually not immediately available 
and approximately 40% of cases will remain persistently cul-
ture negative.19,58,83–129 �e patient’s clinical setting and the 
underlying cause of the pleural infection should, therefore, 
dictate the initial selection of empirical antibiotic therapy, 
which may ultimately remain unchanged in the signi�cant 
minority of cases where culture results are negative and 
therefore unhelpful in guiding ongoing treatment.

 COMMUNITY-ACQUIRED PLEURAL 
INFECTION

To provide cover for the penicillin-resistant o rganisms 
and anaerobes described above, a combination of a 
second- generation cephalosporin or aminopenicillin plus 
β-lactamase inhibitor with anaerobic cover should provide 
adequate empirical treatment for the duration of care. Given 
the low prevalence of Legionella and Mycoplasma in pleural 
infection in contrast to community-acquired pneumonia,58 
the addition of a macrolide is unnecessary.

�ere is no evidence that patients admitted from 
long-term care facilities (e.g., nursing homes) with pleu-
ral infection should be treated any di�erently to other 
community-acquired cases. However, there is retrospec-
tive data to suggest that an “intermediate” microbial eti-
ology may exist between traditional community- and 

Figure 23.9 The typical pleural ultrasound appearance 
of pleural infection. The pleural space is divided into a 
multiseptated collection with varying echogenic appear-
ances within the divided fluid, indicating varying degrees 
of fluid purulence.

Figure 23.10 A contrast-enhanced computed tomography 
appearance of pleural empyema showing a multiloculated 
pleural collection. The “split pleura” sign with enhanc-
ing pleural tissue visible on both the visceral and parietal 
pleural surfaces is shown.

Table 23.5 Differentiating between a lung abscess and 
empyema on contrast-enhanced thoracic computed 
tomography

Lung abscess Empyema

Often round in shape Lenticular in shape
Vessels passing through or 

near
No vessels closely 

associated
Indistinct boundary 

between lung 
parenchyma and 
collection

Compression of 
surrounding lung 
parenchyma

Thick and irregular wall, 
making contact with 
chest wall at acute angle

Smooth margins creating 
obtuse angles, following 
contours of chest

Sources: Lesho EP, Roth BJ, Chest, 112, 1291–1292, 1997; Maskell NA 
et al., Chest, 126, 2022–2024, 2004; Joseph J, Sahn SA, Chest, 104, 
262–270, 1993. With permission.



Antibiotic therapy / Hospital-acquired (nosocomial) pleural infection 309

hospital-acquired cases for this particular population, par-
ticularly in relation to an increased identi�cation of mixed 
anaerobes and Staphylococcus aureus.178 More extensive 
and prospective work, similar to that carried out in cases of 
pneumonia,179 is necessary to de�ne this particular popu-
lation more clearly.

 HOSPITAL-ACQUIRED (NOSOCOMIAL) 
PLEURAL INFECTION

�e combination of a broad-spectrum antibiotic (either a 
carbapenem or antipseudomonal penicillin) and an agent 
active against MRSA is required for the hospital-acquired 
subgroup of pleural infection to provide cover for multi-
resistant organisms and anaerobes.58 Postoperative, trau-
matic, and iatrogenic-related empyema will also require 
antistaphylococcal coverage as the incidence of MRSA 
empyema is substantial in this particular hospital-acquired 
group.58 Although the majority of hospital-acquired infec-
tions are treated intravenously for the duration of treat-
ment, oral regimens exist that cover the majority of likely 
pathogens. Exact regimens will be in�uenced by local prac-
tice and bacterial resistance patterns, but suitable illustra-
tive regimes are shown in Table 23.6. Oral regimens are 
not recommended for the treatment of hospital-acquired 
infection, but may be required for the long-term treatment 
of patients with hospital-acquired disease who are un�t for 
invasive procedures.

Penicillins, cephalosporins, clindamycin, carbapenems, 
and metronidazole all show good and similar penetration 
into the pleural space.180–182 However, aminoglycosides 
appear to penetrate poorly into the pleural space and may 
be inactive in purulent, acidic pleural �uid. �ey should, 
therefore, be avoided in treating pleural infection.180,181 In 
all cases, positive pleural �uid or blood cultures should 
normally be used to narrow antibiotic therapy tailored to 
the organism(s) found. However, mixed infections occur in 
up to 13% of cases, especially with anaerobic bacteria, and 
these organisms may be di�cult to isolate. Careful consid-
eration should, therefore, be given to continuing concurrent 
anaerobic antibiotics, even when a positive microbiological 
diagnosis has been made.

�e duration of antibiotic treatment depends on the 
bacteriology of the pleural infection, the e�cacy of pleural 
drainage, and the speed of resolution of the patient’s symp-
toms. �ere are no studies directly addressing the length of 
treatment required in pleural infection, although between 
2 and 6 weeks of total therapy is not uncommon (follow-
ing paradigms for the treatment of pulmonary abscess). 
Each individual case of pleural infection behaves di�er-
ently, although it is the authors’ usual practice to give at 
least the �rst week of antibiotic therapy intravenously, 
with a subsequent change to oral regimens dictated by the 
patient’s clinical and biochemical responses. A combina-
tion of an oral aminopenicillin with a β-lactamase inhibi-
tor (or clindamycin and cipro�oxacin in penicillin-allergic 
patients) is o�en adequate as sustained oral therapy, which 

Figure 23.11 (a) Computed tomography scan and (b) magnetic resonance imaging (MRI) scan, T2-weighted images of 
 septated pleural effusion. The septations are clearly demonstrated on the MRI image. (Courtesy of Dr. Fergus Gleeson, 
Oxford.)

(a) (b)
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the authors would normally continue for a total antibiotic 
course of 4 weeks—extended in those cases where clinical 
improvement is slow. In this respect, decisions on the total 
duration of antibiotic treatment can be guided by clinical 
assessment and repeated measurements of serum markers 
of the acute-phase reaction, such as C-reactive protein. �e 
monitoring of fever lysis is also valuable, although elderly 
patients and those with indolent, o�en anaerobic empyema 
frequently fail to mount a fever; in these cases indices such 
as the C-reactive protein are particularly helpful.

CHEST CATHETER DRAINAGE

�e optimal size of catheter for the drainage of an infected 
pleural space remains a cause of vigorous debate. Previous 
management guidelines have implied that larger bore cath-
eters are necessary to allow drainage of high viscosity �uid 
seen in pleural infection, citing evidence that inadequate 
tube bore is a predictor of the need for subsequent surgi-
cal intervention and drainage.9,33,183,184 However, �exible 
smaller bore catheters are less traumatic to insert and more 
comfortable for the patient a�er insertion, extrapolating 
data from catheter treatment of malignant pleural e�u-
sion.185 Numerous observational series, including hundreds 
of patients, show that good outcomes can be achieved with 
smaller catheters (≤12 Fr).145,146,186–192 Nonrandomized data 
from the MIST1 study have demonstrated that chest tube 
size has no in�uence on clinical outcome in pleural infection 
and that smaller tubes were better tolerated by patients.193 
Although there remains a body of clinical opinion that 
favors the use of larger-bore catheters for pleural infection 
in the absence of prospective randomized data speci�cally 
addressing this issue, this belief appears to be gradually 
diminishing—a fact re�ected in recent guidelines.21

Given the extent, duration, and importance of the “what 
chest tube size?” debate, consideration of the background 
to this issue is appropriate. �ere are three reasons why 
infected pleural �uid may resist drainage through a catheter: 

drainage may fail if the �uid is of high viscosity and directly 
blocks the tube, it may fail because the balance of forces 
drawing it down the tube is inadequate, and it may fail if the 
�uid is partitioned by �brinous septae. Although a large-
bore tube may improve the �rst problem, smaller-bore cath-
eters can be kept clear by �ushing and a large-bore tube is 
unlikely to decrease the other di�culties. During the chest 
tube drainage of nonseptated pleural contents, provided that 
the catheter (suction) port holes do not block, the negative 
tube tip pressure is transmitted through the pleural �uid to 
the lung surface. �erefore, whether �uid �ow occurs at all 
is related to the balance between the negative transthoracic 
suction pressure and the compliance of the underlying lung, 
and not to catheter bore. In contrast, the rate at which �uid 
drains is clearly dependent on tube caliber, as well as on 
�uid viscosity. �erefore, provided that the tube does not 
block the rapidity of chest tube drainage might be improved 
by increasing drain size, but the likelihood of eventual suc-
cessful drainage is essentially unchanged. In the presence 
of a multiseptated e�usion, the advantages of a large drain 
seem even smaller. Here, as �uid drainage occurs the �brin-
ous septae distort, distributing the drainage forces across 
the many locules as well as the lung surface. It is the pres-
sure gradients developed across the walls of these locules 
that predict whether they will rupture and drain, not the 
rapidity of �ow down the drainage catheter. Here again, 
provided that the catheter remains patent its bore would 
seem to be irrelevant.

�ere is some indirect evidence in support of the above 
arguments. In vitro studies suggest that increased tube bore 
is associated with increased �uid �ow, but the increase in �ow 
is small with catheters above 7 Fr.194 Two small studies have 
directly compared small- and large-bore catheters for the 
drainage of intra-abdominal pus, both of which reported no 
advantage of drains larger than 8 Fr.195,196 Assessing clinical 
studies of treatment of pleural infection in which di�erent 
catheter sizes were used, no di�erence between outcomes 
with di�erent catheter size are reported.88,90,91,99,190,193,197 
�e use of regular saline �ushes and suction may prevent 
small catheter blockage and aid the drainage of particularly 

Table 23.6 Possible empirical antibiotic regimens for pleural infection

Suggested antibiotic regimen

Oral Intravenous
Hospital acquireda Clindamycin 300 mg qds + 

ciprofloxacin 500 mg bd (+ 
rifampicin 300 mg bd if MRSA is 
suspected)

Meropenem 500 mg tds + vancomycin 
1 g bd

Community acquired Co-amoxiclav 625 mg tds + 
metronidazole 400 mg tds or 
clindamycin 300 mg qds + 
ciprofloxacin 500 mg bd

Cefuroxime 1.5 g tds (or co-amoxiclav 
1.2 g tds) + metronidazole 500 mg 
tds (meropenem 500 mg in 
penicillin-allergic patients)

Abbreviations: bd, two times a day; MRSA, methicillin-resistant Staphylococcus aureus; tds, three times a day; qds, four times a day.
aOral regimens are not recommended for hospital-acquired infection, but may be required for long-term treatment.
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viscous pleural �uid or pus. Building on the principle of 
regular drain �ushes, large volume pleural irrigation with 
saline has shown promise in a small randomized controlled 
pilot study198 by improving �uid drainage and clearance 
(assessed using volumetric CT scan) and reducing surgical 
referral rate, although no change in overall hospital stay was 
noted. Further large-scale randomized studies are necessary 
to assess the potential utility of this particular technique.

INTRAPLEURAL FIBRINOLYTICS

�ere has been over 50 years’ interest44 in the use of intra-
pleural �brinolytics as a means by which progression of 
pleural infection from its early exudative to later �brinopu-
rulent and �brotic stages77 might be prevented. �is relies 
on the hypothesis that it is the increasing �brin load and 
septation density within the infected pleural space that is 
ultimately responsible for the failure of medical manage-
ment, and therefore targeting the �brinolysis pathway to 
prevent this process from occurring will allow clearance 
of the infection, with successful drainage being assumed to 
directly correlate with ultimate clinical outcome. �e abil-
ity of these agents to chemically disrupt the �brinous sep-
tations that develop during pleural infection (Figure 23.12) 
has hence been used in an e�ort to facilitate the simple 
tube drainage of collections. As well as improving drainage 
directly, intrapleural �brinolytics may also assist in resolv-
ing the visceral �brinous pleural rind that develops dur-
ing progressive pleural infection, this in turn allows lung 

re-expansion and obliteration of the infected pleural space. 
In doing so, �brinolytics might potentially modify the natu-
ral course of the disease to prevent the need for later surgical 
intervention, accelerate clinical recovery, and shorten hos-
pital stay.

STREPTOKINASE

Streptokinase was the �rst intrapleural �brinolytic agent 
to be considered for clinical use in pleural infection. �is 
was based on the work of Tillett and Sherry in 1949,44 who 
used partially puri�ed streptococcal �brinolysin (contain-
ing both streptokinase and streptodornase, a deoxyribo-
nuclease [DNase]) to help drain infected postoperative 
hemothoraces. �is was associated with signi�cant immu-
nological side e�ects though—most likely secondary to 
impurities contaminating the product during the manu-
facturing  process—that prevented their use from becom-
ing routine practice. �e subsequent availability of highly 
puri�ed streptokinase (and nonantigenic urokinase) was 
responsible for renewed interest in this product.

Streptokinase is a proteolytic enzyme derived from a 
bacterial protein of group C β-hemolytic streptococci. It 
forms a complex with plasminogen that then converts addi-
tional circulating plasminogen to plasmin. Plasmin lyses 
fresh �brin clots and digests prothrombin and �brino-
gen.199 As streptokinase is derived from a bacterial source, 
it is antigenic200 unlike urokinase, which is obtained from 
human cells. Streptokinase is usually administered as a 
solution of 250,000 IU in 30 mL of sterile saline via the chest 
tube and the tube clamped for 2–4 hours before returning to 
normal drainage. �is has been given either daily84,90,96,98,108 
or repeated twice daily for several days.10 Urokinase can be 
used in a similar fashion with 100,000 IU as the standard 
daily dose.90,91

With puri�ed streptokinase and urokinase available 
for clinical use, there followed during a 20-year period up 
until 2005 a number of uncontrolled observational case 
series17,24,30,31,59,102,201,202 and randomized trials in both 
 adults10,84,89–91,98,99,114,124,197 and children105,120,121,129 using 
these intrapleural agents. Of 14 randomized trials (see also 
Tables  23.7 and 23.8), 8 were “e�cacy” studies assessing 
�brinolytic versus placebo (6 in adults10,91,98,99,124,197 and 2 in 
children120,129); 1 in adults assessed chest drainage plus �bri-
nolytic versus chest drainage only (i.e., no placebo)114; and 
1 in adults compared two di�erent �brinolytic agents.90 �e 
remaining four studies assessed the early use of VATS ver-
sus a drainage plus �brinolytic strategy (two adult84,89 and 
two pediatric105,121 studies).

All the randomized trials of �brinolytic therapy pub-
lished until 2004 assessed clinical surrogates for treatment 
success, usually using volume of �uid drained, radiographic 
outcome, or length of hospital stay as outcome measures 
(Tables 23.7 and 23.8). A selected few assessed the need for 
surgical drainage as a primary outcome measure, but the 
criteria for this intervention were not clear and may sim-
ply have been a further surrogate for poor radiographic 

Figure 23.12 The macroscopic appearance of pleural 
fibrinous septation at thoracoscopy in an infected 
malignant pleural effusion.
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outcomes. Nonetheless, the majority of these studies found 
a signi�cant bene�t for the use of intrapleural �brinolytic 
therapy with either streptokinase or urokinase. However, 
these studies were all small—the largest number of cases 
in a single study being 60 and the total number of patients 
in these studies amounting to 272 (100 of these being chil-
dren). Consequently, a meta-analysis conducted in 2004 
assessing the published studies at the time concluded that 
while there seemed to be potential bene�t from intrapleural 
�brinolytic therapy in pleural infection (decreased hospi-
tal stay, improved radiographic appearance, lower surgical 
referral rate), there was insu�cient evidence to recommend 
its routine use in clinical practice.205

It was against this background that the MIST1 
trial10 reported its �ndings in 2005. �e study recruited 
454  patients across 52 U.K. hospitals and was powered to 
address whether streptokinase altered combined death and 
surgical rate. Patients were recruited on the basis of estab-
lished criteria for pleural infection (appropriate clinical sce-
nario and one or more of: pleural �uid pH <7.2, purulent 
pleural �uid, microbiologically positive �uid) and random-
ized to intrapleural streptokinase (250,000 IU twice daily 
for 3 days) or intrapleural saline (twice daily for 3 days) in 
addition to standard local care (chest drain, antibiotics).10 
In this double-blind study, intrapleural therapy was given 
to 430 patients and primary outcome data were available in 
99%. No di�erence was found in the combined rate of death 
and surgery at 3 months (primary outcome measure) in the 
placebo and streptokinase groups, and the outcome occur-
ring in around 30% of patients (Figure 23.13). �ere was 
no di�erence between streptokinase and placebo groups 
in death or surgery analyzed separately, length of hospital 
stay, radiographic change, or lung function at 3  months. 
Subgroup analyses demonstrated no di�erence between 
streptokinase and placebo regardless of characteristic stud-
ied (pleural �uid purulence, complicated parapneumonic 
e�usion, short clinical history, initial amount of radio-
graphic e�usion). �ere was a small excess of adverse e�ects 

in the streptokinase group, mainly associated with  allergic 
or immunological reactions, but no excess of systemic 
thrombolysis or bleeding.10

A further study in 127 patients was published later in 
2005, assessing intrapleural streptokinase (n = 47) versus 
normal chest drainage (n = 70) with no placebo used.114 
�is appeared to contradict the results of the MIST1 study 
by demonstrating a mortality bene�t in the streptokinase 
group (4.2% vs. 1.7%, p < .001) as well as improved treatment 
success and reduction in both hospital stay and surgical 
referral rate in those patients receiving intrapleural �brino-
lytics. However, this study was not placebo controlled and 
therefore by de�nition unblinded, making the di�erences in 
surgical and hospital stay outcomes questionable.

�e results of the MIST1 trial10—contradicting the pre-
existing evidence base in essentially discrediting the use of 
streptokinase in adults with pleural infection— provoked 
�erce debate206 and came under criticism for, among other 
things, recruiting patients late in the disease process and a 
failure to stratify for the presence or density of septations. 
Nonetheless, the study design10 was robust; a fact re�ected 
by a further meta-analysis performed in 2006207 that 
included the �ve trials of intrapleural streptokinase or uro-
kinase deemed to be methodologically sound (575 patients 
in total). �is concluded that their routine use in all patients 
with pleural infection could not be supported by the cur-
rent evidence, although it suggested some patients might 
 bene�t from treatment given the trial heterogeneity.207 �is 
interpatient variability in response may be illustrated by 
the pediatric evidence base where intrapleural streptoki-
nase and/or urokinase continue to be considered e�ective 
and therefore included in guidelines for the management 
of pleural infection in children,132 potentially re�ecting the 
variation in etiology and bacteriology between adults and 
children with pleural infection.

DIRECT TISSUE PLASMINOGEN 
ACTIVATORS AND COMBINATION 
INTRAPLEURAL THERAPY

�e results of the MIST1 trial10 also served to prompt a 
reevaluation of the theory behind the use of intrapleural 
�brinolytics with reason to believe that agents other than 
streptokinase might be more e�cacious in breaking down 
adhesions and septations intrapleurally. �e mode of action 
of streptokinase relies on a minimum environmental level 
of plasminogen to produce �brinolytic plasmin, and there 
is evidence that the intrapleural concentration of plasmino-
gen is low. Direct tPA bypass this step and are therefore not 
limited by the endogenous plasminogen level; consequently, 
they may be more successful in dividing septations within 
the infected pleural space. Small case series and individual 
reports in both adults208–210 and children211–213 reported suc-
cess using intrapleural tPA with an apparently good safety 
pro�le, whereas a recently published single-center random-
ized study203 in adults appeared to show a reduction in 
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Figure 23.13 Primary result of the MIST1 study,  showing 
no difference between placebo and streptokinase in 
outcome (death + surgical rate) at 12 months. (From 
Davies HE et al., Thorax, 65[Suppl 2], ii41–ii53, 2010. With 
permission.)
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surgical referral rate using intrapleural tPA compared to 
placebo. However, the failure of this study203 to use widely 
accepted diagnostic criteria20,21 for pleural infection and 
other methodological issues including small patient num-
bers with “true” empyema (n = 17 enrolled over a 5-year 
recruitment period) and complexities in the study design 
that meant secondary outcomes could not be analyzed sug-
gest the results cannot be extrapolated to wider clinical 
practice.

When considering why infected pleural �uid might resist 
drainage through a catheter (see above), it is evident that 
there is more than just the presence of septations at play. �e 
use of intrapleural �brinolytics to break down septations 
removes one barrier to successful drainage, but will not alter 
either �uid viscosity or the potential formation of infec-
tive bio�lms by bacteria within the pleural space. Failure to 
in�uence these latter parameters may therefore contribute to 
relapsing sepsis and �uid retention in cases of pleural infec-
tion.214 DNase has a well-recognized capacity to reduce �uid 
and pus viscosity, hence its nebulized use in patients with 
cystic �brosis to reduce sputum viscosity.215 �e e�ects of 
DNase on pus samples gathered from pleural empyemas have 
been studied in vitro. In the �rst of these studies, 20 samples 
of purulent pleural exudate were collected from experimen-
tal empyemas induced in rabbits.214 �ese samples were then 
incubated in vitro with streptokinase, urokinase, combi-
nation of streptokinase and streptodornase (streptococcal 
DNase), or saline. Liquefaction of the exudates was only 
achieved with the combination of streptokinase and strepto-
dornase.214 �e second study involved nine specimens of pus 
collected from human patients with either pleural empyema 
or abscess elsewhere.216 �ese specimens were also incubated 
with saline, combination of streptokinase and streptodor-
nase, human recombinant DNase, or streptokinase. Each 
of the DNase-containing solutions again e�ectively reduced 
pus viscosity by over 95% with little change seen in the other 
groups.216 It is worth remembering that Tillett and Sherry44 
initially worked with partially puri�ed streptococcal �bri-
nolysin, which would have contained both streptokinase and 
streptodornase—the latter of which may have contributed 
signi�cantly to their successful results.

�e MIST2 trial11 was designed to answer some of these 
questions using intrapleural tPA as a directly acting �bri-
nolytic to break down septations and DNase to reduce �uid 
viscosity and possible bio�lm formation within the infected 
pleural space. It was designed as a double-dummy, double-
placebo randomized controlled trial with four treatment 
arms (tPA + DNase; tPA + placebo; placebo + DNase; pla-
cebo + placebo); power calculations using a factorial trial 
design meant that each agent’s e�ects could be assessed 
independently. Each intervention (tPA 10 mg, DNase 5 mg) 
was given twice daily for 3 days, a total of six doses of each 
intrapleural drug. �e primary outcome was absolute 
change in chest radiographic opacity at days 0 and 7 follow-
ing randomization using a validated digital measurement 
protocol; secondary outcomes were surgical referral rate, 
length of hospital stay, and mortality.

Over the 3-year study period, 210 adult patients were 
recruited from 11 U.K. centers using enrolment criteria 
identical to the MIST1 trial10 and based on widely accepted 
de�nitions of pleural infection.20,21 �e initial analysis of 
the results11 demonstrated a highly signi�cant interaction 
and multiplicative e�ect between tPA and DNase (p = .002), 
preventing full factorial analysis and meaning all treatment 
groups had to be compared directly against placebo with a 
resultant loss of power. Despite this, although direct com-
parison demonstrated no signi�cant di�erence between 
placebo and either tPA or DNase alone for the primary out-
come measure, combination intrapleural therapy with tPA 
and DNase resulted in a clinically and statistically signi�-
cant e�ect with an additional relative reduction of 22% in 
radiographic opaci�cation compared to placebo (p = .005)11 
(Figure 23.14). Secondary outcome measures were also 
highly suggestive of bene�t from combination of tPA and 
DNase therapy, with signi�cant reductions in both surgical 
referral rate (odds ratio [OR] 0.17; 95% con�dence interval 
[CI] 0.03–0.87; p = .03) and length of hospital stay (6.7 day 
reduction; 95% CI 12.0–1.9 days; p = .006).11 Again, neither 
tPA or DNase alone showed any bene�t in these measures; 
indeed, treatment with DNase alone was associated with 
increased surgical referral rate (OR 3.6; 95% CI 1.3–9.8; 
p = .01). �ere was no signi�cant di�erence in either mortal-
ity or adverse event rates between any of the treatment arms 
compared to placebo.11
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Figure 23.14 Primary result of the MIST2 study11 showing 
relative change in chest radiograph pleural opacity by 
treatment arm, measured at day 7 and expressed as 
percentage of hemithorax occupied. (From Rahman 
NM et al., N Engl J Med, 365(6), 518–526, 2011. With 
permission.)
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�e MIST2 trial results11 rea�rm the �ndings of the 
MIST1 trial10 that �brinolytics alone—be it tPA or strepto-
kinase—have no clinical bene�t in adult pleural infection, 
but also identify a potential role for the novel combination 
of intrapleural tPA and DNase while providing clues toward 
their modes of action. DNase may reduce �uid viscosity and 
release bacteria into the pleural space, potentially causing 
the sepsis response (increased odds of fever at day 7) and 
increased surgical referral rate seen in MIST2 patients 
on this agent alone,11 but cannot improve drainage alone. 
Fibrinolytics (tPA) break down septations but in isolation 
cannot alter �uid viscosity to enhance clearance of infected 
material. Instead, it is only through combining these two 
modes of action—reduction in both septations (tPA) and 
�uid viscosity (DNase)—that drainage of infected material 
from within the pleural space can be successfully achieved.

In terms of everyday clinical practice, the results of 
the MIST2 trial11 while promising require replication on a 
larger scale before the routine use of combination intrapleu-
ral therapy (tPA and DNase) can be widely recommended. 
�ere are strong signals toward bene�t in key clinical out-
comes such as surgical referral rate and hospital stay,11 
but these measures have wide con�dence intervals and do 
not provide robust enough evidence. �e limited number 
of patients (n = 52) in the combination therapy arm also 
means a full description of the drugs’ safety pro�le is not 
possible. Instead, further and larger trials of this combina-
tion intrapleural therapy assessing nonradiological primary 
outcomes of clinical importance are both necessary and 
planned before widespread use in pleural infection becomes 
commonplace. For now, in the authors’ view, combination 
of tPA and DNase should be limited to those cases where 
conventional tube thoracostomy has failed and patients are 
not suitable for more established methods (i.e., thoracic sur-
gery) of clearing infected material from the pleural space.

 SAFETY PROFILE OF INTRAPLEURAL 
FIBRINOLYTICS

Potential side e�ects of �brinolytic therapy include 
hemor- rhage, pleuritic pain a�er drug administration, 
and fever.90,102,202 �ere have been a few case reports of 
both systemic and local hemorrhage a�er the adminis-
tration of intrapleural �brinolytics using both strepto-
kinase217–219 and tPA,220–222 but the majority of published 
studies report no increase in bleeding complica-
tions17,18,24,30,31,96,99,105,114,120,121,124,129,202,203 with these agents. 
Within the MIST1 cohort,10 there was a serious adverse 
event rate of 3% in the placebo arm and 7% of the streptoki-
nase arm, largely secondary to immunological reactions to 
the streptokinase and with no excess of bleeding complica-
tions.10 �ere was equally no signi�cant increase in bleeding 
complications between those patients receiving intrapleu-
ral tPA compared to placebo in the MIST2 trial.11 A retro-
spective case series223 assessing the use of intrapleural tPA 
in adults and children with multiseptated pleural e�usions 
(including pleural infection) did, however, propose a link 

between increased risk of intrapleural hemorrhage and the 
concurrent use of systemic therapeutic (full-dose) antico-
agulation, potentially due to a local synergistic e�ect at the 
pleural surface. �is increased risk was not seen in patients 
on prophylactic-dose anticoagulation alone.223

�e use of intrapleural streptokinase is speci�cally 
associated with the risk of systemic antigenic e�ects and 
thereby an alternative �brinolytic drug should be used 
for later clinical indications (e.g., myocardial infarction). 
Antistreptokinase immunoglobulin G detectable in blood 
a�er prior exposure to streptokinase or streptococcal 
infection is associated with reduced �brinolytic e�cacy 
and hence reduced success in achieving coronary reper-
fusion.224 Within the MIST1 study cohort,10 at 3 months 
there was a highly signi�cant rise in antistreptococcal 
antibodies in the streptokinase arm compared with pla-
cebo. Assessing whether the streptokinase is directly 
responsible for this is complicated by the fact that many 
pleural infections are themselves streptococcal and hence 
likely to induce an antibody response as a consequence of 
the bacterial infection itself. Currently, cautious best prac-
tice would seem to indicate that any subjects who have 
received intrapleural streptokinase should be managed 
as if they had received intravenous streptokinase. �ese 
patients should be given a streptokinase exposure card 
and an alternative �brinolytic agent used if necessary for 
future clinical indications.

Studies of whether �brinolytic drugs given into the pleu-
ral space induce systemic activation of �brinolytic mecha-
nisms are also reassuring. Systemic �brinolytic activation 
is best quanti�ed from the thrombin time, �brinogen lev-
els, and the presence of �brinogen degradation products. 
Two studies have assessed whether these change a�er the 
administration of intrapleural streptokinase. �ey studied 
a total of 26 patients with thrombin time, �brinogen lev-
els, and �brinogen degradation products being quanti�ed 
before and a�er the administration of up to 1.5 million 
units of intrapleural streptokinase given in repeated doses. 
Neither of these studies revealed any detectable changes in 
the coagulation indices when compared with baseline.225,226 
Similar work to assess the systemic e�ects of intrapleural 
tPA is awaited.

 SURGERY IN PLEURAL INFECTION

Medical therapy will fail in up to 30% of patients with 
pleural infection10,11,133 and in these cases onward refer-
ral for surgical intervention is necessary. However, there 
is no de�nitive data currently available that helps de�ne or 
predict the point at which a patient with pleural infection 
should proceed to surgical intervention. Previous observa-
tional studies have suggested that the presence of purulent 
�uid or loculation increase the chances of surgical inter-
vention,9,109,227 whereas other studies have not found these 
parameters to be predictive.10 It is likely that patients with 
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late �brinopurulent and organizing pleural infection will 
require surgical input to establish complete drainage and 
adequate lung reexpansion, although a proportion of these 
patients may require more than one operation228 and there 
remains no robust means of identifying which patients are 
most likely to bene�t.

Current management guidelines recommend that surgi-
cal referral be made if a patient with pleural infection fails 
to respond to medical therapy (e.g., signs of persistent sep-
sis) a�er 5 to 7 days21 Although traditional open thoracot-
omy with decortication remains available, a combination of 
greater operator experience, con�dence, and availability has 
now made VATS the �rst-line surgical option in patients with 
pleural infection. A recent meta-analysis229 appears to justify 
this changing practice, suggesting superiority in terms of 
postoperative morbidity, complications, and overall length 
of hospital stay, with equivalence in terms of resolution of 
disease. VATS o�ers the further advantage of being poten-
tially feasible under analgosedation alone230 and being acces-
sible to a more elderly or physiologically frail population 
who might not have been �t enough for open thoracotomy 
previously.231 �is modi�cation and “so�ening” of surgi-
cal practice is further demonstrated by observational work 
suggesting that debridement alone as opposed to extensive 
pleural decortication might achieve similar results in pleural 
infection without compromising overall clinical outcome.232

Consequently, there exists a substantial body of clinical 
opinion that advocates early, even �rst-line surgical interven-
tion in all cases of pleural infection on the basis that it results 
in improved clinical outcome and ultimately shorter hospital 
stay.2,79,233–235 �is, however, needs to be taken in the context 
of the fact that the vast majority of patients with pleural infec-
tion can be successfully managed medically, with only 18% 
of patients in the MIST1 trial10 and 11% in the MIST2 trial 
failing this approach. Unselected front-line surgical inter-
vention would, therefore, subject the majority of patients to 
an operation they would not have required. �oracic surgery 
is not without side e�ects and morbidity, including periop-
erative and anesthetic risks and complication rates of up 
to 20%.2,79 As part of these complication rates, a number of 
patients initially put forward for VATS will require conver-
sion to open thoracotomy with the attendant risks including 
chronic pain236 and increased perioperative morbidity and 
mortality.112 Most importantly the majority of data support-
ing early surgical intervention is retrospective in its nature 
and therefore subject to selection bias, with two recently pub-
lished large case series from the United States2 and United 
Kingdom,79 respectively, demonstrating that patients taken 
for thoracic surgery tend to be younger (50 vs. 60 years of age) 
with less comorbidity than an unselected population admit-
ted to hospital with pleural infection.10,11

�ere are two randomized prospective trials comparing 
VATS to intercostal drainage in association with �brino-
lytics for pleural infection in adults84,89 (Table 23.8). Wait 
et  al. randomized patients to either VATS or chest tube 
drainage with intrapleural streptokinase. Twenty patients 
were randomized, 9 to chest tube with �brinolytics, and 

11 to  VATS. Five of the nine patients treated with chest 
tube and �brinolytics failed to resolve with medical ther-
apy compared with only one of the patients randomized to 
VATS.84 However, the positive result in this trial is actu-
ally attributable to the very high failure rate in the medi-
cal therapy arm of 53%,84 compared with approximately 
20% in most other studies. Furthermore, the primary 
outcome (clinical response at 3 days postrandomization) 
was assessed in an unblinded manner, which renders the 
result liable to substantial observer bias while the study 
was underpowered to assess the outcome it was trying to.

Bilgin et al.89 subsequently performed a larger pro-
spective randomized trial comparing VATS to chest tube 
drainage in 70 adult subjects with pleural infection. A sig-
ni�cantly lower proportion of patients undergoing VATS 
as primary therapy required subsequent thoracotomy and 
decortication (17% vs. 37%, p < .05) and VATS was associ-
ated with a shorter hospital stay.89 However, the decision 
to proceed to thoracotomy was not made blind to initial 
treatment allocation, and details of the chest tube only 
group (e.g., size of chest tube, use of regular �ushes to 
maintain drain patency, suction and �brinolytic admin-
istration) are not described, meaning that robust conclu-
sions for the role of early surgery cannot be made on the 
study results.

Interestingly, there is greater evidence available on the 
use of VATS for pleural infection in the pediatric population. 
A study aggregating the previous retrospective evidence on 
VATS in children suggested an overall lower in hospital 
mortality rate from primary operative management com-
pared with primary tube drainage,237 but the pooled papers 
reviewed were highly likely to su�er from selection bias 
being nonrandomized. �ere are, however, three random-
ized studies assessing the use of VATS in pediatric pleural 
infection105,121,204 with con�icting results (Table 23.8). Kurt 
et al. 105 compared primary VATS with primary chest tube 
drainage in 18 patients, with �brinolytic therapy permit-
ted in both limbs a�er initial intervention. �ey found a 
decreased length of hospital stay, decreased tube dwell time, 
and decreased analgesic use in the VATS group.105 However, 
in a larger study, Sonnappa et al. 121 randomized 60 chil-
dren to VATS or chest tube with urokinase. No di�erence 
in terms of hospital stay, failure rate, or radiological out-
come at 6 months was seen between the groups, with VATS 
being substantially more expensive ($11,000 vs. $9,000).121 
St. Peter et al.204 randomized 36 children to either VATS or 
chest tube with tPA. �ey demonstrated no therapeutic or 
recovery advantages between surgical and medical manage-
ment for pleural infection, with no di�erence in length of 
hospital stay, analgesic requirements, oxygen requirements, 
or resolution of fever.204 �ere was however, as in the study 
by Sonnappa et al.,121 an increased �nancial charge with 
VATS ($11,700 vs. $7,600).204 Consequently, although fur-
ther investigation is required to fully elucidate the role of 
VATS in pediatric empyema, the two largest randomized 
studies performed to date121,204 show no clinical bene�t and 
a cost harm for the front-line use of VATS.
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Surgery for pleural infection remains a crucial interven-
tion and is clearly life-saving in a signi�cant number of 
patients. However, there remains a lack of robust and con-
vincing prospective randomized data to support its use as a 
�rst-line intervention in all patients with pleural infection; 
indeed, the data from pediatric studies121,204 would suggest 
that in an unselected population it has no clinical bene�t 
and incurs a greater �nancial cost. Nonetheless, large-scale 
retrospective case series2,79 suggest that surgical interven-
tion may ultimately reduce mortality from pleural infec-
tion—albeit in a younger population that may have a better 
outcome regardless of treatment choice. As such, larger and 
more robust prospective randomized trials are both vital 
and necessary to provide evidence as to whether surgery can 
truly improve key clinical outcomes in either all or selected 
patients with pleural infection.

 OTHER INTERVENTIONS IN PLEURAL 
INFECTION

MEDICAL THORACOSCOPY

Medical thoracoscopy (thoracoscopy performed under local 
anesthestic and sedation, usually by a pulmonogist) is com-
monly used in the investigation and management of patients 
with suspected malignant pleural disease;238 consequently, 
there is now increased interest in its use for infected pleu-
ral e�usions. A recent retrospective series92 looked at 127 
patients treated with medical thoracoscopy as primary ther-
apy for multiloculated pleural infection identi�ed at thoracic 
ultrasound. �is included cases of failed conventional chest 
tube drainage, and “successful” treatment was achieved with 
medical thoracoscopy as primary therapy in 91% of cases, 
with a 6% thoracotomy conversion rate.92 A subsequent 
smaller case series (n = 41) from a separate group reported 
similar results,239 whereas a surgical unit have also reported 
successful treatment of pleural infection using VATS under 
analgosedation—essentially analogous to medical thora-
coscopy.230 Although inherently attractive as a therapeutic 
option, providing a means by which septations could be 
divided mechanically and a chest tube placed under direct 
vision to ensure optimal position and drainage, there are no 
prospective randomized or comparative studies available to 
de�ne the role of medical thoracoscopy in managing pleu-
ral infection. �is is a concern as failure of this intervention 
is likely to result in conversion to an open thoracic surgical 
procedure. Further studies are needed to elucidate the role 
of medical thoracoscopy in the treatment of pleural infec-
tion, ideally in the �rst instance recruiting in centers with 
signi�cant expertise in this technique and on-site access to 
thoracic surgical support where necessary. �ere is currently 
an open recruiting study in Europe to directly address this 
question.

BRONCHOSCOPY

A small number of patients with pleural infection have a 
proximal obstructing lesion as the cause of their disease. In 
a U.K. series of 119 cases, 40% underwent bronchoscopy and 
bronchial disease was identi�ed in only �ve (<4% of the total 
sample).8 Bronchoscopy is, therefore, not routinely appro-
priate in these patients.21 However, failure of the empyema 
to resolve or clinical or radiographic features of bronchial 
obstruction should indicate either thoracic CT or bronchos-
copy to identify any bronchial pathology.

NUTRITIONAL SUPPORT

Adequate nutrition was identi�ed as a key aim of therapy and 
an important determinant of outcome in pleural infection 
during the World War II. Unfortunately it is still sometimes 
overlooked while complex modern therapies such as adjunc-
tive intrapleural agents and early minimally invasive surgery 
(VATS) receive much attention. Patients with pleural infec-
tion characteristically su�er the protracted catabolic conse-
quences of chronic infection, including immunode�ciency 
and slow recovery. In one series of 80 patients with infected 
pleural �uid, a low blood albumin level was the most impor-
tant determinant of a fatal outcome.240 It is, therefore, essen-
tial to provide adequate nutritional support from the time 
of diagnosis. �is may require nasogastric or occasionally 
intravenous feeding in more frail or vulnerable patients.

 SPECIAL CIRCUMSTANCES IN PLEURAL 
INFECTION

 THE PATIENT WITH PERSISTENT 
SEPSIS WHO IS UNFIT FOR GENERAL 
ANESTHESIA

�e frail patient who is at poor risk for general anesthesia 
or who declines surgical intervention despite failure of their 
pleural infection to resolve with standard medical therapy 
(i.e., chest tube drainage and antibiotics) presents a particular 
clinical challenge. �ere are several options available in this 
situation. It is advisable to reimage the thorax (o�en with CT) 
to evaluate the position and size of any residual pleural col-
lections. Placement of additional image-guided drains may 
then be possible. �is is particularly useful if individual 
loculations are present, which do not appear to be commu-
nicating with the previously drained main cavity. Changing 
the bore of catheter from small to large (or vice versa) where 
other options are not available is reasonable, given that it is 
not clear whether one or the other is clinically superior in this 
situation. In addition to these measures, careful review of the 
microbiology is required with a consideration of a change in 
antimicrobials in culture-negative cases.
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If general anesthesia is not feasible, it may still be  possible 
in highly experienced hands to carry out drainage of the 
infected pleural collection under VATS using analgosedation 
or less-invasive methods.230,232 Alternatively, open drainage 
by rib resection under local anesthesia can be performed. 
�is procedure may be more appropriate for patients who 
have a high operative risk241 and allows the surgeon to ensure 
that all intrapleural loculations are broken down by mechani-
cal means, before inserting a large-bore drain under direct 
vision to allow dependent drainage.25 �e large bore tube can 
be connected to a colostomy bag to allow the patient to leave 
hospital in due course, if appropriate, while patients should 
be aware that complete healing following this technique can 
take several months. Open window thoracostomy as devised 
by Eloesser,242 forming a skin-lined track connecting the 
infected pleural space to the outside world to allow continued 
drainage, can also be used. More recently, long-term indwell-
ing pleural catheters have been used for the chronic manage-
ment of recurrent malignant pleural e�usion,243 and although 
there is no current data, these may have a role in the treatment 
of pleural infection where conventional surgical options are 
not possible; the patient wishes to avoid either rib resection or 
open window thoracostomy and/or the responsible clinician 
wishes to facilitate the patient’s discharge from hospital.

Given the positive results of the MIST2 study,11 it seems 
rational to o�er intrapleural tPA and DNase to such patients 
who are not recovering with standard medical therapy, but 
who are un�t for surgical intervention; however, it should 
be accepted that this is not proven or standard treatment.

 PLEURAL INFECTION IN PATIENTS WITH 
HUMAN IMMUNODEFICIENCY VIRUS 
(HIV) INFECTION

As with all other respiratory infections, the clinical fea-
tures of empyema in subjects with HIV infection or any 
other cause of immunosuppression di�er from those in 
the immunocompetent host. Patients with HIV infec-
tion are at risk of pleural infection caused both by the 
usual pathogens and a range of opportunistic organ-
isms. �e clinical presentation is similar to that in HIV-
negative subjects, with fever, cough, chest pain, shortness 
of breath, and weight loss occurring frequently.244 In a 
U.S. study of 599 HIV-positive individuals requiring at 
least one period of inpatient care over a 3-year period, 
three-quarters of infectious e�usions were due to com-
mon pneumonia pathogens, 15% were due to tuberculo-
sis, and 7% to Pneumocystis carinii (jirovecii).245 In areas 
with a high prevalence of tuberculosis (such as Africa), 
tuberculosis can account for about half of all pleural 
infections. In this setting, the mortality can be as high as 
33%.14 Other opportunistic infections reported to cause 
pleural infection and empyema in HIV-positive subjects 
include Salmonella paratyphi, Listeria spp, Cryptococcus 
neoformans, Corynebacterium parvum, and Rhodococcus 
equi.244,246–250 A recent study assessed patients with HIV 

treated surgically for pleural infection.251 Twenty-�ve 
 percent of patients in this study presented with pleu-
ral infection as the �rst manifestation of HIV/acquired 
immune de�ciency syndrome. �e microbiology associ-
ated was broadly similar to that in immunocompetent 
individuals with a predominance of gram-positive patho-
gens, but organisms such as fungi (Candida), tuberculosis, 
and P. carinii (jirovecii) were more commonly seen.251

 CLINICAL OUTCOME PREDICTION IN 
PLEURAL INFECTION

Pleural infection is on the increase in both adults and chil-
dren and continues to be associated with a high mortality 
and morbidity in adults particularly. Surgery is associated 
with its own risks and morbidity2,79,112,236 but may also be a 
crucial intervention in a subset of patients with more resis-
tant or aggressive disease. Intrapleural �brinolytics and in 
particular combination therapy with tPA and DNase may 
also improve outcomes such as length of hospital stay and 
drainage,11 but is costly and has a limited evidence base to 
justify wider clinical use. Identifying patients with pleural 
infection at baseline who may have a worse prognosis from 
their condition is potentially extremely valuable, allowing 
these individuals to be directed toward more aggressive or 
costly therapies (such as early surgery or use of intrapleural 
�brinolytics) that might improve their otherwise poor clini-
cal outcome.

�e challenges in predicting clinical outcome in pleu-
ral infection are illustrated by the case of a previously �t 
19-year-old female patient who presented with a 2-day 
history of illness and a pleural e�usion, which was acidic 
(pH  6.8) but otherwise remarkably innocent looking. �e 
�uid was Gram-smear and culture-positive for Streptococcus 
pneumoniae. She had no pleural thickening on thoracic 
CT scan and was promptly treated with tube drainage and 
broad-spectrum intravenous antibiotics. Despite this she 
rapidly deteriorated and required surgical drainage only 
36 hours later. By way of contrast, in one series of 26 patients 
who underwent thoracoscopy for supposedly chronic pleu-
ral infection of at least 3 weeks duration, over 50% had no 
evidence of intrapleural scar tissue—being still at the �bri-
nopurulent stage of their infection.75

Most studies that have tried to identify robust predic-
tors of clinical outcome in pleural infection have unfor-
tunately been confounded by marked variations in patient 
management that are themselves likely to have in�u-
enced patient outcome (although whether for good or 
ill is o�en unknown). �ese reports have variably sug-
gested that frankly purulent �uid,9 comorbid diabetes,19 
delayed referral for pleural drainage,97,252,253 the presence 
of pleural �uid loculation,227 and (counterintuitively) a low 
pleural �uid white cell count227 may all predict clinical out-
come. �e only prospective study available where clinical 
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management was delivered to all patients with pleural 
infection according to a consistent protocol9 managed 85 
subjects with a standardized regimen of antibiotics, chest 
tube drainage, and intrapleural streptokinase. In this 
study, the only statistical predictor of outcome was frankly 
purulent �uid at presentation and even this was not statis-
tically or su�ciently discriminatory to be of any true clini-
cal use.9 Furthermore, subsequent data from the MIST1 
study10—which remains the largest randomized study of 
pleural infection to date—showed no association between 
either �uid purulence or the presence of loculation with 
poor clinical outcome.

Developing a simple, reliable, and sensitive clinical 
prediction model that can be applied at baseline presenta-
tion in pleural infection, therefore, remains a priority. A 
recently published paper254 has attempted to derive such 
a model from the MIST1 study10 dataset—subsequently 
validated against the MIST2 study dataset11—and identi-
�ed age, renal impairment (serum urea), serum albumin, 
hospital-acquired infection, and nonpurulence of �uid as 
being predictors of poor outcome at baseline presentation. 
Such a model and mode of derivation has its limitations—in 
particular, the backward selection method and potentially 
selective nature of the dataset being used—but nonethe-
less represents the most concerted e�ort yet to risk stratify 
patients with pleural infection. A large multicenter prospec-
tive observational study of pleural infection is currently 
under way to try and both validate and if necessary re�ne 
this risk strati�cation score.

FUTURE DIRECTIONS

It remains unclear why certain patients have a predilec-
tion to develop pleural infection, and both laboratory and 
clinical studies (including genomic analysis) may help us 
understand why this is the case in due course. �is is likely 
to require the advanced understanding of both the organ-
isms involved in causing pleural infection, and the host 
immune and in�ammatory responses to these pathogens. 
�e use of molecular techniques such as bacterial nucleic 
acid ampli�cation for the diagnosis of pleural infection 
o�ers great promise but further work is still necessary to 
re�ne this technique and allow laboratory �ndings to be 
correlated directly with clinical condition and subsequent 
treatment.

Although the majority of patients with pleural infec-
tion can be managed successfully with conventional med-
ical treatment (chest tube drainage and antibiotics), there 
remain a signi�cant minority in whom this is not the case. 
Being able to identify this patient population at baseline 
presentation who will go on to have a poor outcome from 
their pleural infection is crucial as it will allow the tar-
geting of more novel and aggressive therapies. �e use of 

combination intrapleural �brinolytic therapy with tPA 
and DNase shows great promise but needs to be assessed 
in a larger prospective randomized study addressing key 
nonradiological clinical outcomes. �e increasing avail-
ability of VATS has transformed the place of thoracic sur-
gery in pleural infection, but when and in whom it should 
be used remains unclear in the absence of any robust 
 randomized trial data. Further evaluation of medical tho-
racoscopy in pleural infection as an alternative interven-
tion to surgery—potentially in the more physiologically 
frail patient—is also required. Above all else, �nding a 
means by which the patients who are most likely to ben-
e�t from these more invasive therapies can be identi�ed at 
the time of presentation and diagnosis must be a clinical 
research priority.
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KEY POINTS

 ● Pleural TB is the second most common form of extra-pulmonary TB.
 ● In TB endemic countries, pleural TB is one of the most common causes of unilateral pleural e�usions.
 ● �e number of TB bacilli in the pleural �uid in TB pleuritis is typically very low.
 ● Symptoms are heterogeneous and do not di�erentiate TB pleuritis from other illnesses.
 ● Pleural e�usions due to TB are usually unilateral associated with some parenchymal abnormalities.
 ● �e pleural �uid analysis typically is lymphocyte predominant with low mesothelial cells and is exudative with 

elevated total protein, elevated LDH, and low glucose.
 ● AFB smear and culture yield of the pleural �uid is low.
 ● �e sensitivity of nucleic acid ampli�cation testing on the pleural �uid is also limited.
 ● Adenosine deaminase and unstimulated interferon-gamma are useful biomarkers for the evaluation of pleural TB 

with good sensitivity although somewhat limited speci�city. 
 ● �e gold standard for the diagnosis of pleural TB is a pleural biopsy with tissue AFB smear, AFB culture, and 

pathology examination to evaluate for caseating granulomas.
 ● Antimicrobial treatment for pleural TB is the same standard regimen as recommended for pulmonary TB.
 ● Unless a TB empyema is present, surgical drainage of a TB pleural e�usion is not needed.

EPIDEMIOLOGY OF PLEURAL 
 TUBERCULOSIS

Tuberculosis (TB) continues to be a major health problem 
globally, currently ranking as the second most common 
cause of death due to an infectious disease, a�er only HIV/
AIDS.1 Despite curative therapy being available for decades, 
it is estimated that TB caused nearly 9 million new cases 
and 1.4 million deaths in 2011.1 TB has a well-established 
deadly synergy with HIV infection and 13% of all TB cases 

are estimated to be in people living with HIV (up to 40% 
in certain African regions).1 Moreover, TB in HIV-infected 
patients results in a disproportionate number of deaths.1

�e ability of Mycobacterium tuberculosis (MTb) to 
spread via a respiratory route along with its propensity to 
a�ect poverty-stricken populations has led TB to be a sig-
ni�cant health problem in many low- and middle-income 
countries. India and China account for almost 40% of the 
world’s TB cases, but the incidence of the disease is gener-
ally highest in sub-Saharan Africa (Figure 24.1).1 TB can 
also be a problem within a low-burden country, especially 



332 Effusions from infections: Tuberculosis

in remote and underserved areas (e.g., Aboriginal popula-
tions in Canada) or con�ned populations (e.g., prisoners in 
Russia) where the socioeconomic conditions support the 
spread of TB and the available care is limited.2,3

Although pulmonary parenchymal disease is the most 
common presentation of TB, 20%–25% of people have extra-
pulmonary TB (EPTB) as their presenting feature.4,5 Pleural 
TB (also called TB pleuritis) is classi�ed as extrapulmonary 
only when it occurs in the absence of concomitant pulmonary 
disease. However, concomitant pulmonary  parenchymal 
involvement is present in up to 50% of pleural TB cases.6,7 

A�er lymph node disease, pleural TB is generally the second 
most common cause of EPTB (Table 24.1).4,8–13

�ere is a geographic variance in the prevalence of pleu-
ral TB. In North America, pleural TB accounts for 3%–5% 
of all TB cases, while in other regions it represents up to 
20% of all TB cases (consistently high percentages have been 
reported from the southeast Asian subcontinent, although 
the reasons are unclear).4,5,11,14–18 �ere is also an age dif-
ferential as TB pleuritis represents a higher proportion of 
TB cases in adolescents and young adults but is uncommon 
in children under 5 years.7,19 �e overall age  distribution 

Table 24.1 Percentage of anatomic location of extrapulmonary tuberculosis

Study Peto 2009
Sandgren 

2013
Zhang 
2011b

Rodriguez 
2011

Gunal 
2011

Prakasha 
2013

Jamtsho 
2013

Location United 
States

EUa Denmark Spain Turkey India Bhutan

Total Patients 47,293 108,345 1,644 705 103 528 469
Lymphatic 40.4% 30.5% 49.1% 30.6% 9.7% 24.8% 41.6%
Pleural 19.8% 36.7% 13.6% 41.1% 10.7% 28.0% 30.5%
Bone or Joint 11.3% 9.0% 13.0% 5.8% 10.7% 12.3% 3.0%
Genitourinary 6.5% 6.9% 9.2% 7.0% 27.2% 4.4% 3.0%
CNS 5.4% 3.4% 2.6% 4.1% 19.4% 12.5% 1.5%
Peritoneal or 

 Gastrointestinal
4.9% 2.6% 5.6% 4.5% 9.7% 9.7% 9.8%

Other 11.8% 10.9% 6.9% 6.8% 12.6% 8.3% 10.7%
a   EU = European Union.
b  Fifty-two percent of patients of Somali or Asian origin.

0–24
25–49
50–149
150–299
> 300
No estimate
Not applicable

Estimated new
TB cases (all forms)
per 100 000 population

Estimated TB incidence rates, 2011

Figure 24.1 Tuberculosis incidence according to estimates of the World Health Organization. (From WHO, Global 
 Tuberculosis Report, 2012, 1–89, 2012. Reproduced with permission.)
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also  varies by TB prevalence with a higher percentage  of 
pleural TB cases  in elderly patients in low-prevalence 
 countries.4,14–18,20–22 Independent of age, TB should always 
be considered in the di�erential diagnosis of a unilateral 
pleural e�usion, particularly in endemic countries where it 
can be the most common cause of any pleural e�usion.16,23

In general, although TB pleuritis is more commonly 
associated with primary infection, the degree to which 
pleural TB is associated with primary infection or reactiva-
tion disease seems to depend on TB incidence. In regions 
with a high TB incidence, TB pleuritis is most commonly 
seen in the setting of primary infection, whereas in coun-
tries with lower TB incidence, a larger proportion of cases is 
associated with reactivation disease.15,17,18,20,22,24

�ere is a male predominance noted in most stud-
ies with roughly two-thirds of pleural TB reported in 
males.4,5,14,18, 20–22,24 It is unclear if this is partly due to selec-
tion bias in the study populations due to di�erential health-
care access versus an underlying biological predisposition.25

Studies have shown that pleural TB is more common 
in HIV-infected patients.7,26,27 HIV-infected patients may 
have proportionally more pleural TB due to the higher inci-
dence of TB in this population, combined with a tendency 
to develop EPTB. It appears that HIV-infected patients with 
higher CD4 counts are more likely to develop e�usions, 
which is physiologically plausible since TB pleuritis is usu-
ally caused by a hypersensitivity reaction mediated by the 
immune system.28 HIV-infected patients with pleural TB 
also have a higher rate of concomitant pulmonary in�ltrates 
than HIV-negative patients with pleural TB.7,29

 PATHOPHYSIOLOGY OF 
 PLEURAL TUBERCULOSIS

Pleural e�usions typically form due to increased formation 
of �uid in the pleural space, decreased removal of �uid from 
the pleural space, or a combination of the two processes. In 
the case of pleural TB, there is physiologic reason to believe 
that both processes are at play in most patients.

As mentioned above, pleural TB can be a manifestation of 
both primary TB infection and of reactivation disease. �e 
initial event by which a pleural e�usion forms in primary 
TB is thought to be the rupture of a subpleural focus of MTb 
infection into the pleural space followed by a delayed hyper-
sensitivity reaction to the MTb proteins or by-products in 
the area.30 �is mechanism is supported by the �ndings of a 
subpleural caseous focus in many patients with pleural TB 
as well as radiology �ndings of pleural lesions in >50% of 
patients with tuberculous pleural e�usions.31,32

Support for the role of a delayed hypersensitivity reaction 
in  the e�usion formation comes from studies showing exu-
dative e�usions developing in guinea pigs when tuberculous 
protein, without live bacteria, is injected into the pleural 
space.33,34 In addition, anti-lymphocyte serum suppresses the 
development of pleural e�usions in the same guinea pigs.34 
Further supporting the idea that tuberculous pleural e�usions 

are at least in part immune-mediated and may have minimal 
numbers of tuberculous bacilli present is the consistent �nd-
ing that these e�usions are usually smear microscopy nega-
tive for acid-fast bacilli (AFB) and even mycobacterial culture 
and nucleic acid ampli�cation tests (NAAT) of the pleural 
�uid generally have a lower sensitivity than in other forms of 
EPTB.20,35

�e delayed hypersensitivity reaction in pleural TB causes 
increased permeability in pleural blood vessels leading to pro-
tein crossing into the pleural space, causing the formation of 
an exudative pleural e�usion.30 At the same time that pleu-
ral �uid formation is occurring at a higher rate, pleural �uid 
removal can be impaired by TB triggered lymphocytic pleuri-
tis obstructing the lymphatic system of the parietal pleura.30 
TB is also known for localizing to regional lymph nodes, and 
congestion of lymphatics with the bacilli itself may contrib-
ute to impaired lymphatic removal as TB is one of the known 
infectious causes of lymphatic thrombosis.36

In contrast to the above mechanisms, TB empyema is 
a much less common but distinct process that is caused by 
chronic active infection by MTb bacilli in the pleural space.6 
It is usually caused by progression of a primary tuberculous 
pleural e�usion, direct spread from regional lymph nodes, or 
hematogenous spread.6 TB empyema usually contains a large 
number of TB bacilli and is usually grossly smear positive.37

�e cascade of the immune response in TB pleuritis starts 
with local neutrophils releasing chemotaxins, which recruit 
mononuclear cells to the pleural space.38 Meanwhile, pleu-
ral mesothelial cells are stimulated by TB proteins to express 
adhesion molecules, which facilitate monocyte migration 
across the pleural mesothelium.39 Monocytes then act as 
 antigen-presenting cells to attract several CD4+T-helper cell 
subsets, such as �1 cells, �17 cells, and regulatory T cells.40,41 
�is interaction, which is stimulated by the interaction of toll-
like receptor (TLR) 2 with numerous TLR-ligands expressed 
by MTb, occurs via the monocyte major histocompatibility 
complex (MHC) class II molecules and the CD4+T cells.42

It has also been recently described that pleural meso-
thelial cells can themselves act as antigen-presenting cells 
that  promote the di�erentiation of �22 cells.43 Although 
CD8+T cells also arrive to the area, this stimulated CD4+T 
response is more robust.44 CD4+T cells are responsible for 
producing most of the interferon-gamma (IFN-γ) and tumor 
necrosis factor alpha (TNF-α) in the immune response to 
MTb. Both cytokines are vital to the control of MTb with 
IFN-γ activating macrophages and increasing their anti-
gen presentation and TNF-α leading to further CD4+T cell 
activation and di�erentiation.42,43 However, prolonged TLR 
signaling and expression of IFN-γ and TNF-α can result in 
a downregulation of the immune response by decreasing 
MHC class II expression and antigen presentation.42

�e above molecular interactions explain the previously 
noted �nding that tuberculous pleural e�usions are initially 
predominantly polymorphonuclear leukocytes but 24 hours 
a�er the development of in�ammation the cellular pro�le 
becomes mostly monocytic until day 4, a�er when the �uid 
is predominantly marked by  lymphocytes.45
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 CLINICAL PRESENTATION OF PLEURAL 
TUBERCULOSIS

�e clinical presentation of TB pleuritis is relatively het-
erogeneous and descriptions vary widely from one study 
to another. �is is likely due to variation in the epidemiol-
ogy of the study populations. It may also be due to varia-
tion in what is labeled “pleural TB,” as some studies restrict 
this term to TB pleuritis with no evidence of pulmonary 
involvement while others include any pleural e�usion in a 
patient with TB regardless of other areas of TB involvement. 
�e degree to which diagnostic data are available varies 
between studies, as does the proportion of HIV-coinfection 
(Table 24.2).

TB pleuritis is most commonly an acute condition of less 
than 60 days duration.7,15,31,46 A shorter duration of symp-
toms is typically seen when the pleural e�usion is the result 
of primary TB infection.17,24,46 In general, when TB pleural 
e�usions are present in conjunction with active pulmonary 
in�ltrates, symptoms are more common, longer in dura-
tion, and more severe.7

Fever is a very common �nding in TB pleuritis and is pres-
ent on average in 75% of cases.15,20,31,46 (Table 24.2). Cough 
is also common with a large number of studies describing 
proportions higher than 75%, although in some studies this 
might re�ect undetected parenchymal disease.15,18,20,29,31,46 
Chest pain that is o�en described as pleuritic in nature is 
documented in more than 50%.15,18,20,29,31,46,47 When cough 
and chest pain appear together, chest pain typically pre-
cedes cough.30

Other symptoms that can be seen with TB pleuritis 
are less consistently reported. Night sweats can be seen in 

just over 50%.7,15,46,47 Weight loss is present in 25%–85% of 
cases.20,22,29,46,47 �e �nding of dyspnea is likely in�uenced 
by the size of the pleural e�usion and is reported on average 
in 50% of cases with TB pleuritis.7,18,20,22,47

�e presentation of pleural TB is modulated by the e�ect 
of HIV. Some published work indicates that patients with 
HIV and pleural TB are more likely to be symptomatic at 
presentation and have a longer duration of symptoms.46,48 
HIV patients are also more likely to have disseminated dis-
ease outside the pleura.46,48 Finally, the presentation also 
varies with the level of HIV-related immunosuppression 
as patients with lower CD4 counts are more likely to have 
mediastinal lymphadenopathy on chest x-ray and addi-
tional AIDS-de�ning illnesses.28,29

Since many patients will have initial investigations done 
as part of the workup, it is worth considering the results of 
common basic testing as part of the clinical presentation. 
Laboratory studies of the blood will show a normal white 
blood cell (WBC) count in >90% of patients.15,29,31 A tuber-
culin skin test is usually unreliable in this setting as it cannot 
distinguish between active TB disease and latent infection, 
and it is positive on average in only two-thirds of patients, 
especially in a population suspected of having primary dis-
ease or in the HIV-infected population.7,20,46 Blood-based 
interferon-gamma release assays have the same limitation 
as the tuberculin skin test and cannot distinguish active TB 
from latent infection.49

Because the presentation of TB pleuritis is heteroge-
neous, a high degree of clinical suspicion must be held for 
any patient, and especially a younger adult in an endemic 
region, who presents with a unilateral pleural e�usion and 
any of the above signs that could be consistent with the 
diagnosis of pleural TB.

Table 24.2 Percentage of symptoms in pleural tuberculosis

Study Qiu 2006
Arriero 
1998

Moudgil 
1994

Barbas 
1991

Richter 
1994

Luzze 
2001

Ibrahim 
2005 Kim 2006

Location United 
States

Spain Scotland Brazil Tanzania Uganda Qatar South 
Korea

Total 
Patients

95 129 39 44 112 142 100 106

HIV 12.6% 0.0% — — 58.0% 76.8% 1.0% —
Male 71.6% 57.4% 69.2% — 54.5% 55.6% 94.0% —
Primary TB — 76.0% 35.9% — 77.7% — 78.0% 24.5%
Fever 61.1% 83.7% 25.6% 93.2% 80.4% 53.5% 89.0% 54.7%
Weight loss 46.3% 33.3% 41.0% 77.3% 86.6% 88.0% 57.0% 26.4%
Night 

sweats
53.7% — 33.3% 52.3% 75.0% — 58.0% —

Cough 68.4% 76.7% 82.1% 63.6% 88.4% 84.5% 87.0% 70.8%
Chest pain 38.9% 88.4% 64.1% 93.2% 83.9% 86.6% 59.0% 50.9%
Dyspnea 48.4% 52.7% 56.4% 63.6% 90.2% 77.5% 32.0% 55.7%
PPD- 

positive
68.4% 55.8% — — 68.8% — — —

Note: Empty cells represent data that were not reported in the study.
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 DIAGNOSIS OF PLEURAL 
 TUBERCULOSIS

 RADIOLOGY OF PLEURAL  TUBERCULOSIS

Chest imaging in the context of tuberculous pleuritis shows 
a unilateral e�usion in roughly 90% of cases.15,17,18,21,22,24,29 
�e e�usion is typically mild to moderate in size21,31 
 (Figure 24.2b). If parenchymal �ndings are present as well 
(20%–30% of cases on chest x-ray but up to 90% when chest 
computer tomography [CT] is used); then they typically 
occur on the same side.21,31,32,50

PLEURAL FLUID BIOCHEMICAL ANALYSIS 
AND CELL COUNTS

�e speci�c evaluation for pleural TB o�en begins with a 
thoracentesis to obtain pleural �uid. On visual examina-
tion, the pleural �uid appears straw colored.51 �e pH is 
typically below 7.4 and in one-��h of cases below 7.3.52

Biochemical analysis shows a protein concentra-
tion that is greater than 5.0 g/dL (50 g/L) in about half 
of cases and almost universally greater than 3.0 g/dL 
(30 g/L).14,21,31,53 Pleural glucose concentrations are usually 
below 100 mg/dL (5.6 mmol/L) but may be much lower, in 
particular in a chronic e�usion or empyema.31,52 �e pleu-
ral �uid  lactate dehydrogenase (LDH) level is elevated in 
 approximately 75% of cases, with levels commonly exceed-
ing 500 IU/L.14,31,52,53

�e pleural �uid cell count averages 2000 cells/mm3 but 
can be as low as several hundred cells.21,53 Lymphocytes 
typically predominate, averaging around 80% of the cells 
present.21,53 However, if a pleural �uid analysis is done 
early in the course of disease a neutrophil  predominance 

may be observed for reasons outlined in the section 
“Pathophysiology of Pleural Tuberculosis”.38 A paucity 
of mesothelial cells (<5%) has long been described as a 
 characteristic of TB pleuritis; however, in HIV patients 
high mesothelial cell counts may be observed.54–57 Eosino-
phil counts above 10% are highly unlikely, unless a pneu-
mothorax is also present or a thoracentesis was recently 
performed.30

MICROBIOLOGICAL TESTS

Pleural �uid smear microscopy for AFB is positive in less 
than 5% of cases, and cultures provide a positive result on 
average in 40% of cases.21,24,58 Culture yield is improved if 
pleural biopsy specimens are also cultured, with up to 76% 
being culture positive.14,21,51 Microbiological diagnosis may 
be more sensitive in HIV patients as liquid and solid cul-
tures consistently provide a higher yield in HIV-infected 
individuals.29,59,60 �is is thought to be due to a higher 
organism burden in the pleural cavity of HIV-infected 
individuals. A  lower CD4 count correlates with a higher 
likelihood of �nding MTb in the pleural �uid or the pleura 
itself.60

 NUCLEIC ACID  AMPLIFICATION TESTS

NAATs for evaluation of TB in pleural e�usions appear to 
have high speci�city but relatively low sensitivity. In a meta-
analysis of commercial NAATs in HIV-negative patients, a 
sensitivity of 62% and a speci�city of 98% were observed for 
the diagnosis of tuberculous pleuritis.35 �is suggests utility 
as a rule-in test.

�e biggest recent advance in TB NAATs is the devel-
opment and rollout of Xpert MTB/RIF (Cepheid Inc, 
Sunnyvale, CA), a novel automated molecular test that is 

(a) (b) (c)

Figure 24.2 Radiographic findings of pleural tuberculosis. Patient presented with a positive PPD and underwent a chest 
x-ray (a), which was unremarkable. Three months later he developed fever and chest pain, and repeat chest x-ray showed 
a pleural effusion (b). Thoracentesis showed acid-fast bacilli on smear, which were subsequently confirmed to be Myco-
bacterium tuberculosis. (c) Incomplete resolution of the pleural effusion with residual pleural thickening after 6 months of 
therapy. (Reproduced and adapted from Rabinovitch B and Pai M, GP Clinics, 4(1), 21–29, 2013.)
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FDA-approved and WHO-endorsed for use in sputum. 
�is test can detect both MTb (with a sensitivity of 98% for 
smear-positive and 68% for smear-negative and speci�city 
of 98%) and rifampin resistance (sensitivity 94%, speci�c-
ity 98%) at the same time.61 Xpert MTB/RIF has also been 
evaluated on pleural �uid and biopsy specimens. In pleural 
�uid, Xpert has low sensitivity (25%–50%) across a number 
of studies with consistently high speci�city.62 In contrast to 
TB culture, Xpert’s performance in one small study was not 
improved even when used on pleural biopsy  specimens.63 
�erefore, while a positive NAAT result is helpful in ruling 
in pleural TB, a negative result cannot be used to rule out 
pleural TB.

HISTOPATHOLOGY

�e histopathological �nding of pleural necrotizing case-
ating granulomas averages 50%–80% sensitivity for the 
diagnosis of TB pleuritis.14,21,51 When histopathology is 
combined with culture of the pleural biopsy, this combi-
nation is considered the gold standard for diagnosis of TB 
pleuritis with up to 95% sensitivity.51 �us, a pleural biopsy 
has substantial added value for diagnosis over the evalu-
ation of pleural �uid alone. In high-prevalence countries, 
sensitivity can be further increased by including granulo-
mas (rather than just necrotizing granulomas) as a diag-
nostic criterion, although this comes at the expense of 
speci�city. In HIV-infected patients, histopathological 
examination may be less sensitive, particularly in patients 
with low CD4 counts.28,46,57,64 Increasing the number of 
pleural biopsies does not necessarily increase the diagnos-
tic yield, as tuberculous pleuritis, in contrast to a pleural 
malignancy, is a di�use process.65

BIOMARKERS

Several biomarkers in the pleural �uid have been evaluated 
for the diagnosis of pleural TB.

Adenosine deaminase

Adenosine deaminase (ADA) is released by activated 
lymphocytes and is a nonspeci�c marker of in�amma-
tion. ADA is measured by its enzymatic activity using the 
simple Giusti–Galanti method in pleural �uid.66,67 ADA 
exists in the form of two isoenzymes.68 ADA-2, produced 
by macrophages and monocytes, is the predominant form 
present in TB pleural e�usions.69,70 Meta-analyses sum-
marizing more than 100 studies have shown that ADA 
has a sensitivity of 88%–100% and speci�city of 83%–97% 
for diagnosis of pleural TB (with cut-o�s varying from 
30–70 IU/L).67,69,71,72 ADA also remains a sensitive marker 
of TB e�usions in HIV patients with very low CD4 cell 
counts.57,73

Interferon-gamma

Interferon-gamma (IFN-γ) is a dimerized soluble  cytokine 
with pro-in�ammatory properties, which is secreted by 
�1 cells, cytotoxic T cells, and NK cells.74 Meta- analyses 
show that free, unstimulated IFN-γ in pleural �uid, 
 measured by ELISA or radioimmunoassay (with cut-o�s 
varying from 1.5 to 300 pg/mL) is 89%–96% sensitive and 
96%–97% speci�c for the diagnosis of pleural TB.69,71,75,76

In contrast, interferon-gamma release assays (IGRAs) 
that detect a stimulated IFN-γ response to TB-speci�c anti-
gens (i.e., ESAT-6 and CFP-10) have limited sensitivity and 
speci�city (low seventies for sensitivity and high seventies 
for speci�city) and o�en produce indeterminate/invalid 
results when used on pleural �uid samples. �us, IGRAs 
cannot be recommended for use in the diagnosis of pleu-
ral TB.77,78–80 Like the tuberculin skin test, IGRAs on blood 
are also limited by their inability to di�erentiate between 
active disease and latent TB infection and therefore have no 
utility in the diagnosis of pleural TB, especially in endemic 
countries with a high background prevalence of latent TB 
infection.79

Other biomarkers have been evaluated with variable 
results (Table 24.3 and Figure 24.3). ADA and IFN-γ are 
currently the most accurate nonspeci�c biomarkers for 
pleural TB diagnosis, with consistently high sensitivity 
in many studies. However, these tests are o�en not stan-
dardized or widely available. Because of the limitations 
of biomarkers, scoring systems that combine individual 
markers and patient characteristics have been developed 
with higher discriminating ability than isolated biomark-
ers.92–95 No scoring system, however, is widely used in rou-
tine practice.

 TREATMENT OF PLEURAL  TUBERCULOSIS

Isolated TB pleuritis o�en resolves even without treatment.30 
However, almost two-thirds of patients later develop active 
TB (pulmonary or extrapulmonary) as demonstrated in two 
studies of armed forces personnel who were followed over 
time without treatment in Europe and America.96,97

Antituberculous therapy of pleural TB does not di�er 
from that for pulmonary TB (standard �rst line therapy 
with 2 months of isoniazid, rifampin, pyrazinamide, 
and ethambutol, followed by 4 months of isoniazid and 
rifampin) and should be, where possible, informed by 
culture-con�rmed diagnosis with drug-susceptibility test-
ing to guide the choice of drugs. Table 24.4 shows the con-
ventional treatment dosages for drug-susceptible TB, per 
the WHO guidelines and International Standards for TB 
Care.98,99

Treatment of HIV-infected individuals with pleural 
TB follows the treatment of non-HIV-infected individu-
als, although a recent systematic review of treatment of all 
forms of TB in HIV-infected patients suggested that a  longer 
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Figure 24.3 Schematic representation of pathways and systems involved in biomarkers for pleural tuberculosis. ADA, 
 adenosine deaminase; IFN-γ, interferon-gamma; ESAT-6, early secreted antigenic target; CFP-10, culture filtrate 
 protein 10; TNF-α, tumor necrosis factor alpha; IL-6, interleukin-6. (From Trajman A et al., Eur Respir J, 31(5),1098–1106, 
2008. With permission.)

Table 24.3 Biomarkers in pleural tuberculosis

Biomarker Characteristics Performance characteristics Reference

Lipoarabinomannan 
antigen (LAM)

Glycolipid of cell wall of 
Mycobacterium 
tuberculosis (MTb)

Sensitivity low (<10%); good specificity (93%); 
limited data

81

IP-10 (IFN-γ-induced 
protein)

Small chemokine 
secreted by several 
cell types in response 
to IFN-γ

Sensitivity of 83% and specificity of 86% and 
high positive likelihood ratio (However, 
questionable whether detection of IP-10 
would offer significant additional benefit over 
IFN-γ alone given that the two markers are in 
one pathway)

82,83

C-reactive protein (CRP) Marker of inflammation 
and tissue injury

Values obtained in tuberculous pleuritis fall in 
between those found in parapneumonic 
effusions (lower) and malignancies (higher)

84,85

Lysozyme Present in epithelial 
cells of granulomas

Varying results. In a large study by Valdes et al. 
clearly inferior to ADA and IFN-γ with a 
sensitivity of 85.7% and specificity of 61.6%

86

Interleukin 6 (IL-6) Cytokine Varying results 87,88
TNF-α Cytokine Not likely to add sensitivity or specificity over 

IFN-γ
87,89

Interleukin 27 (IL-27) Cytokine Sensitivity of 92.7% and specificity of 99.1% but 
further confirmatory studies are necessary

90



338 Effusions from infections: Tuberculosis

duration of rifampin (≥8 months) might be associated with 
improved treatment outcomes.100 �e most important step 
in the treatment of HIV-infected individuals is the start 
of anti-retroviral therapy to reconstitute the immune 
 system.100

Systematic reviews summarizing the clinical data on 
corticosteroid use in pleural TB show inconsistent results. 
Although one systematic review dedicated to adjunctive 
corticosteroids in pleural TB did not �nd su�cient data 
to support their use, another recent review suggested 
reduced mortality with the use of corticosteroids for 
all forms of TB.101,102 However, the �ndings in the latter 
review were primarily driven by meningeal and pericar-
dial TB (80% of all deaths). At this time, corticosteroids 
cannot be routinely recommended in pleural TB, as the 
bene�t of decreasing the host in�ammatory response 
might be outweighed by increasing the vulnerability to 
other infections.

Drainage of the pleural e�usion is not routinely rec-
ommended in patients with pleural TB and should only 
be considered for very dyspneic patients with large e�u-
sions103 �e one exception is a TB empyema where a 
chronic, purulent exudate is surrounded by thick, cal-
ci�c pleural rind. In this setting, surgical drainage is 
o�en needed, as antituberculous therapy cannot pene-
trate.37 Surgical decortication only becomes necessary if a 
trapped lung is present.37,104 Rarely, TB empyema can also 
be complicated by a chest wall infection (i.e., TB empyema 
necessitatis Figure 24.4).105,106

Pleural thickening is the most common sequelae from 
pleural TB (Figure 24.2c). However, chronic symptoms or 
functional limitations rarely occur unless extensive scar-
ring and calci�cation is present (Figure 24.5).107

Table 24.4 Doses of first-line antituberculosis drugs in adults and children

Drug Recommended dose in mg/kg body weight (range)

 Daily Three times weekly
Isoniazida

 Children 10 (10–15),b maximum 300 mg/day 10 (8–12), maximum 900 mg/dose
 Adults 5 (4–6), maximum 300 mg/day
Rifampicin
 Children 15 (10–20),b maximum 600 mg/day 10 (8–12), maximum 600 mg/dose
 Adults 10 (8–12), maximum 600 mg/day
Pyrazinamide
 Children 35 (30–40),b maximum 2000 mg/day 35 (30–40) maximum 3000 mg/dose
 Adults 25 (20–30), maximum 2000 mg/day
Ethambutol
 Children 20 (15–25),b maximum 1000 mg/day 30 (25–35) maximum 2400 mg/dose
 Adults 15 (15–20), maximum 1600 mg/day

Source: Table adapted with permission from The Tuberculosis Coalition for Technical Assitance. International Standards for Tuberculosis Care 
(ISTC), 3rd ed. Tuberculosis Coalition for Technical Assistance. The Hague, the Netherlands, 2014.
a Same dosing for treatment of active disease and treatment of latent tuberculosis infection.
b The recommended daily doses of all four antituberculosis medicines are higher in children than in adults, because the pharmacokinetics are 

different and to achieve the same plasma concentration as in adults, the doses need to be increased.

Figure 24.4 Tuberculosis empyema necessitatis computer 
tomography of the chest: hydro-pneumothorax with a 
collapsed right lung and a chest wall mass. The chest 
wall mass was thought to be communicating with the 
intrathoracic fluid collection. The Hounsfield units of the 
fluid in the thorax as well as in the chest wall mass were 
most suggestive of purulent material. The pleural lining 
appeared thickened. The lung parenchyma showed small 
diffuse infiltrates predominantly in the lower lungs fields 
on the left side.
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CONCLUSION

Pleural TB is a common presentation of TB and must be 
considered in the di�erential diagnosis of a pleural e�usion, 
especially in high burden countries. Pleural TB can be a pre-
sentation of either primary or reactivation TB and in up to 
50% of cases presents with concomitant pulmonary disease. 
Diagnosis can be di�cult and pleural biopsy for culture and 
histopathology represents the gold standard. NAATs may 
be helpful, if positive, but cannot be used to rule out pleural 
TB. Tests for latent TB infection (tuberculin skin test and 
IGRAs) have no clinical value. Treatment generally does not 
di�er from pulmonary TB, and signi�cant long-term com-
plications are rare. Because of the prevalence of pleural TB 
and the associated diagnostic di�culties, the diagnosis of 
pleural TB remains an area in need of continued scienti�c 
investigation and resource investment.
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Effusions from atypical infections

LISETE R. TEIXEIRA AND FRANCISCO S. VARGAS

KEY POINTS

 ● Pleural diseases due to atypical infections are uncommon.
 ● Majority of these infections are considered opportunistic infections and are most commonly seen in immunosup-

pressed patients with AIDS, malignancies, or chronic diseases.
 ● Although pleural fungal infections represent less than 1% of all pleural e�usions, the identi�cation of these patients 

is essential for e�ective treatment.
 ● A search for the etiologic agent is important since mycobacteria, fungi, and the higher bacteria (Actinomyces and 

Nocardia) produce similar clinical, radiographic, and pleural �uid �ndings.
 ● �e use of appropriate diagnostic tests including pleural biopsy and serologic techniques are current approaches to 

the management of atypical pleural e�usions.
 ● �e microbiological study should be done on the pleural �uid. �e microbiological evaluation of sputum, blood, or 

lung tissue also might contribute to the �nal diagnosis.
 ● �e speci�c fungi treatment is done with the azoles derivatives or with amphotericin B.
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INTRODUCTION

Although pleural e�usions due to atypical infections are 
uncommon, it is important to identify early and correctly 
the etiological agent because e�ective treatments are avail-
able. Four groups of agents are usually involved: fungi, bac-
teria, parasites, and viruses.

FUNGI

Pleural disease associated with fungal infection represents 
less than 1% of all pleural e�usions.1
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CANDIDIASIS

Candida sp. is the most common etiological agent in fungal 
pleural empyema (Figure 25.1); C. albicans is found in more 
than 50% of cases.2 Empyema has been related to gastro-
pleural �stula, spontaneous esophageal rupture and a�er 
chest or abdominal surgeries, and the isolation of Candida 
species can be an important clue in these cases.3 Candida 
empyema thoracis is a complication of invasive candidiasis 
with high mortality.4

�e pleural �uid is an exudate yellowish and turbid or 
frankly purulent with high levels of lactate dehydrogenase 
and low levels of glucose. �e diagnosis is estabelished by 
positive pleural e�usion culture or presence of fungus in 
pleura.1,4,5

Caspofungin, voriconazole, or micafungin have been 
suggested to be e�ective and less toxic than amphotericin 
B.4 In patients with poor control of the infection, decortica-
tion of pleura can be tried.6

ASPERGILLOSIS

Several causes including tuberculosis, malignant diseases, 
granulocytopenia, and the use of corticosteroids, cytotoxic 
agents, and multiple antibiotics have been implicated in the 
development of aspergillosis.7 A case of eosinophilic empy-
ema in a patient with asthma and allergic bronchopulmo-
nary aspergillosis was recently described.8

An extremely rare e�usion characterized as a black pleu-
ral e�usion can be caused by Aspergillus niger.9

�e route of pleural infection is through a bronchopleu-
ral or a pleurocutaneous communication. Aspergillus can 
reach the structures adjacent to the pleura, resulting in 
osseous involvement or the appearance of cutaneous empy-
ema necessitatis.1

�e pleural e�usion is an exudate or an empyema 
with symptoms of fever, dyspnea, productive cough, or 
 hemoptysis.1 When colonies of hyphae (Figure 25.2) are seen 
in the pleural �uid or in histologic sections (pleural biopsy), 

a presumptive diagnosis can be made, but it should be 
 con�rmed by culture. Immunological tests serve as impor-
tant aids in the diagnosis, particularly in patients with 
negative cultures. �e detection of circulating antibodies or 
Aspergillus antigens is useful in establishing the etiology.10

Systemic antifungal agents, as oxiconazole, voriconazole, 
and micafungin have therapeutic bene�ts in patients with 
invasive fungal infections.7,11 Decortication or pleuropneu-
monectomy is associated with a high rate of postoperative 
complications.12

CRYPTOCOCCOSIS

�e genus Cryptococcus (Figure 25.3), which is found 
throughout the world, contains many species, but only 
C.  neoformans is considered a human pathogen, and it 
rarely produces pleural e�usions. Some predisposing con-
ditions are malignant lymphoma, diabetes mellitus, renal 
failure, treatment with immunosuppressive drugs, and 
AIDS  infection.13,14 Although extremely rare, patients under 
hemodialysis can develop cryptococcal pleuritis.15

Figure 25.1 Candidiasis: Photomicrograph (Groccot 
stained cytocentrifuge preparation, ¥400) showing 
 isolated or clustered pseudohyphae and spores.

Figure 25.2 Aspergillosis: Photomicrograph (Groccot 
stained cytocentrifuge preparation, ¥400) showing a large 
number of septate hyphae.

Figure 25.3 Cryptococcosis: photomicrograph  (hematoxylin 
and eosin stained cytocentrifuge preparation, ¥400) 
 showing a large number of fungi inside the macrophages.
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�e organism is usually found in bird excreta that have 
accumulated over long periods. �e respiratory tract is 
thought to be the major portal of entry for C. neoformans. 
�e pleural involvement appears to occur from extension of 
a subpleural pulmonary cryptoccocal nodule into the pleu-
ral space.10,14

�e e�usion, usually unilateral, is associated with 
underlying lung parenchymal lesions, interstitial in�ltrates, 
masses, alveolar consolidation, and lymphadenopthy. �e 
�uid is an exudate, frankly bloody or serosanguinous; lym-
phocytes are the predominant cells in 50% of cases. Culture 
of the �uid is positive in about half of the patients; in the 
remaining cases, the diagnosis is made by histological study, 
culture of lung tissue, or identi�cation of cryptococcal anti-
gen in the blood, pleural �uid, or cerebrospinal �uid.14

Antifungal agents such as amphotericin B, �uconazole, 
or voriconazole are recommended.10,14,16

COCCIDIOIDOMYCOSIS

Coccidioidomycosis is caused by the fungus Coccidioides 
immitis, endemic in certain areas of the Americas. In 
the Southwestern United States, it is endemic with about 
100,000 cases annually.17 However, the number of cases has 
been increasing as a result of tourism and turnover of mili-
tary personnel.18

Coccidioidomycosis is acquired by inhalation of spores; 
the incubation period is usually 10–16 days and approxi-
mately 60% of infections are asymptomatic.18,19 �e symp-
toms are usually self-limited (�u-like illness) with recovery 
usually a�er 3–6 weeks. Hematogenous dissemination 
tends to occur in patients with underlying diseases.18,19

Pleural e�usion has been reported in 7%–20% symp-
tomatic cases; it is usually le�-sided, small, and clears com-
pletely in a few days. �e pleural �uid is exudative with a 
predominance of mononuclear cells. �e diagnosis is made 
by culture, serology, and/or skin testing. �e pleural biopsy 
may reveal the presence of granulomas, sometimes with 
caseation; however, culture of the biopsy is the most sensi-
tive test, with yields approaching 100%. Pleural �uid cul-
tures are positive in only about 20% of patients.1,18

Chronic or residual pleural e�usion is seen in about 3% 
of cases. Empyema may follow the pleural e�usion or may 
result from rupture of a chronic pulmonary lesion.18

Speci�c local management of patients having pleural 
e�usions is not required; empyema should be treated by 
chest tube drainage and exceptionally with surgery. Medical 
treatment consists of the administration of amphotericin B 
or the azoles.20

HISTOPLASMOSIS

�e etiological agent Histoplasma capsulatum is a dimor-
phic fungus, whose growth is favored in warm humid soils 
containing high concentrations of chicken, pigeon, or bat 
feces. It is an endemic mycosis in certain areas of America, 
East Asia, Oceania, Africa, and in the Middle  East. 

In Europe, the sporadic cases reported were imported from 
the endemic areas.21 In the United States it is considered the 
most prevalent endemic mycosis that can present as dis-
seminated infection.22

Histoplasmosis is acquired through inhalation of air-
borne spores and is almost never transmitted from person 
to person. �e granulomatous in�ammatory response to H. 
capsulatum in immunocompetent hosts generally resolves 
the infection over several weeks.23

�e H. capsulatum organism (Figure 25.4) rarely pro-
duces pleural e�usion, which in general is unilateral and 
small. �e e�usion is caused by contiguous spread from the 
lung parenchyma, by hematogenous spread, or by simultane-
ous pericardial infection. Pleural involvement is associated 
with an in�ammatory response as a result of hypersensitiv-
ity to an H. capsulatum antigen. �e �nal result is the devel-
opment of a pleural e�usion.21,24

Associated symptoms of pleuritis include chest pain, 
fever, anorexia, and malaise. �e pleural �uid is exudative, 
characterized by a high protein concentration with a pre-
dominance of lymphocytes.24

De�nitive diagnosis requires positive cultures, serologi-
cal tests, or antigen detection in serum, pleural �uid, or 
urine.23,25

In the normal host, the pleural e�usion is self-limited 
and generally resolves without speci�c therapy. However, 
slow resolution, fungal empyema, bronchopleural �stula, 
and extensive pleural �brosis requiring pleurectomy have 
also been observed. Medical treatment includes antifungal 
drugs and corticosteroids.24

BLASTOMYCOSIS

Human blastomycosis, caused by Blastomyces dermatitidis, 
occurs principally in the Ohio and Mississipi River valleys, 
United States. Although the disease is commonly known as 
North American blastomycosis, it has been reported from 
other continents.10

Figure 25.4 Histoplasmosis: Photomicrograph  (hematoxylin 
and eosin stained  cytocentrifuge  preparation, ¥400) 
showing a large  number of fungi inside the giant cells.
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�e respiratory tract is the portal of entry in pulmonary 
blastomycosis, clinically characterized by fever, chills, cough, 
and pleuritic chest pain. Pleural thickening is common (88%), 
while pleural e�usion is rare (2%–15%).10,26 �e pleural �uid 
is an exudate with a mix of lymphocytes and neutrophils. 
A cytological examination showing the characteristic yeast 
forms is considered diagnostic. However, the usual method 
for diagnosis is culture, which takes 2–6 weeks. �e accuracy 
of the pleural biopsy is around 59%.1,26

�e South American blastomycosis, caused by 
Paracoccidioides brasiliensis rarely causes pleural e�u-
sion. Anecdotal cases have been reported. �e pleural 
e�usions may be unilateral or bilateral with small amount 
of �uid.27 �e treatment includes antifungal drugs and 
trimethoprim–sulfamethoxazole.23,27

SPOROTRICHOSIS

Sporotrichosis is caused by the fungus Sporothrix schenckii, 
which is found in decaying vegetation, sphagnum moss, and 
soil. �e usual mode of infection is by cutaneous inoculation 
of the organism. Infection can be related to zoonotic spread 
from infected cats or scratches from digging animals.28

Extracutaneous manifestations are unusual. Pulmonary 
sporotrichosis has rarely been reported; when present, it 
simulates tuberculosis.28

Treatment includes local measures, solution of potas-
sium iodide, azoles, polyenes, and allylamines.28,29

BACTERIA

ACTINOMYCES AND NOCARDIA

Pleural disease caused by Actinomyces (anaerobic) or 
Nocardia (aerobic) o�en resembles disease caused by myco-
bacteria or fungi.

Actinomycosis

Human actinomycosis is caused mainly by Actinomyces 
israelii, a normal commensal of the oropharynx. �e tho-
racic infection is caused by aspiration associated with peri-
odontitis or following dental procedures. Alcohol abuse 
may increase the risk because it increases the likelihood of 
aspiration.30

�oracic actinomycosis is more common among males, 
mainly during the ��h and sixth decades of life. �e lung 
lesion is suppurative with necrosis and abscess forma-
tion. �e prevalence of pleural e�usion is between 50% 
and 80%.30,31

�e clinical picture is similar to that observed in tuber-
culosis or fungal infections. �e chest radiograph shows an 
in�ltrative consolidation with multiple cavities associated 
with pleural thickening or e�usion. Actinomyces may attach 
to the pleura and grow by direct invasion, producing a pleural 
e�usion; destruction of ribs or  vertebrae is uncommon.30,31

�e pleural �uid is exudative with a predominance of 
lymphocytes or an empyema with a predominance of poly-
morphonuclear leukocytes. Sulfur granules in the pleural 
�uid are strongly suggestive of actinomycosis (Figure 25.5). 
�e granules are yellow-white on inspection and appear as 
irregular masses of branched, gram-positive �laments.1,31 
�e �uid is an important source for isolation of the organ-
isms; it should be Gram-stained and cultured anaerobically.

�e local management of pleural e�usion includes dra-
naige and in some cases decortication. �oracic surgery is 
not uncommon since the characteristics of pleural �uid are 
in general an empyema.32 �e speci�c treatment consists of 
prolonged administration of high doses of antibiotics.1,30

Nocardiosis

Nocardiosis13 is usually caused by Nocardia asteroides, 
a gram-positive aerobic bacteria. Other pathogenic human 
species include N. brasiliensis and N. caviae. Nocardia 
species are not human commensals; their presence in the 
upper respiratory tract should be considered as evidence 
of infection. �ey produce an acute, subacute, or chronic 
pneumonia.13,33

�e signs and symptoms of nocardiosis include anorexia, 
weight loss, dyspnea, cough with purulent sputum and 
occasionally hemoptysis. �e presence of pleuritic pain 
suggests pleural involvement. Patients with pleural disease 
(25%–50% of cases) usually have parenchymal in�ltrates 
and cavitation.13,34

�e pleural �uid ranges from a serous exudate to frank 
pus. When Nocardia are not identi�ed in the pleural �uid, 
bronchoscopy provides material for identi�cation. �e 
presence of N. asteroides in the sputum does not mean the 
presence of pulmonary disease; 45% of patients with posi-
tive culture did not have radiographic abnormalities. If 
nocardiosis is suspected clinically, transbronchial biopsy, 
 percutaneous lung aspiration, needle biopsy, or open lung 
biopsy must be performed.34

Figure 25.5 Actinomycosis: Photomicrograph 
 (hematoxylin- and eosin-stained cytocentrifuge 
 preparation, ¥400) showing sulfur granules.
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Sulfonamides or trimethoprim–sulfamethoxazole com-
bined with linezolid can be drugs of choice. �e antibiotics 
are used in conjunction with appropriate surgical manage-
ment of the pleural e�usion.13,33,35

CHLAMYDIA AND RICKETTSIAE

�ese organisms are grouped together because of their 
small size, the association with eukaryotic cells, and the 
similarity of identi�cation techniques.

�e Chlamydiae are among the more common patho-
gens and have been related to multiple diseases, including 
respiratory infections. �e order Rickettsiales includes a 
very diverse group of microorganisms. Characterizations at 
the molecular level demonstrate a relationship between the 
genera Coxaiella and Rickettsiae, excluded from this clas-
si�cation is the genus Ehrlichlia.10

Q fever

Q fever is due to the rickettsial agent Coxiella burnetti. It is 
acquired by the inhalation of contaminated dust particles 
or by drinking infected and unpasteurized milk.10 Half of 
patients do not exhibit any respiratory symptoms and one-
third have pleuritic chest pain.36,37 Pleural e�usion is usu-
ally a mononuclear exudate, small and found in 10%–35% 
of patients. �e related increase of adenosine deaminase 
(ADA) activity is probably due to the lymphocytic activa-
tion. �e diagnosis is established by a positive C. burnetti 
complement �xation reaction. �e treatment of choice is tet-
racycline or its derivatives (minocycline and doxycicline).1,36

Rocky Mountain spotted fever

�e causative agent is Rickettsia rickettsii, which is acquired 
by humans through tick bite. �e reports of pleural e�u-
sions are restricted to the southeastern and coastal Atlantic 
states of North America. �e clinical picture manifests 5 or 
7 days a�er the contact and is characterized by the triad of 
fever, rash, and a history of tick exposition. Pleural e�u-
sion and pulmonary in�ltrate are present in 10%–36% of 
patients. �e treatment of choice is doxycycline.1,37,38

Ehrlichiosis

�ere are two human ehrlichial diseases: the monocytic 
caused by Ehrlichia chaffeensis and the granulocytic caused 
by Human granulocytic ehrlichia. �e disease is not uncom-
mon. �e symptoms begin 7 days a�er a tick bite and are 
characterized by high fever, headache, myalgias, nausea, 
vomiting, and anorexia. Monoclonal antibodies have been 
used to detect the organism.39

Pulmonary in�ltrates and a pleural e�usion develop in 
approximately 50% of patients. �e in�ltrates probably rep-
resent noncardiogenic pulmonary edema with a pathogen-
esis similar to the hantavirus syndrome. �e treatment of 
choice is tetracycline or doxycycline.1,39

MYCOPLASMA PNEUMONIAE

�e organism is a small bacterium derived from ancestral 
anaerobic bacteria (clostridia). Small pleural e�usion occurs 
in 5%–20% of patients; empyema is a rare complication.1,40,41 
�e pathogenesis of pleural e�usion is unclear, but it is spec-
ulated that the presence of M.  pneumoniae DNA may elicit 
stronger immunologic reaction causing lung damage, with 
IL-8 and IL-18 playing a role in the reaction.1,40 �e diagno-
sis is established by increasing speci�c antibody titers or by 
isolating M. pneumoniae from the pleural �uid.41,42

It is important to note that frequently the association 
between M. pneumonia and other pathogens increases the 
di�culty of both predicting the responsible agents and 
choosing empiric treatment.41,42

Macrolides are the drugs of choice. No speci�c treatment 
is necessary for pleural e�usion; however, a diagnostic tho-
racentesis should be performed to exclude a complicated 
parapneumonic e�usion.40–42

ANTHRAX

Anthrax, a soil-borne disease considered a neglected zoo-
nosis, is caused by the bacterium Bacillus anthracis. In some 
countries, such as Georgia, the incidence is increasing and 
represents a public health risk.43 �e use of anthrax as a bio-
logical weapon in the United States in 2001 was a landmark 
for this disease. However, the mortality from inhalational 
anthrax was signi�cantly lower than had been reported his-
torically, which was attributed in part to early identi�cation 
and timely treatment.44

In humans, the bacillus enters the body through the skin, 
by ingestion of contaminated meat, or by the inhalation of 
spores, resulting in cutaneous, gastrointestinal, or inhala-
tional anthrax.44

A prodromal syndrome is characterized by �u-like 
symptoms including dyspnea, cough, fever, chest pain, 
myalgia, and fatigue. Later, patients can develop pulmo-
nary in�ltrates, pleural e�usion, enlarged mediastinum, or 
mediastinal lymphadenopathy. Diagnosis of anthrax inha-
lation during a nonspeci�c prodromal illness is di�cult.44,45

�e pleural �uid is in general a serosanguineous exu-
date.37,44 Diagnosis is con�rmed when the anthrax bacillus 
is obtained in blood cultures, bronchial washings, or pleural 
�uid specimens or in DNA ampli�cation testing.44

Treatment is based on antibiotics, drainage of pleural 
�uid, and supportive therapy.44

PARASITES

AMEBIASIS

Amebiasis, a parasitic disease caused by Entamoeba his-
tolytica, is common in third-world countries. Humans 
acquire the disease by ingesting the cyst; then the 
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trophozoites develop, colonize the intestine, migrate to 
the liver, and give rise to liver abscess.1 A solitary rup-
ture into the pleural cavity producing a pleural e�usion is 
much less common than directly into the lungs. Generally 
the pleural e�usion is unilateral; however, sporadic cases 
have been reported as bilateral.46 �e pleural �uid is 
described as “chocolate sauce” or “anchovy paste”with 
ruptured liver abscess.1

Symptoms include dyspnea, cough, and pleuritic chest 
pain with an abrupt worsening when a transdiaphragmatic 
rupture occurs.

�e diagnosis is con�rmed by the pleural �uid appear-
ance, and by serologic test for amebiasis. Trophozoites are 
seen in the exudative �uid in less than 10% of patients.1,46

�e treatment of choice is metronidazole plus a thera-
peutic thoracentesis or tube thoracostomy. One-third of 
patients also has a bacterial infection of the pleural space, 
and this should be treated with antibiotics.1

ECHINOCOCCOSIS: HYDATIDOSIS

Human echinococcosis is caused by three species of 
Echinococcus: E. granulosus (producing cystic hydatic in 90% 
of cases), E. multilocularis and E. vogeli.10 When feces contain-
ing the parasite’s eggs are ingested by humans, larvae emerge 
in the duodenum, enter the blood and lodge in the liver or 
in the lung. Echinococcus has a worldwide distribution; how-
ever, it is seen more o�en in sheep- and cattle-raising areas.1

�e organs most commonly a�ected are the liver and 
the lungs. Pleural involvement is rare; it may be secondary 
to hematogenous dissemination of the larvae. However, it 
usually follows the rupture of a pulmonary or hepatic cyst 
releasing its contents into the pleural cavity. Since the cyst 
is not fertile a�er rupture in about 90% of cases, pleural 
hydatidosis is rare (less than 10% of cases). When the cyst 
ruptures into the pleural space, the patient becomes acutely 
ill, with chest pain, dyspnea, and occasionally goes into 
shock. In about 50% of patients, the rupture occurs simul-
taneously into the pleural space and into the tracheobron-
chial tree.47

In endemic areas the diagnosis is usually apparent from 
the clinical picture, radiological �ndings, and results of 
serological and skin tests. In non-endemic areas, the diag-
nosis is suspected only a�er the cytological examination 
of the pleural �uid demonstrates echinococcal scoleces. 
Eosinophils are frequently present in the pleural �uid, 
unless it becomes secondarily infected.1,48

In patients with a rupture of a hydatid cyst, a thora- 
cotomy to remove the parasite is recommended. �e 
introduction of povidone–iodine with the purpose of 
 pressure- collapsing the cyst wall has been described with 
favorable results.49 In patients with poor clinical status per-
cutaneous drainage and systemic treatment is an alterna-
tive therapy.49

Medical treatment with benzimidazole compounds such 
as mebendazole or albendazole should be considered as a 
supplement.1,48

PARAGONIMIASIS

Paragonimiasis is caused by numerous species of lung 
�ukes; the pulmonary form is the most common pre-
sentation of Paragonimus westermani and Paragonimus 
miyazakii. It is a food-borne parasitic disease common in 
southeast Asia.50

Humans acquire paragonimiasis by eating under-
cooked crustaceans contaminated with metacercariae of 
the worm. Adult lung �ukes can live in the human host 
for as long as 20 years, highlighting the need for clinicians 
to be aware of the disease in areas where the disease is not 
endemic.1,50

In pulmonary paragonimiasis, pleural disease occurs in 
approximately 60% of patients. �e pleural involvement is 
represented in 60% by pleural e�usion (80% unilateral), in 
30% by hydropneumothorax (half are bilateral), and in 10% 
by pleural thickening. In a few cases, pleural e�usion can be 
an empyema due to bacterial infection. Pleural paragoni-
miasis should be suspected in oriental patients or in patients 
who have traveled to the Orient.1,51

�e diagnosis is made by detecting eggs in sputum, stool, 
bronchoscopic lavage, or biopsy specimens or by the pres-
ence of a positive anti-Paragonimus antibody test. �e pleu-
ral �uid is an eosinophilic exudate with low pH, low glucose, 
and high lactic acid dehydrogenase.1,51,52

�e levels of IgE and P. westermani-speci�c IgE and IgG 
immunoglobulins are elevated and higher in the pleural 
�uid than in the serum, suggesting that these antibodies 
are produced in the pleural space. Interleukin-5 concentra-
tions in pleural e�usions are higher in paragonimiasis than 
in transudates, empyema, lung cancer or tuberculosis and 
these levels are correlated with the percentage of eosino-
phils in peripheal blood and pleural �uid.1,51,52

�e drug of choice is praziquantel or bithionol. 
�oracotomy with decortication may be necessary when 
pleural surfaces are abnormally thickened.1,51,52

TRICHOMONIASIS

�ree species of Trichomonas can parasitize humans: 
T.vaginalis (cause of vaginitis), T. hominis (a nonpathogenic 
protozoan), and T. tenax (a rare cause of pulmonary disease, 
including pleural e�usion).10

In the few cases of pleural e�usion due to T. tenax, the 
characteristics of the patients are similar: alcohol abusers 
with poor oral hygiene. Despite its rarity, pleural infec-
tion with Trichomonas should be considered in high-risk 
patients such as those with cancer, chronic lung disease, and 
immunosuppression.53,54

Trichomonas present in the lung or in the pleural �uid 
is generally part of a mixed microbial �ora. A molecu-
lar method for species identi�cation in pleural �uid was 
recently described in a case report and review.54

Antibiotic therapy should include metronidazole 
(1.5 g/day) from 10 to 20 days.10,53
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LOIASIS

Human infection by the �larial parasite Loa loa is 
 characterized by migratory angioedema and subconjunc-
tival migration of adult parasites. Pulmonary involvement 
and pleural e�usion are rare. �e �uid is an eosinophilic 
exudate with micro�lariae.55,56

�e treatment strategy depends on the risk of adverse 
events related to the patient’s Loa micro�larial density. �e 
optimal treatment strategy for loiasis includes diethylcar-
bamazine, albendazole, or ivermectin.55,56

VIRUSES

Pleural e�usions caused by viral infections tend to be small 
and self-limiting. For these reasons, in the majority of cases, 
the �uid is not collected. Moreover, most hospitals are not 
prepared to identify the virus type. �ese facts explain why 
the e�usions usually are not recognized.

ADENOVIRUS

Pleural e�usion is observed in about 40% of patients prin-
cipally in infections with adenovirus types 3 and 7.1 �e ill-
ness is endemic throughout the year and occurs in all age 
groups although it is more common among school-age chil-
dren. In these cases not only a greater susceptibility but also 
a worsening of clinical conditions, including evolution to 
death, has been reported.57

�e �uid is a paucicellular exudate with a predominance 
of mononuclear cells. In the acute phase, thoracocentesis 
may reveal an increased number of polymorphonuclear 
leukocytes. �e diagnosis is established by documenting 
increasing complement �xation titers or culturing viruses 
from the �uid.1

Because of the common ocurrence of co-infection with 
M. pneumoniae and/or S. pneumoniae, empiric treatment 
with antivirals and antibiotics is recomended.41

HANTAVIRUS

Hantaviruses are members of the genus Hantavirus, carried 
by infected rodents and transmitted to humans who inhale 
excreta. �e person-to-person transmission of Hantavirus 
has been presumed in a few cases. Hantavirus causes two 
di�erent syndromes: the hantavirus pulmonary syndrome 
(southwestern United States) and the hemorrhagic fever 
renal syndrome (Asia and Europe).58

�e largest number of cases of hantavirus pulmonary 
syndrome has been reported from the “Four Corners” 
(New Mexico, Arizona, Utah, and Colorado), but there are 
con�rmed cases from all regions of the United States and 
Canada. �e entity results from infection with the named 
Muerto Canyon virus or Sin Nombre virus (without name), 
transmitted to humans via contact with infected deer mice 

(Peromyscus maniculatus). Edema and pleural e�usion are 
common.58

�e pleural �uid can be either a transudate during the 
initial phase (maximal cardiopulmonary dysfunction), or 
an exudate (recovery of cardiac function) due to capillary 
leaks. �e chest radiograph shows a normal-sized heart 
with bilateral in�ltrates and e�usions and the laboratory 
tests show the triad: thrombocytopenia, a le� shi� in the 
myeloid series, and large immunoblastoid lymphocytes.58,59

Nephropathia epidemica is a similar syndrome caused 
by a Hantavirus called Puumala hantavirus that is geneti-
cally related to the Sin Nombre virus. It is a mild and 
benign form of hemorrhagic fever with acute renal dys-
function.59 In a recent study, it was shown to have a higher 
frequency of pleural e�usion than observed in other viral 
infections.60

�e speci�c diagnosis is based on the determination of 
antibodies for IgM and IgG. �e treatment remains sup-
portive; however, it appears that intravenous ribavirin or 
amantidine are e�ective. �e use of methylprednisolone has 
been related to a better prognosis.59

CYTOMEGALOVIRUS

Although Cytomegalovirus (CMV) and P. carinii are 
the most common opportunistic infections in acquired 
immune de�ciency syndrome (AIDS) patients, the pres-
ence of a pleural e�usion is uncommon. Moreover, CMV-
infected cells are rarely identi�ed in the pleural �uid. �ese 
inclusions have been observed in the mesothelial cells, but 
they are not speci�c.61,62

HERPES VIRUS

Pulmonary infection with herpes simplex virus manifests 
as a pneumonitis especially in the immunocompromised 
host. �e presence of pleural e�usion is uncommon and 
the isolation of the viruses from the pleural �uid is rarely 
achieved. �e disease has been described predominantly 
in men with advanced human immunode�ciency virus 
(HIV) infection. In a recent report, infection by herpes 
simplex virus type I with multiple involvement of organs, 
including pleural e�usion, was detected in the necropsy of 
a newborn.63 �e exudative and lymphocytic pleural e�u-
sion shows a characteristic cytomorphological appearance, 
resembling an immunoblastic not Burkitt or Burkitt-like 
lymphoma and a clear immunophenotypic determination 
(non-B-, non-T-cell).64

HEPATITIS

Pleural e�usion in patients with acute viral hepatitis, is 
apparently uncommon. �e e�usion is an exudate with pre-
dominance of mononuclear cells, with hepatitis soluble anti-
gens. It is small and predominantly right-sided, and does 
not produce respiratory symptoms.1 In general, the pleural 
damage is auto-limited and it resolves spontaneously.65,66
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MONONUCLEOSIS

Infectious mononucleosis occurs in older children and ado-
lescents. Pulmonary in�ltrates are well recognized but pleural 
e�usion is uncommon.67 Diagnosis is usually made clinically 
in conjunction with a positive Monospot; Epstein Barr Virus 
(EBV) serology can be used to con�rm the diagnosis.68

�e pleural e�usion is small or large exudate with a pre-
dominance of lymphocytes; empyema has been described. 
Unilateral or bilateral e�usions are seen with approximately 
equal frequency. Most of the cases resolve spontaneously.67,68

DENGUE FEVER

Dengue fever is transmitted to humans by mosquitoes. 
�e chief manifestation is an increase in capillary perme-
ability with leakage of plasma. Pleural e�usion is common 
and generally is a bilateral small exudate; exceptionally, the 
pleural e�usion can be massive and thoracic drainage may 
be necessary.1,69

In endemic areas, the diagnosis of dengue should be con-
sidered in patients with pleural e�usion, fever, hemorrhagic 
manifestations, hepatomegaly, and thrombocytopenia.

REFERENCES

 1. Light RW. Pleural Diseases. 5th ed. Baltimore, MD: 
Lippincott Williams & Wilkins; 2007.

 ●2. Chen KY, Ko SC, Hsueh PR et al. Pulmonary fungal 
infection. Emphasis on microbiological spectra, 
patient outcome, and prognostic factors. Chest. 
2001;120:177–184.

 3. Ishiguro T, Takayanagi N, Ikeya T et al. Isolation 
of Candida species is an important clue for 
suspecting gastrointestinal tract perforation as 
a cause of empyema. Inter Med. 2010;49:1957–1964.

 4. Lin K, Liu Y, Ho P et al. Report of a 63-case series of 
Candida empyema thoracis: 9-year experience of 
two medical centers in central Taiwan. J Microbiol 
Immunol Infec. 2012;1684:171–175.

 5. Baradkar VP, Mathur M, Kulkarni SD et al. Thoracic 
empyema due to Candida albicans. Indian J Pathol & 
Microbiol. 2008;51:286–288.

 6. Mora Duarte J, Betts R, Rotstein C et al. 
Comparison of caspofungin and amphotericin 
B for invasive candidiasis. New England J Med. 
2002;347:2020–2029.

 7. Matsuda T, Koreeda Y, Mataki H et al. A case 
of aspergillus empyema successfully treated 
with combination therapy of voriconazole and 
micafungin: Excellent penetration of voriconazole 
and micafungin into pleural fluid. Inter Med. 
2010;49:1163–1169.

 8. Kirschner AN, Kuhlmann E, Kuzniar TJ. 
Eosinophilic pleural effusion complicating allergic 
bronchopulmonary aspergillosis. Respiration. 
2011;82:478–481.

 9. Saraya T, Light RW, Takizawa H et al. Black pleural 
effusion. Am J Med. 2013;126:1–6.

 10. Murray PR. Manual of Clinical Microbiology. 6th ed. 
Washington, DC: ASM Press; 1995.

 11. Yamada N, Kumada K, Kishino S et al. Distribution 
of micafungin in the tissue fluids of patients with 
invasive fungal infections. J Infect Chemother. 
2011;17:731–734.

 12. Regnard JF, Icard P, Nicolosi M et al. Aspergilloma: 
A series of 89 surgical cases. Ann ThoracSurg. 
2000;69:898–903.

 ♦13. George RB, Penn RL, Kinasewitz GT. Mycobacterial, 
fungal, actinomycotic, and nocardial infections of the 
pleura. Clin Chest Med. 1985;6:63–75.

 ♦14. Young EJ, Hirsh DD, Fainstein V et al. Pleural 
effusions due to Cryptococcus neoformans: A review 
of the literature and report of two cases with 
cryptococcal antigen determinations. Am Rev Respir 
Dis. 1980;121:743–747.

 15. Kinjo K, Satake S, Ohama T. Cryptoccal pleuritis 
developing in a patient on regular hemodialysis. 
Clin Nephrol. 2009;72:229–233.

 16. Izumikawa K, Zhao Y, Motoshima K et al. A case of 
pulmonary cryptococcosis followed by pleuritis in 
an apparently immunocompetent patient during 
fluconazole treatment. Med Mycol. 2008; 46: 595–599.

 17. Tonelli AR, Khalife WT, Cao M et al. Spherules, 
hyphae, and air-crescent sign. Am J Med Sci. 
2008;335:504–506.

 ♦18. Batra P. Pulmonary coccidioidomycosis. 
J Thorac Imaging. 1992;7:29–38.

 19. Chiller TM, Galgiani JN, Stevens DA. 
Coccidioidomycosis. Infect Dis Clin North Am. 
2003;17:41–57.

 20. Merchant M, Romero AO, Libke RD, Joseph J. 
Pleural effusion in hospitalized patients with 
coccidioidomycosis. Respir Med. 2008;102:537–540.

 21. Kapotsis GE, Daniil Z, Malagan K et al. A young 
male with chest pain, cough and fever. Eur Respir J. 
2004;24:506–509.

 22. Kadaria D, Muthiah MP, Sinclair SE. Unusual 
presentation of disseminated histoplasmosis. Tenn 
Med. 2012;105:39–40.

 23. Fraser RS, Muller NL, Colman N, Pare PD. 
Histoplasmosis. In: Diagnosis of Diseases of the 
Chest. 4th ed. Philadelphia, PA: W. Saunders 
Company; 1999: 876–890.

 24. Carter AB, Hunninghake GW. Massive pleural 
effusion in diffuse granulomatous disease. Chest. 
1997;112:284–288.

 25. Gravdahl DJ, Gardetto JS, Hurley JR et al. 
Pulmonary histoplasmosis producing a spindle cell 
“pseudotumor.” Am J Clin Pathol. 2011;136:410–415.

 26. Alvarez GG, Burns BF, Desjardins M et al. 
Blastomycosis in a young African man 
presenting with a pleural effusion. Can Respir J. 
2006;13:441–444.



References 351

 ♦27. Severo CB, Dall Bello AG, Oliveira FM 
et al. Pleural effusion an unusual feature of 
paracoccidiodomycosis: Report of two new 
cases with a systematic review of the literature. 
Mycophatol. 2013;175:323–330.

 ●28. Kauffman CA, Hajjeh R, Chapman R. Practice 
guidelines for the managenent of patients with 
sporotrichosis. Clin Infec Dis. 2000;30:684–687.

 29. Mahajan VK, Sharma NL, Shanker V et al. Cutaneous 
sporotrichosis: Unusual clinical presentations. 
Indian J Dermatol Venereol Leprol. 2010;76:276–280.

 ●30. Kobashi Y, Yoshida K, Miyashita N et al. Thoracic 
actinomycosis with mainly pleural involvement. 
J Infect Chemother. 2004;10:172–177.

 ♦31. Fife TD, Finegold SM, Grennan T. Pericardial 
actinomycosis: Case report and review. Rev Infect 
Dis. 1991;13:120–126.

 32. Kleontas A, Asteriou C, Efstathiou A et al. 
Actinomyces israelii: A rare cause of thoracic 
empyema. Tüberküloz ve Toraks Dergisi. 
2011;59:399–401.

 33. Yoshida K, Bandoh S, Fujita J et al. Pyothorax 
caused by Nocardia otitidiscaviarum in a patient with 
rheumatoid vasculitis. Intern Med. 2004;43:615–619.

 34. Uttamchandani RB, Daikos GL, Reyes RR et al. 
Nocardiosis in 30 patients with advanced human 
immunodeficiency virus infection: Clinical features 
and outcome. Clin Infect Dis. 1994;18:348–353.

 35. Shen Q, Zhou H, Li H et al. Linezolid combined 
with trimethoprim-sulfamethoxazole therapy 
for the treatment of disseminated nocardiosis. 
J Med Microbiol. 2011;60:1043–1045.

 36. Okikamoto N, Asaoka N, Osaki K et al. Clinical 
features of Q fever pneumonia. Respirology. 
2004;9:278–282.

 37. Kummerfeldt CE, Huggins JT, Sahn SA. Unusual 
bacterial Infections and the pleura. Open Respir 
Med J. 2012;6:75–81.

 38. Byrd RP Jr, Vasquez J, Roy TM. Respiratory 
manifestations of tick-borne diseases in the 
southeastern United States. South Med J. 
1997;90:1–4.

 39. Scully RE, Mark Ej, Neely WF. Human 
granulocyti ehrlichiosis: Case records of the 
Massachusetts General Hospital. N Engl J Med. 
2001;345:1627–1634.

 40. Shuvy M, Rav-Acha M, Izhar U et al. Massive 
empyema caused by Mycoplasma pneumoniae in an 
adult: A case report. BMC Infect Dis. 2006;6:18.

 ●41. Cha SI, Shin KM, Jeon KN et al. Clinical relevance 
and characteristics of pleural effusion in patients 
with Mycoplasma pneumoniae pneumonia. 
Scand J Infect Dis. 2012;44:793–797.

 42. Nascimento-Carvalho CM, Oliveira JR, Cardoso MR 
et al. Respiratory viral infecction among children 
with community-acquired pneumonia and pleural 
effusion. Scand J Infect Dis. 2013;45:478–483.

 43. Kracalik IT, Malania L, Tsertsvadze N et al. Evidence 
of local persistence of human anthrax in the 
country of Georgia associated with environmental 
and anthropogenic factors. PLoS Negl Trop Dis. 
2013;7(9):e2388.

 ♦44. Holty JE, Bravata DM, Liu H et al. Systematic 
review: A century of inhalational anthrax cases from 
1900 to 2005. Ann Intern Med. 2006;144(4):270–280.

 ●45. Kyriacou DN, Yarnold PR, Stein AC et al. 
Discriminating inhalational anthrax from 
community-acquired pneumonia using chest 
radiograph findings and a clinical algorithm. Chest. 
2007;131:489–496.

 46. Aggarwal R, Aggarawal M, Dwivedi S. Giant 
liver abscess with bilateral pleural effusion: 
An unfamiliar association. Trop Parasitol. 
2012;2:129–130.

 ♦47. Skerrett SJ, Plorde JJ. Parasitic infections of the 
pleura space. Semin Respir Med. 1992;13:242–258.

 48. Pfefferkorn U, Viehl CT, Barras JP. Rupture hydatid 
cyst in the right thorax: Differential diagnosis 
to pleural empyema. Thorac Cardiovasc Surg. 
2005;53:250–251.

 49. Arıbas BK, Dingil G, Koroglu M et al. Liver 
hydatid cyst with transdiaphragmatic rupture 
and lung hydatid cyst ruptured into bronchi 
and pleural space. Cardiovasc Intervent Radiol. 
2011;34:S260–S265.

 50. Singh TS, Sugiyama H, Rangsiruji A. Paragonimus 
and paragonimiasis in Índia. Indian J Med Res. 
2012;136:192–204.

 ●51. Mukae H, Taniguchi H, Matsumoto N et al. 
Clinicoradiologic features of pleuropulmonary 
paragonimus westermani on Kyusyu Island, Japan. 
Chest. 2001;120:514–520.

 52. Robertson KB, Janssen WJ, Saint S et al. Clinical 
problem-solving: The missing piece. N Engl J Med. 
2006;355:1913–1918.

 53. Lewis KL, Doherty DE, Ribes J et al. Empyema 
caused by trichomonas. Chest. 2003;123:291–292.

 ♦54. Leterrier M, Morio F, Renard B et al. Trichomonads 
in pleural effusion: Case report, literature review 
and utility of PCR for species identification. 
New Microbiol. 2012;35:83–87.

 55. Boussinesq M. Loiasis: New epidemiologic insights 
and proposed treatment strategy. J Travel Med. 
2012;19:140–143.

 56. Ghys C, Morissens M, Rozen L et al. Loiasis with 
pleural and peritoneal involvement. J Travel Med. 
2012;19:186–188.

 57. Lai CY, Lee CJ, Lu CY et al. Adenovirus serotype 
3 and 7 infection with acute respiratory failure 
in children in Taiwan, 2010–2011. Plos One. 
2013;8:e53614.

 58. Bustamante EA, Levy H, Simpson SQ. Pleural fluid 
characteristics in Hantavirus Pulmonary Syndrome. 
Chest. 1997;112:1133–1136.



352 Effusions from atypical infections

 ●59. Fabbri M, Maslow MJ. Hantavirus pulmonary 
syndrome in the United States. Curr Infect Dis Rep. 
2001;3:258–265.

 60. Paakkalaa A, Järvenpääa R, Mäkeläb S et al. 
Pulmonary high-resolution computed tomography 
findings in nephropathia epidemica. Eur J Radiol. 
2012;81:1707–1711.

 61. Delfs-Jegge S, Dalquen P, Hurwitz N. 
Cytomegalovirus-infected cells in a pleural effusion 
from an acquired immunodeficiency syndrome 
patient. Acta Cytol. 1994;38:70–72.

 ♦62. Beers MF, Sohn M, Swartz M. Recurrent 
pneumothorax in AIDS patients with pneumocystis 
pneumonia: A clinicopathological report of 
three cases and review of the literature. Chest. 
1990;98:266–270.

 63. Dye DW, Simmons GT. Fatal herpes virus type 1 
infection in a newborn. Am J Forensic Med Pathol. 
2010;31:89–91.

 ●64. Nador RG, Cesarman E, Chadburn A et al. Primary 
effusion lymphoma: A distinct clinicopathologic 
entity associated with the Kaposi’s sarcoma–
Associated herpes virus. Blood. 1996;88:645–656.

 65. Ponnurangam NV, Palaniyadi A, Sathyanoorthi M 
et al. Pleural effusion: An unusual cause. Australas 
Med J. 2012;5:369–372.

 66. Prashanth GP, Angadi BH, Joshi SN et al. Unusual 
cause of abdominal pain in pediatric emergency 
medicine. Pediatr Emer Care. 2012;28:560–561.

 67. Chen J, Konstantinopoulos PA, Satyal S et al. Just 
another simple case of infectious mononucleosis? 
Lancet. 2003;361:1182.

 68. Pelliccia P, Savino A, Cecamore C et al. Imaging 
spectrum of EBV-infection in a young patient. 
J Ultrasound. 2008;11:82–84.

 69. Azim A, Sahoo JN, Baronia AK et al. Severe dengue 
with massive pleural effusion requiring urgent 
intercostal chest tube drainage: A case report. 
Am J Emerg Med. 2012;30:389.



353

26
Effusions due to lymphatic disruption

J. TERRILL HUGGINS AND PETER DOELKEN

INTRODUCTION

A chylothorax and a cholesterol pleural e�usion represent 
the  two forms of lipid e�usions encountered. Although 
these  two e�usions o�en share a similar pleural �uid 
appearance due to the high lipid concentration, there are 
di�erences in the  pathogenesis, clinical presentation, 
diagnosis,  predisposing conditions, and management. 
A chylothorax is de�ned by the presence of chyle in the 

pleural space resulting from obstruction or disruption of 
the thoracic duct or one its major tributaries. A triglyceride 
concentration >110 mg/dL is virtually diagnostic, and 
the presence of chylomicrons con�rms the diagnosis. 
However, chylothorax de�ned by these criteria represents 
a heterogeneous group of clinical entities. In contrast, a 
cholesterol e�usion is typically the result of long-standing 
pleurisy with elevated cholesterol levels in the pleural 
space;  however, this paradigm has been challenged. 

KEY POINTS

 ● Chylothorax is an uncommon complication of lymphatic disruption. Clinical suspicion of this disorder is  considered 
when a milky-appearing pleural �uid is aspirated. �e pleural �uid analysis is typically a protein-discordant 
exudate with a lymphocytic cell predominance. Triglycerides are usually >110 mg/dL. �e presence of chylomicrons 
con�rms the diagnosis of chylothorax. Trauma and lymphoma are the two most common conditions causing this 
condition. Conservative treatment with low-fat diet or total parenteral nutrition is attempted �rst; however, when 
conservative measures fail, one should consider pleurodesis ± thoracic duct ligation as treatment options.

 ● �oracic duct emobilization by percutaneous means or endoscopic ultrasound guidance is an attractive option for 
poor surgical candidates. Success is related to identi�cation and cannulation of the thoracic duct. Success is also 
related to the lymphangiographic pattern, with a higher success occurring when an occluded thoracic duct and 
direct extravasation of chyle is observed.

 ● �e diagnosis of a cholesterol e�usion usually requires chronicity. Radiographic studies o�en show a thickened 
and �brotic pleura, which may be calci�ed. Cholesterol levels are typically greater than 200 mg/dL with crystals 
o�en seen. Triglycerides levels are o�en elevated and can be greater than 110 mg/dL; however, chylomicrons are 
absent. Lung entrapment with visceral pleural restriction is virtually present in all cases. In those with signi�cant 
restrictive physiology and dyspnea, surgical decortication is e�ective as long as signi�cant parenchymal �brosis is 
excluded.
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Lung entrapment with thickened parietal and visceral 
pleural membranes is the typical radiographic �ndings 
of a cholesterol e�usion. Most cases of cholesterol pleural 
e�usions are attributed to tuberculous or rheumatoid 
pleurisy. Decortication is the mainstay of treatment for a 
cholesterol e�usion in symptomatic patients with restrictive 
lung function.

INCIDENCE AND EPIDEMIOLOGY

Lipid pleural e�usions are traditionally known as milky or 
turbid-appearing when aspirated during thoracentesis. �ere 
are two types of lipid e�usions, chylothorax and cholesterol 
e�usion (also known as pseudochylothorax or a chyliform 
e�usion). Although these two e�usions o�en share a similar 
pleural �uid appearance due to the high lipid concentration, 
they have di�erences in pathogenesis. Chylothorax is 
clinically de�ned by the presence of chyle in the pleural space 
and is due to disruption or obstruction of the thoracic duct 
or one of its major tributaries, whereas cholesterol e�usion 
is due to chronic in�ammation in the pleural space and the 
cholesterol is thought to be a cellular degradation product.

Chylothorax is more common than cholesterol e�usion 
because of the high frequency of chest trauma, including 
cardiothoracic procedures. Because of the variable course of 
the thoracic duct and its numerous collaterals, the duct, or 
one of its feeding collaterals, is o�en inadvertently damaged 
during surgery. Of all surgeries, the highest risk for damage 
is seen with cardiothoracic surgery, especially with esopha-
geal resections. In contrast, the incidence of cholesterol 
e�usion is much less when compared to chylothorax and 
is usually the result of long-standing pleurisy with elevated 
cholesterol levels in the pleural space. Lung entrapment 
with thickened parietal and visceral pleural membranes is 
a consistent radiographic �nding of a cholesterol e�usion.1–4

CHYLOTHORAX

Chylothorax is de�ned by the presence of chyle in the 
pleural space and is usually the result of disruption 
or obstruction of the thoracic duct or one of its 
tributaries.  Chyle is a nonin�ammatory, bacteriostatic 
�uid with a variable protein  concentration (protein 
concentration between 2.0 and 6 g/dL), a fat concentration 
of 0.4–6  g/dL (fat concentration is variable depending on 
dietary fat consumption), and a lymphocyte predominance 
of the  total nucleated cells, usually greater than 80%. Fat-
soluble vitamins, large amounts of cholesterol, water, 
solutes, and lymph are important constituents of chyle. 
Lymph is composed of immunoglobulins, enzymes, and 
between 400 and 6800 white blood cells/µL, the majority 
being lymphocytes.5,6 �e presence of chylomicrons is the 
gold standard for diagnosing the presence of chyle in a 

pleural e�usion. �e formation of chylomicrons occurs from 
the breakdown of long-chain triglycerides from dietary fats. 
Only medium-chain triglycerides are directly absorbed 
into the portal vein. Lymph vessels in the peritoneal cavity 
coalesce at the posterior aspect of the abdominal aorta and 
anterior to the second lumbar vertebrae to form the origin 
of the thoracic duct, called the cisterna chyli. �e cisterna 
chyli is located to the right side of and behind the abdominal 
aorta. It enters the thorax through the aortic hiatus of the 
diaphragm and ascends through the posterior mediastinal 
compartment between the aorta and azygous vein. In 
this region it is situated on the right side of the thorax 
until it reaches the ��h thoracic vertebrae. �e thoracic 
duct is approximately 36–45 cm in length and 2–3  mm 
in width. At this level, the thoracic duct moves to the le� 
and continues with a cephalad movement as it enters the 
superior mediastinal cavity and ascends behind the aortic 
arch and between the le� side of the esophagus and the le� 
pleura. �e thoracic duct terminates at the junction of the 
le� internal jugular vein and le� subclavian vein serving its 
primary role to transport chyle and lymph back to the venous 
circulation. �is anatomical description of the thoracic duct 
is seen in 65% of the general population; however, numerous 
embryological variations exists including thoracic duct 
duplications.7,8 Unidirectional �ow of chyle is maintained 
by intrinsic valves and a pumping e�ect achieved by the 
changes of intrathoracic pressure during respiration.

ETIOLOGY AND PATHOGENESIS

Based on etiology, a chylothorax is classi�ed into one of 
four classes, which are trauma, tumor/systemic diseases, 
idiopathic, and congential.1,9–11 Trauma, including iatrogenic 
(surgical-related) and noniatrogenic (nonsurgical-related) 
causes, is the leading cause for a chylothorax, accounting for 
approximately 38% of cases. Of all surgeries, the highest risk 
for damage is seen with cardiothoracic surgery, especially 
with esophageal resections. �e incidence of thoracic duct 
disruption is 4% to 9% following esophageal surgery.12,13 In 
cases of esophageal resection, a transhiatal approach carries 
the highest risk when compared to a thoracic approach.14 
Lobectomy,15 coronary artery bypass gra� surgery,16,17 
and radical neck dissection have all be associated with 
the development of a chylothorax.18–21 Subclavian vein 
catheterization with a central line has been associated with 
in situ thrombosis resulting in obstruction of the thoracic 
duct.22

Nonsurgical-related traumatic causes include the 
 following: penetrating injuries from gunshot and knife 
wounds, fracture dislocation and hypertension of the spine, 
and childbirth.23–25 �ere have been reports of chylothorax 
occurring with decelerating injuries while wearing a seat 
belt in motor vehicle accidents, vigorous stretching, and 
�ts of coughing.26,27 �ese etiologies account for 2% of all 
causes of chylothorax.

Nontraumatic etiologies of chylothorax include the 
 following: malignancy; sarcoidosis; tuberculosis; cirrhosis; 
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mediastinal lymph node enlargement; retrosternal goiter; 
diseases that a�ect venous pressure, such as congestive 
heart failure, superior vena cava thrombosis, and cirrhosis; 
amyloidosis, �lariasis; and congential/acquired lymphangi-
ectasias, such as yellow nail syndrome, tuberous sclerosis, 
and lymphangioleiomyomatosis (LAM)28–37 (Table 26.1).

Malignancy is the most common cause of a  nontraumatic 
chylothorax and accounts for 32% of all cases of chylothorax. 
All the other causes of nontraumatic chylothorax together 
represent approximately 18% of all chylothorax cases. 
Lymphoma is the cause of 75% of the cases of malignancy-
induced chylothorax, with non-Hodgkin’s lymphoma being 
the most prevalent.1 Rarely, metastatic epithelial tumors 
cause duct obstruction.

Lymphangiectasia syndromes and diseases directly 
involving the lymph vessels are rare. LAM is a disease which 
almost exclusively presents in women of childbearing age 
and is characterized by proliferation of smooth muscle 
cells throughout the peribronchial, perivascular, and peri-
lymphatic regions of the lung. �e proliferation of the 
abnormal smooth muscle cells leads to obstruction of air-
ways and lymphatic vessels predisposing LAM patients to 
spontaneous pneumothorax and chylothorax. �ree main 
mechanisms for chylothorax formation in LAM include: 
(1) chyle leak secondary to proximal lymphatic obstruc-
tion or direct involvement, (2) general oozing from lym-
phatic vessels, and (3) transdiaphragmatic �ow of chylous 
 ascites. Lymphangiography studies in pulmonary LAM 
 complicated with chylothorax have described leakage of 
chyle at multiple levels, direct leakage of chyle from the 
main thoracic duct, and the mediastinal pleura, lung, and 
diaphragmatic  surface. Chylothorax may occur in up to 

14% of patients with LAM at presentation and in 22%–39% 
during the course of the disease.33,34

Gorham’s disease is a rare congential hemangiomatosis 
characterized by abnormal proliferation of the bone vascula-
ture causing massive destruction of bone matrix. Numerous 
reports have described the development of chylothorax 
when the thoracic skeleton was involved. Seventeen percent 
of patients develop chylous e�usions in Gorham’s disease.38

Yellow nail syndrome is another form of lymphangiecta-
sia characterized by hypoplastic lymphatics. Patients present 
with slow-growing brittle nails, lymphedema of the lower 
extremities, and most o�en nonchylous  e�usions; however, 
chylous e�usions may also occur in this  syndrome.36,37 
Dasatanib, which has been approved for rescue therapy for 
patients with imatinib-resistant chronic myelogenous leuke-
mia and Philadelphia chromosome–positive acute lympho-
blastic leukemia, is a novel, orally available multitargeted 
kinase inhibitor of BCR-ABL and SRC family kinases. We 
recently described two cases of dasatanib-induced chylous 
e�usions in which we postulated that this drug causes a dis-
order of the lymphatic network similar to what is seen with 
yellow nail syndrome.39

Mediastinal lymphadenopathy, as a consequence of 
granulomatosis or malignant involvement, can compress 
lymphatic vessels impeding drainage of lymph from the 
lung resulting in extravasation of chyle into the pleural 
space. Finally, congenital chylothoraces are usually the 
result of lymphatic malformations and are rarely attributed 
to trauma during childbirth35 (Table 26.1).

 CLINICAL MANIFESTATIONS OF 
CHYLOTHORAX

Clinical symptoms associated with chylothorax are directly 
related to the size of the e�usion, rate of chyle loss, and 
concomitant diseases, which may or may not e�ect pleural 
�uid formation. Rapid loss of chyle into the pleural space 
will cause respiratory distress and may lead to hypovolemia. 
Dyspnea and cough are the most common symptoms. 
Pleuritic chest pain is rare given the nonin�ammatory 
nature of chyle.

�e onset of most nontraumatic chylothoraces is a 
chronic, progressive dyspnea on exertion. In contrast, the 
onset of traumatic chylothorax is usually acute to subacute 
dyspnea within 2–10 days. In cases of traumatic  chylothorax, 
direct thoracic duct disruption leads to development of 
a posterior mediastinal chyloma, which subsequently 
 ruptures into the pleural space.1,10 Severe respiratory com-
promise may occur due to the rapid accumulation of chyle 
in the pleural space.

�e chylous e�usion is unilateral in 84% (50% on 
right and 34% on le�) and bilateral in 16%. Location of 
the pleural e�usion is dependent on the level of thoracic 
duct  disruption. Damage to the duct above the ��h tho-
racic  vertebrae results in a le�-sided e�usion, whereas 
damage below this level results in a right-sided e�usion. 

Table 26.1 Causes of chylothorax

Causes %
Tumor

• Lymphomas
• Other malignant tumors
• Benign tumors of the mediastinum

32

Trauma
• Surgery
• Penetrating and blunt trauma

38
2

Idiopathic
• Congenital

10

Systemic diseases
• Granulomatosis disorders (sarcoidosis, 

tuberculosis)
• Inflammatory disorders
• Cirrhosis with chylous ascites
• Hemangiomatosis (Gorham’s syndrome)
• Congestive heart failure
• Lymphangioleiomyomatosis
• Yellow nail syndrome
• Amyloidosis
• Filariasis
• Radiotherapy (late sequela)

18
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Bilateral chylothoraces result from disruption at the level of 
the ��h thoracic vertebrae or the movement of chylous asci-
tes into both pleural spaces. Transdiaphragmatic migration 
of chylous ascites follow the same pathways for laterality of 
a hepatic hydrothorax with the majority occurring on the 
right (80%), le� e�usions (18%), and bilateral (2%) e�usions 
occur less commonly.24

�e adverse e�ects attributed to a chylous e�usion 
are related to the chronicity of chyle leak, how long the 
leak  persists, and prolonged pleural drainage. �e most 
 detrimental e�ects of a chylous e�usion are immune 
 compromise, intravascular volume depletion, and 
 malnutrition secondary to the loss of immunoglobu-
lins, protein, lymphocytes, fat-soluble vitamins, and 
electrolytes.

DIAGNOSIS

�e appearance of milky �uid o�en leads the clinician 
to consider a chylothorax; however, this appearance may 
also be seen with cholesterol e�usions, empyema, and 
extravascular migration of a central venous catheter 
with lipid infusion. Gross appearance of the �uid is 
insensitive in detecting a chylothorax with less than 50% 
of chylous pleural e�usions having a milky appearance. 
In two large series describing the appearance of chylous 
e�usions, the majority of these e�usions were serous 
or serosanguinous. �is �nding is likely related to the 
nutritional status of the patient, variable lipid ingestion, 
and in some cases, concomitant diseases contributing 
to pleural �uid  formation, such as trauma or congestive 
heart failure.

�e detection of triglycerides levels >110 mg/dL is 
considered evidence of a chyle leak. However,  de�nitive 
diagnosis of a chyle leak relies on the detection of 
 chylomicrons by lipoprotein electrophoresis. In a series 
of 38 patients with chylothorax, a pleural �uid triglycer-
ide level >110 mg/dL was associated with with less than 
1% chance of not being a chylothorax. On the other hand, 
a pleural �uid triglyceride ≤50 mg/dL indicated no more 
than a 5% chance of the e�usion being chylous. In more 
recent series, pleural �uid triglycerides levels have been 
more variable.3 Pleural �uid triglyceride levels between 
50 and 100 mg/dL are seen in 14%–30% of patients pre-
senting with a chylous e�usion.

Most chylous pleural e�usions are protein-discor-
dant exudates. �is �nding is unexpected since protein 
 concentrations of chyle are low and typically between 
2 and 3 g/dL. An explanation of why chylous e�usions 
become  exudative may be related to greater water/solute 
reabsorption from the pleural into the intravascular space 
resulting in higher pleural �uid protein levels. Lactate 
dehydrogenase (LDH) levels in chylothorax remain low 
and are in the transudative range by currently used 
 biochemical criteria. Finding an elevated LDH should 
alert the clinician to search for alternative or concomitant 

process for pleural �uid formation prior to labeling the 
e�usion as a solitary chylothorax.1,40,41

Transudative pleural e�usions in the setting of chylo-
thorax are rare. In these cases, the typical causes include 
cirrhosis with chylous ascites, congestive heart failure, 
nephrotic syndrome, obstruction of the superior vena cava, 
and amyloidosis. In three large series reported, the most 
common causes of a transudative, chylous e�usion were the 
following: (1) congestive heart failure, (2) hepatic cirrhosis, 
and (3) nephrotic syndrome.1,40,41

Cell counts in chylous e�usions are lymphocyte 
 predominant. In a series published by Agrawal et al.,40 
approximately one-half had a lymphocyte percentage 
greater than 80%. An absence of lymphocyte predominance 
should alert the clinician to consider competing or alterna-
tive causes of the pleural e�usion.

MANAGEMENT

�e mainstay of treatment of chylothorax is to maintain 
adequate nutrition and minimize chyle production. More 
importantly, the underlying cause of the chylous e�usion 
dictates management strategies. Treatment is classi�ed into 
three categories: (1) treatment of the underlying condition, 
(2) conservative management, and (3) surgical options. 
In some cases where a chylous e�usion is detected, other 
causes of pleural �uid formation may dominate the clinical 
presentation and contribute to the patient’s symptoms. 
�erapy is directed toward management of the competing 
disorder, rather than addressing the chyle leak acutely. 
�is is especially true when one considers treating a 
chylous e�usion in the setting of sarcoidosis with steroids, 
congestive heart failure with diuretics and a�erload 
reduction, and chemotherapy for lymphoma. Resolution 
of symptoms and the chyle leak may occur with these 
therapeutic endeavors.1,5,8

Conservative strategies involve replacing nutrient losses 
in chyle and draining large, symptomatic chylothoraces 
with intermittent large-volume thoracentesis or placement 
of thoracostomy tubes. Nutritional supplementation in 
the form of parenteral hyperalimentation or supplemen-
tation with oral medium-chain triglycerides is usually 
 performed. �e reasoning behind the use of medium-chain 
 triglyceride  diet is absorption occurs directly into the 
portal vein. It remains controversial whether complete 
 discontinuation of oral feedings results in a greater decrease 
in chyle formation.

Combining these conservative strategies, the addition of 
somatostatin and octreotide has been shown to be useful in 
the management of chylothorax. �ese drugs reduce intes-
tinal chyle production, thereby reducing chyle �ow in the 
thoracic duct to allow healing.42,43

Especially for those who are poor surgical candidates, 
chemical pleurodesis is an attractive option as well as 
pleuroperitoneal shunts. In lymphoma-related cases of 
chylothorax, where chemoradiotherapy was  ine�ective 
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in treating the chylous e�usion, medical thoracoscopy 
with talc pleurodesis was 100% e�ective in a series of 
19  patients.44 Although numerous pleurodesis agents, 
such as tetracycline, bleomycin, and povidone-iodine 
have been used with reported success, talc appears to 
have the highest e�cacy.45,46 Approximately 50% of 
traumatic and congenital chylothoraces close sponta-
neously. However, consideration for surgical strategies 
a�er conservative measures has failed to apply to the 
following situations: (1) average daily chyle loss exceeds 
1500 mL in adults for a 5-day period (>100 mL/kg body 
weight per day in a child); (2) when the chyle �ow has not 
diminished over a 2-week period; and (3) when there are 
 complications associated with malnutrition, hypovolemia, 
or severe  immunocompromise. Cope et al.47–49 described 
 cannulation and embolization of the thoracic duct to treat 
chylothorax when a demonstrable leak by lymphangiog-
raphy was detected. Subsequently,  several others have 
 demonstrated success using thoracic duct cannulation 
and embolization. In cases of chylothorax unlikely to 
resolve with conservative measures,  lymphangiography, 
which is performed either by injecting a radionuclide or 
contrast, accurately identi�es the chyle leak if it  originates 
from the main duct or a large feeding tributary. It is a dif-
�cult procedure, requiring cannulation of the  lymphatic 
 channels and carrying signi�cant adverse e�ects, such 
as local  tissue necrosis, fat embolism to the lungs, 
 hypersensitivity  reaction, or worsening of lymphedema 
from the contrast material.

Lymphoscintigraphy, using radiolabeled human 
serum albumin, dextran or nanocolloid, or 99mTc sul-
fur  colloid, is minimally invasive and does not have any 
known side e�ects. In a series of nine refractory cases 
of  chylothorax, the site of the chyle leak was identi�ed 
in seven of nine (78%) of cases. Spontaneous closure 
 following  lymphangiography occurred in eight of nine 
(89%) in this report.50 Some have speculated that lym-
phangiograms  may have a therapeutic role in treating a 
chylothorax.

In most cases, identifying the location of the chyle 
leak is problematic. �oracic duct ligation is success-
ful in 90% of patients with a refractory chylous e�usion. 
�oracic duct ligation can be performed during thora-
cotomy, video-assisted thoracoscopic surgery (VATS), 
and minimally invasive procedures at which time the 
thoracic duct is cannulated percutaneously and sclerosed. 
Ligation of the thoracic duct usually is performed above 
the right hemidiaphragm; ligating the duct supradiaphrg-
matically halts chyle �ow from any unidenti�ed collateral 
ducts. Collateral circulation redirects the chyle around 
the ligation area ensuring that chyle returns back to the 
circulation.51–55

�e minimal invasive techniques for thoracic duct 
ligation are an attractive option for patients who are poor 
surgical candidates or could be �rst treatment option 
if thoracic duct ligation is needed, reserving VATS for 

possible treatment failures. �ese techniques require 
the identi�cation of the thoracic duct with the implan-
tation of a micro�ber into the duct under �uoroscopic 
or endoscopic ultrasound means. Once the micro�ber is 
in place, glue can then be instilled to embolize the duct. 
Success of this technique requires an ability to see and 
cannulate the duct; it is also correlated to the lymphagi-
ographic pattern observed. In a report by Nadolski and 
Itkin,56 thoracic duct embolization (TDE) was reported 
in 34 nontraumatic chylous e�usions. TDE was success-
ful in 24 of 34 (70.6%) patients. TDE was not attempted 
in 6 of 34 (17.6%) patients due to an  inability to visualize 
the cisterna chyli. Four lymphangiographic  patterns were 
observed: (1)  normal thoracic duct in 17.6%, (2) occlu-
sion of the thoracic duct in 58.8%, (3) failure to opacify 
the duct in 17.6%, and (4) extravasation of chyle in 5.9%. 
Clinical success of this technique correlated with the 
lymphangiographic pattern observed. �e clinical success 
rate was 16% of normal thoracic duct, 75% in occlusions 
of the thoracic duct, 16% in cases of failure to opacify the 
duct, and 50% of cases where extravasation of chyle was 
observed.56

In thoracoscopic attempts to ligate the duct, enteral 
feeding of 50 mL of cream is given prior to thoraco-
scopic examination. If the leak is seen, the duct is excised 
at that point; however, if no chyle leak is noted, mass 
ligation above the right hemidiaphragm is performed. 
Lymphedema is a known complication of the  procedure, 
which usually resolves over a period of several months. 
In our  institution, we had a case of severe lymphedema 
that took 2 years to abate following thoracic duct  ligation. 
Resolution of  lymphedema occurs when  collaterals 
develop from newly established venous–lymphatic 
communications.

PROGNOSIS

Prior to the introduction of thoracic duct ligation, 
 mortality rates for chylothorax approached 50% with 
signi�cant  morbidity. Death was typically attributed to 
malnutrition and infection. With proper management of 
nutrition and current therapeutic strategies, morbidity 
and  mortality have signi�cantly declined over the past 
30  years. Chylothorax occurring during esophageal 
surgery treated conservatively carries a 50% mortality 
rate. Ligation of the thoracic duct immediately when 
suspected or documented damage occurs reduces the 
mortality to 10%. Dougenis et al. have recommended 
prophylactic thoracic duct ligation in all cases with 
extensive esophageal resection. In their series, elective 
ligation of the thoracic duct reduced the incidence of 
chylothorax from 9% to 2%.53 In cases of nontraumatic 
chylothorax, prognosis is more dictated by the underlying 
disease process than the consequence of the chyle leak. 
For nontraumatic causes of chylothorax, the prognosis 
is worse in patients with malignancy-related chylothorax.
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 CHOLESTEROL EFFUSION/
PSEUDOCHYLOTHORAX/CHYLIFORM 
EFFUSION

INTRODUCTION

Cholesterol e�usion (also known as pseudochylothorax 
or chyliform e�usion) is a cholesterol-rich, pleural 
e�usion that was initially described by Weems in 1918.57 
Traditionally, a  pseudochylothorax is a lipid-rich e�usion 
with the presence of cholesterol crystal, whereas a chyliform 
e�usion refers to a lipid-rich e�usion with an absence of 
cholesterol crystals. �ese e�usions have high lipid content 
that is not attributed to thoracic duct disruption. �e pleural 
e�usion in a cholesterol e�usion is characterized by a high 
cholesterol content (pleural �uid cholesterol >200 mg/dL) 
and o�en has a milky or satin-sheen appearance. However, 
the  appearance may simply be turbid or have a “motor-oil” 
appearance. Cholesterol crystals can be seen on polarized 
light microscopy (Figure 26.1).

PATHOGENESIS AND ETIOLOGY

Even though the pathogenesis of a cholesterol  e�usion 
has never been systematically reviewed, the traditional 

understanding of the development of this type  e�usion 
requires chronic pleural space in�ammation with 
 thickened   and  �brotic pleura with underlying lung 
entrapment (Figure 26.2). Some have advocated that 
a minimal time course of 5 years is required for the 
development of a cholesterol e�usion.58–64 It has been 
postulated that the source of cholesterol in these e�usions 
is the result of cell lysis of neutrophils and erythrocytes. 
Cell lysis releases the cholesterol and lecithin-globulin 
complexes, which are subsequently trapped in the pleural 
space. Impaired lymphatic drainage from the thickened 
and �brotic pleural membrane results in the increase 
pleural �uid cholesterol levels. An alternative explanation 
of the pathogenesis of cholesterol e�usions was derived 
from lipoprotein analyses showing that pleural �uid 
cholesterol was derived from serum lipoproteins. Initially, 
cholesterol is bound to low-density lipoprotein. �rough 
local metabolism and ongoing chronic pleural space 
in�ammation, there is a shi� of cholesterol binding to 
high-density lipoprotein.58

�e paradigm of chronic pleural in�ammation and 
chronicity as a prerequisite for the pathogenesis has been 
challenged. In a case report, published by Nogueras et al.65 
in 2002, they described a rapid development of a choles-
terol e�usion occurring within 4 months in a patient with 
tuberculous pleurisy. In 2009, Wrightson et al. reported 
a series of cholesterol e�usions in six patients with rheu-
matoid pleurisy.58 �e duration of arthritis prior to the 
development of the cholesterol e�usion ranged from 
5 months to 20 years, with three of the six cases occur-
ring 3 years or shorter. Four of six e�usions had a milky 

Figure 26.1 Chest computed tomography scan of a 
55-year-old man with a prior history of tuberculous 
empyema  resulting in a cholesterol pleural effusion. There 
is a marked visceral and parietal pleural thickening with 
calcification around a  loculated pleural fluid collection. An 
ipsilateral periosteal reaction with increased rib thicken-
ing due to a chronic  inflammatory process is noted. (From 
Huggins JT, Semin Respir Crit Care Med, 31, 743–750, 
2010. With permission.)

Figure 26.2 Photomicrograph of a cholesterol  effusion 
under polarized light microscopy showing  numerous 
rhomboid-shaped, cholesterol crystals, which give a 
distinct stain-like sheen appearance that is  virtually 
 diagnostic of a cholesterol pleural effusion. (From 
Huggins JT, Semin Respir Crit Care Med, 31, 743–750, 
2010. With permission.)
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appearance and all were concordant exudates. Cholesterol 
 crystals were present in two cases. Pleural �uid cholesterol 
 levels were greater than 200 mg/dL in �ve of six cases. 
All  symptomatic e�usions were successfully treated with 
antirheumatic medications without the need for surgical 
decortication. Pleural thickening by radiographic or tho-
racoscopic �ndings was absent in all cases. �oracoscopic 
specimens showed no gross pleural thickening with a 
�brous connective tissue and chronic in�ammatory cell 
in�ltration consistent with rheumatoid pleuritis.58 �e 
absence of pleural thickening in these studies disputes 
the necessity of chronic pleuritis with signi�cant  pleural 
thickening as a prerequisite for cholesterol e�usion 
development.58

Clinical conditions that predispose one to develop a 
cholesterol e�usion are typically seen in the  setting of 
tuberculous pleurisy, collapse therapy for the  treatment 
of pulmonary tuberculous, and rheumatoid  e�usion. 
Rare causes of a cholesterol e�usion include the 
 following: (1) poorly treated empyema, (2) hemothorax, 

(3)  pleuropulmonary  paragonimiasis, (4) lung cancer, 
(5)  alcoholism, (6)  syphilis, and (7) hepatopulmonary echi-
nococcosis (Table 26.2).

DIAGNOSIS

�e diagnosis of a cholesterol e�usion usually requires 
chronicity. Radiographic studies o�en show a thickened 
and �brotic pleura, which may be calci�ed. Cholesterol 
levels are typically greater than 200 mg/dL with 
crystals o�en seen. �e lack of cholesterol crystals on 
polarized  microscopy does not exclude the diagnosis. 
Triglycerides levels are o�en elevated and can be greater 
than 110 mg/dL; however,  chylomicrons are absent1,63,66 
(Table 26.3).

MANAGEMENT

�e treatment of cholesterol e�usions is dependent on the 
associated disease and the severity of respiratory impair-
ment. Management is most commonly dictated by treating 
the disorders of rheumatoid arthritis and tuberculosis. In 
the setting of rheumatoid-associated cholesterol pleural 
e�usions, augmentation of antirheuma tic medications has 
been shown to be e�ective in the early stages of develop-
ment. It is also vital that active tuberculosis is excluded. 
Lung entrapment with visceral pleural restriction is virtu-
ally present in all cases. In those with signi�cant restric-
tive  physiology and dyspnea, surgical decortication is 
e�ective as long as  signi�cant parenchymal �brosis is 
excluded. Repetitive drainage of a cholesterol e�usion 
has been associated with empyema and pleurocutaneous 
�stulas.63,66,67

Table 26.2 Causes of cholesterol effusion

Common
• Tuberculous pleurisy
• Rheumatoid pleurisy
• Therapeutic pneumothorax
• Poorly treated empyema
• Hemothorax

Rare
• Pleuropulmonary paragonimiasis
• Hepatopulomonary echinococcosis
• Lung cancer
• Alcoholism

Table 26.3 Differentiating a chylothorax and a cholesterol effusion

Characteristics Chylothorax Cholesterol effusion
Incidence Uncommon Rare
Cause Lymphoma, trauma, surgery, LAM Rheumatoid arthritis or empyema, TB 

(a form of lung entrapment)
Onset Acute or subacute Insidious and chronic
Symptoms Dyspnea None, dyspnea
PFA Milky, serous, turbid, or bloody; >80% 

lymphocytes, protein discordant 
exudate; triglycerides >110 mg/dL 
(highly likely); cholesterol >60 to 
<200 mg/dL

Milky, satin-sheen, neutrophil-
predominant exudate, cholesterol 
>200 mg/dL, cholesterol/triglyceride 
ratio >1, triglyceride level may be 
>110 mg/dL

Diagnosis Presence of chylomicrons Presence of cholesterol crystals, 
cholesterol/triglyceride ratio >1, 
cholesterol >200 mg/dL

Treatment Manage underlying disease, 
pleurodesis, thoracic duct ligation

Observation, decortication

Abbreviations: LAM, lymphangioleiomyomatosis; TB, tuberculosis.
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Effusions in immunocompromised hosts

ROSEMARY ADAMSON AND DAVID R. PARK

KEY POINTS

 ● Immunocompromised patients are at risk for the development of infectious and noninfectious pleural 
complications.

 ● �e causes of pleural e�usion vary depending on the type and severity of the immunode�ciency. Parapneumonic 
e�usion and empyema associated with bacterial pneumonias are the most common causes. Depending on the 
underlying conditions and patient’s geographic location, immunocompromised patients may develop uncommon 
pleural complications, including mycobacterial, fungal, viral, and parasitic infections.

 ● Pleural e�usions associated with NHL (including primary e�usion lymphoma), KS, and IRIS may develop in 
patients with AIDS.

 ● Causes of pleural e�usion in transplant recipients include immunosuppressant medications, infections, and 
malignancies. Pleural e�usion in the immediate post-transplant period is common in lung, heart, and liver 
transplant recipients. PTLD is associated with severe and prolonged immunosuppression. Other causes of 
pleural e�usions in transplant recipients include hepatic veno-occlusive disease, GVHD, and capillary leak 
syndrome.

 ● �e diagnostic importance of pleural �uid analysis in the immunocompromised host is similar to that in the 
immunocompetent patient. However, because of the wider di�erential diagnoses and the adverse impact of delayed 
diagnosis, more aggressive diagnostic evaluation and urgent management are recommended.
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INTRODUCTION

Immunity is conferred by the actions of the innate and the 
adaptive immune systems. �e innate immune system does 
not require prior exposure to infectious agents or other anti-
gens and consists of mucous membrane and skin barriers, 
soluble factors such as complement proteins, and leukocytes. 

�e adaptive immune system requires exposure to infec-
tious agents or other antigens and consists of macrophages, 
humoral immunity, and cell-mediated immunity. Patients 
may be immunocompromised due to primary (congenital) 
or secondary (acquired) defects in their immune systems 
(Tables 27.1 and 27.2). Serious immune de�ciency is uncom-
mon in solid tumors unless treated with immunosuppres-
sants. Neutropenic patients are prone to infections with 
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pyogenic or enteric bacteria. With  prolonged  neutropenia, 
fungal infections also occur. Humoral immune de�ciency 
and defects in the complement system are associated 
with infection by pyogenic bacteria. Patients with cellular 
immune de�ciency are predisposed to intracellular patho-
gens such as fungi, viruses, and mycobacteria. Overall, 
the importance of pleural �uid analysis in the diagnostic 
evaluation of the immunocompromised host is similar to 
that in the immunocompetent patient. However, because of 
the wider di�erential diagnosis and the adverse impact of 
delayed diagnosis a more aggressive diagnostic evaluation 
and management strategy is recommended. �is chapter 
focuses on pleural diseases that develop in the most com-
mon immunocompromised conditions.

PLEURAL DISEASES IN PATIENTS WITH 
HUMAN IMMUNODEFICIENCY VIRUS 
INFECTION

An estimated 34 million people are living with human 
immunode�ciency virus (HIV) worldwide.1 �e lungs are 
the most frequently a�ected organ in HIV with up to 70% of 
patients experiencing a pulmonary complication.2 Pleural 
e�usions are seen in 7%–27% of hospitalized patients 
with HIV.3 Bacterial infections, tuberculosis, and Kaposi 
sarcoma (KS) are the three leading causes of pleural e�u-
sion in patients with HIV.3,4 �e frequency of each of these 
causes will vary by geographic area depending on the rate 
of use of highly active antiretroviral therapy (HAART). In 
eight publications of 531 HIV-infected patients with pleu-
ral e�usion, 60% were associated with infections, 30% were 
associated with noninfectious etiology, and no cause was 
identi�ed in 10% (Table 27.3).5–12 It is important to remem-
ber when evaluating patients with HIV that they can have 
more than one diagnosis. �is point is well illustrated in the 
literature, for example, by a case of bilateral pleural e�u-
sions where one was due to tuberculosis and the other was 
an empyema due to Staphylococcus aureus,13 a case of empy-
ema due to both tuberculosis and Nocardia,14 and a case of 
visceral leishmaniasis and tuberculosis with bilateral pleu-
ral e�usions.15

INFECTIOUS CAUSES

Bacterial

Bacterial pneumonia is the most frequent infection in 
HIV-infected patients and is the most common admis-
sion diagnosis.2 HIV infection is associated with a greater 
than 10-fold increased incidence of bacterial pneumonia.2 
Recurrent pneumonia is an acquired immune de�ciency 
syndrome (AIDS)-de�ning condition. Pleural e�usion and 
empyema  are present in 12%–47% and 2%–6% of HIV-
infected patients with bacterial pneumonia, respectively.3 

Table 27.2 Underlying conditions in patients with 
secondary immune deficiency

Immunosuppressive therapy
For malignancy
For autoimmune disease
Conditioning for hematopoietic stem cell transplant 

(HSCT)
Treatment or prevention of GVHD in HSCT recipients
Treatment or prevention of rejection in solid organ 

transplant recipients
Autoimmune diseases

Systemic lupus erythematosus
Rheumatoid arthritis

Malignancy
Lymphoma
Leukemia
Myelodysplastic syndrome
Multiple myeloma
Solid tumors

HIV infection
Hyposplenism
Diabetes mellitus
Renal insufficiency
Hepatic cirrhosis
Alcoholism
Aging
Burns
Malnutrition
Allogeneic blood transfusion
Protein loss
Nephrotic syndrome
Peritoneal dialysis
Protein-losing enteropathy

Table 27.1 Main primary immune deficiencies

Humoral Phagocytic

X-linked 
agammaglobulinemia

Neutropenia

Autosomal recessive 
agammaglobulinemia

Congenital

Common variable 
immunodeficiency

Cyclic

Hyperimmunoglobulin 
M syndromes

Chronic granulomatous 
disease

Immunoglobulin A 
deficiency

Leukocyte adhesion 
deficiency

Immunoglobulin G subclass 
deficiency

Hyperimmunoglobulin 
E syndrome

Combined humoral and 
cellular deficiency

Myeloperoxidase 
deficiency

Severe combined immune 
deficiency

Chediak–Higashi syndrome

Inherited complement 
deficiencies
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Bacterial pneumonia in HIV-infected patients is most 
 commonly caused by Streptococcus pneumoniae, followed by 
Haemophilus influenzae, Staphylococcus aureus, Legionella 
pneumophila, and gram-negative bacilli (most frequently 
Pseudomonas aeruginosa).2 However, parapneumonic e�u-
sions and empyema can be caused by less common patho-
gens such as Rhodococcus equi,16 Salmonella spp.,17,18 and 
Bordetella bronchiseptica.19

In addition to antibiotics, as in HIV-negative patients, 
the management of complicated pleural e�usions and 
empyemas requires drainage and close clinical surveil-
lance to discern the need for surgical intervention.3 Video-
assisted thoracoscopic surgery (VATS) has been shown to be 
e�cacious and safe for the treatment of empyema in HIV-
infected patients.20

Tuberculosis

Worldwide, one-third of all people living with HIV are 
infected with tuberculosis (TB) and TB is the leading cause 
of death for persons infected with HIV.21 �e highest bur-
den of TB–HIV coinfection is in Africa, which accounts for 
79% of TB cases among people infected with HIV.22 Pleural 
e�usion is seen in 6%–25% of HIV-infected patients with 
pulmonary tuberculosis.23,24 In some regions of the world, 
tuberculosis is the most common cause of pleural e�usion 
in HIV-infected patients.8 Tuberculous pleural e�usions are 
more common in patients with HIV than in those with-
out.25,26 However, among HIV-infected patients with tuber-
culosis, pleural e�usions are less common in patients with 
CD4+ lymphocyte counts below 100 cells/μL.27

�e diagnostic approach to tuberculous pleuritis in 
patients with HIV is similar to that in other patients. 
Sputum should be obtained for acid-fast bacilli (AFB) 

smear and mycobacterial culture, even in the absence of 
 radiologically apparent parenchymal involvement.28 �e 
pleural �uid is a lymphocyte-predominant exudate. Smear 
or culture of pleural �uid or tissue is more likely to yield a 
positive result in HIV-infected patients than in non-HIV-
infected patients.29–31 �e pleural �uid AFB smear is positive 
in up to 18%, and it is more likely to be positive when the 
blood CD4+ lymphocyte count is <200 cells/μL.32 Pleural 
�uid culture is positive in up to 75%.29 Pleural biopsy AFB 
stain is positive in 19%–69%.30,32 In cases with a high clinical 
suspicion for pleural tuberculosis but without documented 
AFB, the diagnosis can be made by �nding granulomas in 
pleural tissue. Granulomas have been documented in up to 
63%, although there are reports that HIV-infected patients 
have fewer well-formed granulomas.29,33

�e roles of polymerase chain reaction (PCR), lyso-
zyme, interferon gamma (IFN-γ), and adenosine deaminase 
(ADA) measurements in pleural �uid for the diagnosis of 
tuberculous pleuritis have not been clearly de�ned because 
of their inability to provide culture and drug sensitivity 
information. However, the use of pleural ADA measurement 
is becoming increasingly accepted as part of the evaluation 
for pleural TB as more studies con�rm its high sensitivity 
and speci�city values (o�en around 95%) independent of 
CD4 count and HIV status.34–36 Use of pleural �uid ADA 
measurements in areas with a low incidence of tuberculosis 
may lead to high false-positive rates, although the �nding of 
a low ADA level has high negative predictive value and may 
be useful in excluding tuberculous pleurisy.37 �e tuberculin 
skin test is negative in approximately 50% of HIV-infected 
patients with tuberculous pleurisy and is more likely to be 
negative in patients with lower CD4 counts.31,33,38

Most HIV-infected patients with tuberculous pleu-
risy should be started on four-drug therapy, consisting 

Table 27.3 Causes of pleural effusion in patients with HIV infection

Causes Number Causes Number

Noninfectious 161 Infectious 316
 Kaposi sarcoma 59  Bacterial pneumonia 158
 Hypoalbuminemia 23  M. tuberculosis 83
 Renal failure 17  Septic emboli 32
 Lymphoma 16  P. jiroveci 25
 Congestive heart failure 9  Cryptococcus neoformans 7
 Pancreatitis 7  M. avium complex 4
 Hepatic cirrhosis 7  Nocardia spp. 3
 Lung cancer 6  Aspergillus spp. 1
 Pulmonary embolism 5  CMV 1
 Atelectasis 4  Leishmanai donovani 1
 Unspecified malignancy 4   L. donovani and Aspergillus 1
  Acute respiratory distress 
syndrome

1

 Pericarditis 1  Unknown 54
 Trauma 1
 Surgery 1
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of isoniazid, rifampin, pyrazinamide, and ethambutol.39 
Recent guidelines recommend initiating HAART within 
weeks of the initiation of anti-tubercular therapy due to 
evidence that mortality rates are lower with concomitant 
treatment of both infections.2 �e lower the CD4 count, 
the sooner the recommendation for HAART initiation.40 
However, when HAART and anti-tubercular drugs are 
prescribed simultaneously both drug regimens must be 
adjusted to account for drug interactions.41

�e majority of HIV-infected patients with tuberculous 
pleuritis respond favorably to treatment. �e reported mor-
tality of HIV-infected patients with pleural tuberculous 
pleurisy in South Carolina was 9% a�er an average follow-
up period of 31 months.26 Studies in Africa have reported 
mortality rates of 10%–30% during the course of treatment 
for tuberculous pleurisy.33,38 �ere is insu�cient evidence 
for the e�cacy of corticosteroids in the treatment of tuber-
culous pleurisy.42

TB empyema (pus) appears to occur rarely in HIV-
infected people. However, if present, empyema should be 
drained and the patient should be followed closely for the 
need for surgical intervention.

Pneumocystis jirovechii 

Pneumocystis jirovecii pneumonia (PCP) is an unusual 
cause of pleural e�usion in HIV. Approximately 4% of pleu-
ral e�usions in HIV-infected patients are associated with 
PCP (Table 27.3). Pleural e�usions have been reported in 
5%–13% percent of HIV-infected patients with PCP.43,44 
PCP-associated pleural e�usions may be more common 
in patients receiving aerosolized pentamidine prophylaxis 
than oral trimethoprim-sulfamethoxazole.45 �e e�usions 
are exudates with neutrophil or monocyte predominance 
and can be bloody.46 PCP organisms can be found by cytol-
ogy.46 Treatment requires antibiotics for the underlying 
PCP and tube thoracostomy if required for pneumothorax 
and/or pleural e�usion drainage.

Miscellaneous infectious causes

Pleural e�usion has been reported in 5% of HIV-infected 
patients with pulmonary cryptococcosis, and pleural e�u-
sion may precede meningitis.47 �is report found that 
serum cryptococcal antigen was negative in patients with 
isolated pulmonary cryptococcosis. �ere are reports of 
pleural e�usions associated with various other infections, 
including nocardiosis,9,11 histoplasmosis,48–50 paracoccidio-
mycosis,51 candidiasis,52 amebiasis,53,54 micro�lariasis,55,56 
Mycobacterium avium complex,6,9,11 and cytomegalovirus 
(CMV) infection.6,57

MALIGNANT CAUSES

It is noted that 70% of the malignancies reported in AIDS 
are either KS or non-Hodgkin’s lymphoma (NHL).58 

�ese are both AIDS-de�ning conditions that occur 
in the  setting of signi�cant immunosuppression. Since 
the widespread use of HAART, the incidence rates of 
KS and NHL have declined and those of non-AIDS-de�n-
ing cancers have increased.58 HIV-infected people are at 
increased risk for a number of cancers, and lung cancer is 
the most common non-AIDS-de�ning cancer.59

Kaposi sarcoma

KS is the most common cancer a�ecting people with 
AIDS.58 KS a�ects mainly men who have sex with men 
(MSM) infected with human herpes virus-8 (HHV-8), 
also known as Kaposi sarcoma–associated herpes virus 
(KSHV). �e use of HAART reduces the risk of develop-
ing KS, and the incidence of KS has been declining.58,60 
�e incidence of pulmonary KS is also likely declining but 
is unclear since the diagnosis is o�en not made antemor-
tem. Autopsy studies in the 1980s found that pulmonary 
KS occurred in up to 75% of HIV-infected patients with 
cutaneous KS.60 It may also present without mucocutane-
ous involvement.61 Pleural e�usions occur in 15%–89% of 
pulmonary KS.3

Characteristic imaging �ndings include bilateral 
 perihilar and lower zone reticulonodular in�ltrates and 
“�ame-shaped” nodules.62 Interlobular septal thick-
ening may be seen on computed tomography (CT).62 
Lymphadenopathy may be present but is rarely signi�-
cant.62 Pleural e�usions may be unilateral or bilateral.62 
KS-associated pleural e�usions are typically serosan-
guineous, mononuclear predominant exudates.63 Chylous 
e�usion associated with KS has been reported.63 De�nitive 
diagnosis of KS-associated pleural e�usions is challenging 
since the diagnosis of KS requires characteristic architec-
ture found on histology. �erefore, the diagnosis can-
not be made by cytological examination of pleural �uid. 
De�nitive diagnosis can be made by thoracoscopic �nd-
ings of the characteristic KS lesions on visceral pleura.64 
A presumptive diagnosis of pleural KS can be made in the 
appropriate clinical setting by bronchoscopic visualiza-
tion of the characteristic endobronchial lesions and exclu-
sion of other causes.61

�e primary treatment for KS is HAART.59,65 As immu-
nosuppression reverses, the lesions typically regress.59 
Chemotherapy and radiation may also be used.60 Standard 
treatments for malignant pleural e�usions, such as drain-
age and pleurodesis, may be used to palliate symptomatic 
e�usions, but e�usions are likely to recur.4 �e outcome 
for HIV-infected patients with KS has substantially 
improved over time with the widespread availability of 
HAART.65,66 However, pulmonary involvement portends 
a worse outcome. A study in 2006 found that survival 
for HIV-infected patients with non-pulmonary KS was 
approximately 88% at 2 years and for those with pulmo-
nary involvement survival was approximately 58% at 2 
years.65
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Non-Hodgkin’s lymphoma

NHL occurs in HIV-infected patients with CD4 counts 
below 100.67 �e incidence of NHL has declined with the use 
of HAART.58 Retrospective series have reported pulmonary 
involvement in 1%–14% of AIDS-related NHL, and autopsy 
series have found pulmonary involvement in up to 67% of 
cases.67 One series found pleural e�usion in 68% of AIDS-
related pulmonary NHL.67 Primary pulmonary lymphoma 
is rare and is typically a high-grade B-cell lymphoma.68

Characteristic imaging �ndings of NHL include well-
de�ned solitary or multiple pulmonary nodules with a very 
short doubling time.62 �ese are o�en peripheral and may 
be large.62 Lymphadenopathy may be present but is rarely 
signi�cant.62 Pleural e�usions may be unilateral or bilat-
eral.62 �e pleural e�usions are exudates with high red and 
white blood cell counts.67 �e pleural glucose level can be 
low.67 �e diagnostic yield of pleural �uid cytology is 75%.67 
AIDS-related NHL is treated with HAART and chemother-
apy. Survival has improved over time, but prognosis remains 
poor with 58% 2-year survival.58

Primary effusion lymphoma

Primary e�usion lymphoma (PEL), previously known as 
body-cavity lymphoma, is a form of NHL characterized by 
pleural, pericardial, or peritoneal lymphomatous e�usions 
in the absence of a solid tumor mass.69 It is associated with 
HHV-8 and accounts for 0.1%–4% of all HIV-related lym-
phomas.70,71 PEL typically a�ects men who have sex with 
men (MSM) with AIDS,72 and many patients have prior KS.70 
It has also been reported in solid organ transplant recipients 
and elderly men of Mediterranean descent, another group 
with high rates of HHV-8 infection. 

CT demonstrates thickening of the parietal pleura 
or pericardium as well as e�usions.73 PEL e�usions are 
exudates with very high levels of lactate dehydrogenase 
(LDH.74) Diagnosis is made by cytology and PCR for 
HHV-8. �e PEL cells are immunophenotypically inde-
terminate, lacking B- and T-cell-associated antigens, but 
expressing markers associated with the late stages of B-cell 
di�erentiation. Infection of the tumor clone with HHV-8 
constitutes the genetic hallmark of PEL.71 Epstein–Barr 
virus (EBV) is found in tumors of up to 90% of patients 
with AIDS-related PEL.71

Due to its rarity, the optimal treatment for PEL has not 
been de�ned. HAART appears to be associated with an 
improved prognosis, and patients are also typically o�ered 
combination chemotherapy as used for other NHLs, although 
there is no role for rituximab.71 Tube thoracostomy drainage 
of the pleural e�usion can be used for palliation. �e median 
survival of patients with PEL is approximately 6 months.71

Other malignancies

Despite the fact that lung cancer is the most common 
non-AIDS-de�ning cancer in people infected with HIV, 

bronchogenic carcinoma is an uncommon cause of pleu-
ral e�usion (Table 27.3). �is �nding may change as the 
epidemiology of cancer in HIV-infected people continues 
to change. �ere are reports of malignant mesothelioma 
in HIV-infected patients without any history of asbestos 
exposure.75,76

Multicentric Castleman’s disease (MCD) is a lymphop-
roliferative disorder of the plasma cell type, which has been 
reported in patients with HIV infection. Tissues involved by 
the disease frequently contain HHV-8.69 Symptoms tend to 
occur in discrete episodes referred to as “MCD attacks” con-
sisting of fever, malaise, and lymphadenopathy. One series 
found that 18% of patients with HIV-associated MCD had 
pulmonary involvement with dyspnea, cough, and hypoxia. 
Chest imaging demonstrated bilateral interstitial in�ltrates 
and mediastinal lymphadenopathy and 25% had bilateral 
pleural e�usions. �oracentesis in one case demonstrated 
a macrophage-predominant transudate.77 Treatments  used 
are chemotherapy, steroids, and HAART. However, relapse of 
the disease and deterioration to lymphoma are frequent. 69,77

MISCELLANEOUS CAUSES

Renal failure, cardiac dysfunction, hypoalbuminemia, 
pancreatitis, liver failure, and other conditions listed in 
Table 27.3 should be included in the di�erential diagnosis of 
pleural e�usions in AIDS.

Immune reconstitution syndrome

�e initiation of HAART may lead to the immune reconsti-
tution in�ammatory syndrome (IRIS), in which previously 
unrecognized diseases become unmasked or the symptoms 
of a known disease deteriorate a�er initial improvement.78 
Pleural e�usions have been documented as part of IRIS 
related to tuberculosis and KS.34,79 �e symptoms of IRIS 
should be managed with anti-in�ammatories and steroids. 
Rarely, discontinuation of HAART is required, but this may 
lead to progression of the HIV disease.78

PLEURAL DISEASES IN TRANSPLANT 
RECIPIENTS

Worldwide, approximately 113,000 solid organ trans-
plants were performed in 201180 and approximately 
50,000 �rst-time hematopoietic stem cell transplants 
(HSCTs) were performed in 2006.81 In the United States, 
in 2011 approximately 15,000 HSCTs and 28,000 solid 
organ transplants were performed.82 Immunosuppressed 
transplant recipients are at high risk for the development 
of infections and malignancies. �e incidence of pleu-
ral diseases in transplant recipients varies according to 
the transplant type. Causes of pleural e�usion  in  trans-
plant recipients include  immunosuppressant  medications, 
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infections,  and  malignancies  (Table  27.4).  Some  of the 
pleural complications, such as post-transplant infection 
and post-transplant lymphoproliferative disorder (PTLD), 
relate to the level and duration of immunosuppression 
and are not organ speci�c.83 Infectious pleural complica-
tions are likely to occur more frequently in HSCT recipi-
ents during the immediate post-transplant period as the 
result of  the  pre-transplant conditioning  regimen and 
leukopenia.

Pleural e�usions develop in almost all lung and heart, 
as well as the majority of liver, transplant recipients in the 
immediate post-transplant period because of the prox-
imity of the surgical sites to the pleura. Pleural e�usion 
is less common in kidney transplantation. �e majority 
of intestinal transplant recipients also receive other solid 
organ transplants. �ere is paucity of data about pulmo-
nary and pleural complications in intestinal transplant 
recipients. Pleural e�usion develops in 10%–39% of HSCT 
recipients.84 

Pleural e�usions in transplant recipients should be man-
aged in the standard manner with thoracentesis to evaluate 
etiology, with the exception of pleural e�usions occurring 
in the immediate postoperative period of lung transplan-
tation without associated evidence of infection. �ese can 
be attributed to the surgery and managed without sending 
laboratory studies.83 �e same is probably true for heart 
transplant85 and for right-sided pleural e�usions in liver 
transplant recipients.83 If these pleural e�usions fail to 
resolve as expected, then a full diagnostic evaluation should 
be undertaken.

INFECTIOUS CAUSES

Viruses, bacteria, mycobacteria, fungi, and protozoa cause 
pleural space infections in transplant recipients. �ese may 
be related to pneumonia or may occur in isolation. Pleural 
space infections occur in approximately 7% of lung trans-
plant86 and 3% of liver transplant recipients.87 Pleural space 
infection is associated with increased mortality in lung 
transplant recipients.86

Bacteria

�ere are a few rigorous studies of the bacterial etiologies 
of infectious pleural e�usions in transplant recipients. �e 
pathogens cited most frequently as causes of pneumonia, 
parapneumonic e�usions, and empyema in transplant 
recipients are gram-negative rods, including Pseudomonas 
aeruginosa, Enterobacteriaceae, Acinetobacter baumannii, 
and Staphylococcus aureus.88,89 Rarer causes include Listeria 
monocytogenes,90 Burkholderia cepacia,91 Legionella,92 and 
Eubacterium plautii.93

Because chyle is bacteriostatic, infected chylothorax 
is uncommon. However, infected chylothorax has been 
reported in a kidney transplant recipient.94

Mycobacteria

In endemic areas and in patients at high risk for 
Mycobacterium tuberculosis infection, tuberculous pleural 
e�usion should be included in the di�erential diagnosis. 
�e measurement of ADA activity in pleural �uid provides 
a good tool for the diagnosis of tuberculous pleural e�u-
sion in transplant recipients.95 �e treatment of tubercu-
losis in transplant recipients is complicated by interactions 
between the rifamycins and the calcineurin inhibitors. �e 
American �oracic Society (ATS) guidelines recommend 
checking drug levels regularly and substituting rifabutin for 
rifampin due to its less severe interactions.39

Fungi

Candidiasis and aspergillosis infections are common in 
 transplant recipients, especially those with prolonged neu-
tropenia and prior antibacterial treatment. In lung trans-
plant recipients, fungi are the most common cause of pleural 
space infection in the early postoperative period.86 Candida 
 albicans is found most frequently in this setting. Hemo-
thorax may be seen in transplant recipients with Aspergillus 
pneumonia.96 �ere are case reports of pleural involve-
ment by cryptococcal,97–99 histoplasma,100 Pneumocystis,101 
Mucor,102 Rhizopus,103 and Chaetomium104 fungal infections.

Other infections

Although an infrequent cause of pneumonia in transplant 
recipients, Toxoplasma gondii may be associated with pleu-
ral e�usion.105 Small pleural e�usions associated with CMV 
pneumonia may be seen in transplant recipients.106,107

Table 27.4 Causes of pleural effusion in transplant 
recipients

Infections
Bacterial
Viral
Mycobacterial
Fungal
Protozoan
Neoplasm
PTLD
Lymphoma
Lung cancer
Mesothelioma
Miscellaneous
Surgery
Rejection
Reperfusion lung injury
Obstruction of pulmonary venous anastomosis
GVHD
Urinothorax
Budd–Chiari syndrome
Medications (e.g., sirolimus and imatinib)
Capillary leak syndrome



368 Effusions in immunocompromised hosts

MALIGNANT CAUSES

Post-transplant lymphoproliferative 
disorder

�is disorder includes a heterogeneous group of diseases 
ranging from a benign reactive lymphoid hyperplasia to 
a high-grade malignant lymphoma.108 In a review of solid 
organ transplant and HSCT recipients, thoracic involve-
ment by PTLD was reported in 0.2%.109 PTLD may involve 
the pleura110 and rarely manifests as a primary e�usion 
without solid organ involvement.111,112 Chylothorax has 
been reported in a heart transplant recipient with PTLD.96 
Flow cytometric studies of the pleural �uid are diagnostic 
for PTLD. �e treatment of PTLD involves reduction of 
immunosuppression.

Other hematologic malignancies

Transplant recipients are at risk for the development of NHL 
with pleural e�usion. �ere are reports of pleural e�usions 
caused by Burkitt-like lymphoma and HHV-8-associated 
KS and PEL in solid organ transplant recipients.113–115 
Relapse of the underlying hematological malignancy may 
involve the pleura in HSCT recipients.116

Non-hematologic malignancies

Transplant recipients with smoking and asbestos expo-
sure history are at high risk for bronchogenic carcinoma 
and malignant mesothelioma. Several reports have shown 
an increased risk of secondary malignancy following 
HSCT, some of them associated with malignant pleural 
e�usion.117,118

 INFLAMMATORY AND OTHER  
CAUSES

Lung transplant recipients

Immediately a�er lung transplant, pleural e�usion occurs 
universally and typically resolves over 9 days. �ese early 
post-transplant pleural e�usions are bloody neutrophil-
predominant exudates.83,119 In single lung transplant recipi-
ents, the e�usion develops on the same side as the gra�.119 
Pleural �uid output as well as its cellularity, lactate dehydro-
genase, and total protein content decrease rapidly over the 
�rst week following lung transplant.83 Less than 1% of cells 
in the pleural �uid are of donor origin by the eighth day of 
transplant.120 �e pathogenesis of pleural e�usion early in 
the post–lung transplant period is attributed to increased 
permeability of alveolar capillaries due to allogra� isch-
emia and reperfusion as well as the disruption of lymphatic 
drainage.83

Approximately one-third of lung transplant recipients 
develop pleural e�usions 2 weeks to 3 months post trans-
plant.86,121 �ese late post-transplant pleural e�usions 

are usually lymphocyte-predominant exudates.121 Up to 
 one-third of late pleural e�usions are infected, and these 
e�usions have higher neutrophil counts.86 Determination 
of pleural space infection post lung transplant can be dif-
�cult given that almost all pleural e�usions are exudates; 
therefore, it is important to send cultures at the time of 
thoracentesis.

Stenosis or thrombosis of the pulmonary venous anas-
tomosis may cause venous out�ow impairment leading to 
unilateral edema and pleural e�usion.122 �e pulmonary 
reimplantation response, a form of non-cardiogenic pul-
monary edema that begins soon a�er lung transplant and 
resolves in days to weeks, may be associated with pleural 
e�usion.123 Reperfusion injury, rejection, and infection 
may lead to gra� failure a�er lung transplant, resulting in 
capillary leak syndrome with pleural e�usion.120 Pleural 
e�usions can occur in the setting of acute rejection. �ese 
are typically lymphocyte-predominant exudates.124 Pleural 
e�usions in lung transplant recipients may also result from 
subpleural hematoma, chylothorax, and hemothorax.91 
Persistent chylothorax and hemothorax may necessitate 
thoracic duct and bronchial artery ligation.91

Pleural complications, commonly air leak and loculated 
pleural e�usion, occur in approximately 35% of living donor 
lung recipients.125

Heart transplant recipients

Up to 85% of heart transplant recipients develop pleural 
e�usion in the �rst year a�er transplant.85,96 �e major-
ity are bilateral, and their composition has not been well 
studied.85

Liver transplant recipients

Up to 70% of liver transplant recipients develop pleural 
e�usions usually in the �rst week.126,127 �e e�usions are 
predominantly on the right side, and the majority are tran-
sudates.87 Many are small and resolve within a few days.126 
�oracentesis should be considered for pleural e�usions that 
enlarge or persist more than a week a�er transplantation to 
evaluate for infection or other complications. Infected pleu-
ral e�usions are associated with increased mortality.87 If 
postoperative pleural e�usions in liver transplant recipients 
get larger, subdiaphragmatic processes, such as hematoma, 
biloma, and abscess, should be suspected.128

Although stenosis of the suprahepatic inferior vena 
caval anastomosis is rare a�er liver transplantation, it may 
cause signi�cant obstruction to venous drainage from the 
allogra� liver, resulting in Budd–Chiari syndrome with 
massive ascites and pleural e�usion.129

Kidney transplant recipients

�e causes of pleural e�usion a�er renal transplanta-
tion have not been extensively studied; however, there 
are case reports of a number of complications speci�c to 
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this population including urinothorax caused by urinary 
obstruction,130,131 pleural e�usion and ascites occurring as 
the result of surgical management of a postoperative lym-
phocele,132 and pleural e�usion due to stenosis of the subcla-
vian vein causing increased �ow through a still functioning 
arteriovenous (AV) �stula.133 Lymphocytic, exudative pleu-
ral e�usion secondary to sarcoidosis, which resolved follow-
ing corticosteroid therapy, has been described in a kidney 
transplant recipient.134

Hematopoietic stem cell transplant 
recipients

Pleural e�usions occur in 10%–39% of HSCT recipients.84 
�e most common cause is thought to be volume overload 
from aggressive intravenous �uids and blood products.135 
Causes of pleural e�usion speci�c to HSCT recipients 
include hepatic veno-occlusive disease, gra�-versus-host 
disease (GVHD), and capillary leak syndrome.136–138 Hepatic 
veno-occlusive disease is the most common life-threatening 
complication of HSCT.136 Patients present with jaundice, 
painful hepatomegaly, and ascites or weight gain within 
2 weeks of HSCT. Up to half of allogeneic HSCT recipients 
with hepatic veno-occlusive disease may develop pleural 
e�usion.139 HSCT recipients with severe GVHD (either 
acute or chronic) may develop pleural e�usions associ-
ated with pericardial e�usion and ascites.137 Capillary leak 
syndrome occurs commonly a�er HSCT, presenting with 
weight gain, ascites, and edema. �e clinical manifestations 
can also include non-cardiogenic pulmonary edema and 
pleural e�usions.138

 PLEURAL DISEASES IN 
HEMATOLOGICAL MALIGNANCIES

Nearly all hematological malignancies can present with 
or lead to pleural e�usions during their clinical course. 
Patients with hematological malignancies are also at risk 
of developing pleural e�usions as complications of immu-
nosuppressive medications and infections with bacteria or 
viruses.84

Up to 30% of lymphomas are associated with pleural 
e�usion.84 �e most common cause of pleural e�usion in 
NHL is pleural involvement by the lymphoma; in Hodgkin 
lymphoma, it is obstruction of lymphatic return.84 Pleural 
e�usions in lymphomas are usually exudates.84 Transudates 
can occur as a result of venous compression or as a reac-
tion to lymphomatous involvement of lung parenchyma.84 
Obstruction of the thoracic duct by lymphoma or radiation-
induced �brosis may lead to chylothorax.84 Radiation ther-
apy may also cause radiation pleuritis.84 

As well as the standard laboratory tests, if lymphoma 
is suspected, pleural �uid should be sent for cytological 
examination, �ow cytometry, and cytogenetic analy-
sis.84 �ese  studies can de�ne the type of lymphoma.84 

Pleural  biopsy is required for diagnosis if pleural �uid 
analysis fails to determine the cause of the e�usion.84 In 
most patients with pleural e�usions due to lymphoma, the 
pleural �uid responds to treatment of the primary dis-
ease, whereas resistant or relapsing cases may necessitate 
pleurodesis.84

Pyothorax-associated lymphoma, mostly reported from 
Japan, is an NHL that develops in the pleural cavity a�er a 
long-standing history of pyothorax, usually in patients who 
have undergone therapeutic pneumothorax for the treat-
ment of pulmonary tuberculosis.140 It develops in approxi-
mately 2% of patients with chronic pyothorax, 19–64 years 
a�er the therapeutic pneumothorax. In the majority of 
these patients, the lymphoma cells are large atypical B 
cells and express latent gene products of EBV. Most of the 
patients are elderly with multiple comorbidities. Treatment 
includes chemotherapy, radiation therapy, and surgery, 
alone or in  combination.140 �e 5-year survival rate is 
approximately 35%.

Pleural e�usions are an uncommon clinical problem 
in leukemia, although autopsy studies have found pleural 
in�ltration with malignant cells in 10%–15% of patients 
with acute leukemia.84 Pleural e�usions may be hemor-
rhagic if they are due to leukemic pleural in�ltration.84 
Extramedullary hematopoiesis may cause pleural e�usion 
in chronic myelocytic leukemia.84 

Pleural e�usion occurs in approximately 6% of patients 
with multiple myeloma and may be caused by nephrotic 
syndrome, pulmonary embolism, and congestive heart fail-
ure.84 Myelomatous pleural involvement is rare, occurring 
in less than 1% of cases and mostly in IgA-type multiple 
myeloma.84

 PLEURAL EFFUSION IN PRIMARY 
IMMUNE DEFICIENCIES

Primary immunode�ciencies have a prevalence in the 
United States of about 1 in 1200.141 Although many cases 
of primary immune de�ciency are diagnosed in childhood, 
the diagnosis may be delayed until adolescence or early 
adulthood. Humoral de�ciencies are the most common.142 
Infectious complications are frequent manifestations of 
primary immune de�ciencies (Table 27.5). Although pul-
monary infections are common, the incidence of parapneu-
monic e�usions and empyema has not been well described.142

 PLEURAL DISEASES IN OTHER 
IMMUNOCOMPROMISED  
PATIENTS

�e spleen acts as a �lter for particulate antigens and 
opsonized microorganisms in the circulation and plays 
roles in both innate and adaptive immune responses.143 
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In  addition to congenital asplenia and splenectomy, 
 functional  hyposplenism is associated with sickle cell dis-
ease, celiac disease, sarcoidosis, systemic lupus erythema-
tosus, ulcerative colitis, and amyloidosis.143 Polysaccharide 
capsular organisms, including Streptococcus pneumoniae, 
H. influenzae, and Neisseria meningitidis, are the most 
common pathogens causing sepsis in patients with 
hyposplenism.143 Although patients with hyposplenism 
appear to be at high risk for complicated parapneumonic 
e�usions and empyema, there is paucity of data in the 
published literature.

Immunosuppressant medications that are utilized to 
treat malignancies and connective tissue diseases may 
be associated with pleural e�usions and are discussed in 
Chapters 28 and 29.

SUMMARY

�e global spread of HIV infection and the utilization of 
immunosuppressant medications and transplant to treat 
various diseases have led to an increased number of immu-
nocompromised hosts. Infectious and noninfectious pleu-
ral complications occur as the result of immunode�ciency. 
Despite the heterogeneity of the conditions causing immu-
node�ciency, future prevention should focus on minimizing 
the level of immunosuppression and �nding prophylac-
tic measures to reduce the risk of pleural complications. 
Currently, the diagnostic approach to pleural e�usion does 
not di�er signi�cantly between the immunocompromised 
host and the immunocompetent patients except that a more 
urgent and more comprehensive battery of tests may be 
indicated. 
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 INTRODUCTION

Pleural e�usion and pleuritic chest pain are common in sys-
temic lupus erythematosus (SLE) and rheumatoid arthritis 
(RA), two of the most common connective tissue diseases 
(CTDs) associated with pleural disease. �e reported preva-
lence, natural history, and course of the pleural involvement 
vary considerably. �e data available for the other CTD are 
limited, as they are rare themselves.

It is important to recognize that the prevalence and 
severity of pleural involvement depends mainly on the 
nature and the characteristics of the population studied. As 
medicine is progressing, patients with milder disease are 

increasingly recognized, helping us to understand better 
the clinical history of these diseases. Additionally, the use of 
newer imaging techniques allows the detection of previously 
unsuspected e�usions of doubtful clinical  signi�cance. 
�e reported prevalence of pleural disease depends upon 
whether the patients are investigated for symptomatic pleu-
ral disease, screened radiographically, or undergo computer 
tomography (CT) as per protocol.

�e diagnostic problem with the pleural e�usions in 
CTDs is that the e�usion can be formed not only due to the 
underlying immunologically mediated in�ammatory disor-
der but also due to cardiac disease, pulmonary embolism, 
pneumonia, or empyema. A further problem is the  existence 
of overlap autoimmune syndromes.

KEY POINTS

 ● Pleural involvement is common in connective tissue diseases.
 ● Pleural involvement is the most common respiratory manifestation of SLE.
 ● More studies are needed in order to understand the prevalence, pathophysiology, natural history and therapy of 

pleural involvement of connective tissue diseases.
 ● Medical thoracoscopy can help in understanding and investigating pleural e�usions in patients with connective 

tissue diseases.
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 SYSTEMIC LUPUS ERYTHEMATOSUS

INCIDENCE

Pleural involvement (lupus pleuritis) is a common mani-
festation in SLE and it is included in the American College 
of Rheumatology diagnostic criteria for SLE.1 Pleural e�u-
sions clinically apparent have been reported in 30%–50% of 
patients with SLE.2–8 In up to 93% of cases, pleural e�usions 
are reported at necropsy.9–11 Although SLE is considered a 
disease of women of child bearing age, there are reports 
with lung involvement more common in men12,13 or in 
women.2

E�usions are usually small and bilateral but may be uni-
lateral with equal distribution between right and le� side.14 
However, large e�usions can occur and can be the �rst 
presentation.15

Pleuritic pain is present in 45%–60% of patients and 
may occur with or without pleural e�usion.16 In a study of 
110 patients with SLE, 35 of 110 (31.8%)17 patients reported 
pleuritic chest pain. �irty-nine of 110 patients (35.5%) had 
experienced pleuritis at some point in their disease course. 
However, since many patients with transient pleural dis-
ease are asymptomatic, the exact prevalence is di�cult to 
determine.

�e clinical features of SLE, including the frequency of 
pleural disease, also vary signi�cantly among di�erent eth-
nic groups.18–23

CLINICAL MANIFESTATIONS

�e typical presentation of pleural involvement in SLE 
is acute chest pain with pleuritic characteristics which is 
accompanied by dyspnea, cough, and fever. �e pain can be 
unilateral or bilateral,11 o�en distressing and prolonged,11,24 
sometimes requiring pleurectomy a�er failure of medical 
therapy.25

Lupus pleuritis is the presenting symptom in about 5% 
of SLE patients,26 although 30%–50% of patients with SLE 
will develop symptomatic pleural in�ammation during the 
course of their disease.27 �e presence of pleural disease 
is usually accompanied with multisystem involvement.28 
In elderly patients with SLE, pleural involvement is more 
common.29

Pleural e�usion can be also due to renal involvement, 
pulmonary embolism, parapneumonic e�usion, and heart 
failure.26 Pleuritis is also a common manifestation of drug- 
induced lupus syndromes (see Chapter 29).

Radiographic imaging

Pleural e�usions are usually bilateral and small to moderate 
in size but may be unilateral and massive on chest x-ray.5,30,31 
Other abnormalities noted on chest radiography include 
alveolar abnormalities, atelectasis, and cardiomegaly.

DIAGNOSIS

SLE pleuritis should be considered in any patient with an 
exudative pleural e�usion of unknown etiology.32 �e 
major diagnostic problem is in patients with nonspeci�c 
arthritis and pleuritis where a di�erential diagnosis of 
rheumatoid pleural disease must be done (see Section 28.3). 
Measurement of lactic acid in the pleural �uid has been pro-
posed as a rapid tool to di�erentiate between bacterial pleu-
ral in�ammation and other causes of exudative e�usions.33

Pleural fluid analysis

�e pleural �uid in SLE patients is an exudate which may be 
serous, serosanguinous, or bloody.26 High concentration of 
protein ( >3.5 g/dL) and lactate dehydrogenase (LDH) rarely 
exceeding 500 U/L characterize the pleural �uid.5 �e leu-
kocyte count ranges from few hundred to 15,000 μL and the 
predominant nucleated cells can be polymorphonuclears or 
monocytes or lymphocytes in chronic  e�usions.3,5 Pleural �uid 
eosinophilia is generally considered to rule out under lying 
SLE.34 �e pleural �uid pH is usually greater than 7.30, and 
the glucose level is usually greater than 60 mg/ dL.35 However, 
there are reports of lowglucose and pH levels in pleural e�u-
sions due to SLE and drug-induced SLE patients.5

Reductions in pleural �uid complement levels2,36 are 
helpful in di�erentiating e�usions caused by other con-
nective tissue disorders. Low pleural �uid total hemolytic 
complement, C1q binding, and C3 and C4 values have been 
reported in SLE patients. However, complements are also 
low in rheumatoid pleural e�usions.37 Elevated CA 125 
levels have been founded the pleural �uid of a number of 
CTDs, including SLE.38,39

Fluid lupus cells

Several decades before, the diagnosis of lupus included the 
lupus erythematosus (LE) cell assay. Autoimmune  serology 
techniques such as antinuclear antibody staining have 
replaced the LE cell assay. LE cells are found occasionally in 
serous e�usions of SLE40–46 and may appear at the onset or later 
in the disease course.47 �ere are reports in which the presence 
of LE cells in pleural e�usions is regarded highly speci�c for 
the diagnosis of SLE.40–43,48,49 �e in vitro �nding of LE cells 
was considered diagnostic of SLE by the American College of 
Rheumatology until 1997 when the use of in vitro prepared 
LE cells was dropped as a diagnostic criterion48 as they are 
not easy to detect, although, as suggested, the incubation of 
the pleural �uid at room temperature for several hours may 
enhance the LE cell phenomenon.49 Also, LE cells have been 
reported in e�usions from rheumatoid joints50 and in pleu-
ral e�usions without clinical evidence of SLE.47 Additionally, 
LE cells are not found in the pleural of all patients with lupus 
pleuritis and are usually associated with the presence of serum 
LE cells. �e added diagnostic value of pleural LE cells is a 
matter of debate as the reported results are con�icting.51
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Pleural fluid antinuclear antibodies

Serum antinuclear antibodies (ANA) have long been used 
as a serological test for diagnosis of SLE. �ere are reports 
suggesting that measurement of the ANA levels in pleural 
�uid is the best test for establishing the diagnosis of lupus 
pleuritis.5,52 On the contrary, there are other reports stat-
ing lower speci�city of the pleural ANA test.53,54 In several 
studies the pleural e�usion ANA at a titer of ≥1:160, a pleu-
ral e�usion to serum ANA ratio of ≥1 and homogeneous 
staining pattern of pleural e�usion ANA has been reported 
to have high diagnostic value.5,52–55 In a study by Porcel 
et al.,55 the frequency of pleural �uid ANA in patients with 
lupus pleuritis was 100% at ≥1:160 dilution, meaning that 
the negative predictive value of a negative ANA in pleural 
�uid is so high that it eliminates SLE from the di�erential 
diagnosis. In a recent study by Toworakul et al.56 reported 
that pleural e�usion ANA at a titer of ≥1:160 is a sensitive 
(91.67%) and speci�c diagnostic biomarker in lupus pleu-
ritis in patients with SLE. Also, the authors report that the 
pleural e�usion to serum ANA at a ratio ≥1 and the stain-
ing pattern of ANA, are not reliable markers in identifying 
lupus pleuritis. Summarizing all their �ndings, the authors 
suggest performing ANA testing in e�usions of uncertain 
etiology in patients with clinically suspected SLE.

TREATMENT

Treatment of pleural disease depends on the severity of 
symptoms. Small asymptomatic e�usions usually do not 
require treatment.32 �e majority of cases of lupus pleuri-
tis respond well either to nonsteroidal anti-in�ammatory 
therapy or low doses of corticosteroid therapy.57

In e�usions that are resistant to low doses of corticoste-
roids, higher doses may be needed, or therapy with immu-
nosuppressants such as azathioprine, hydroxychloroquine, 
monthly cyclosporine courses, or intravenous immunoglob-
ulin can be tried.58,59 Recurrent pleural e�usions respond to 
tetracycline60,61 or talc pleurodesis.62

PROGNOSIS

Small e�usions do not require any treatment, usually resolve 
spontaneously and have no known prognostic signi�-
cance.32 Conversely, pleuritic pain appears to be an adverse 
prognostic marker,32,63,64 with a mean survival of less than 
4 years in a�ected cases.32

RHEUMATOID ARTHRITIS

INCIDENCE

�e prevalence of pleural disease in RA has been estimated 
at 5%, but up to 20% of patients may have related symptoms 

at sometime during the course of their disease.65 Whereas 
autopsy studies identi�ed pleural disease in 38%–73% of 
patients with RA, only about 20% had complained of pleu-
risy.66 In a study of 309 patients with RA, on chest x-rays, 
evidences of pleural disease (pleural thickening and/or 
e�usion) were found in 24% of men and 16% of women as 
compared with 16% and 8% of control subjects.66 Patients 
with RA and pleural e�usion are usually middle aged men 
(80%), with high titers of rheumatoid factor [RF], rheuma-
toid nodules (80%), and a higher prevalence of HLA-B8 
and Dw3.66–69

CLINICAL MANIFESTATIONS

Most of patients with rheumatoid pleural e�usion have 
a small amount of �uid and are usually asymptomatic.70 
Occasionally, the pleural e�usion increases in size and can 
produce thoracic pain with pleuritic characteristics, fever, 
and dyspnea due to the compression of the lung from the 
�uid.3 �e reported frequency of pleuritic chest pain in RA 
patients varies from 30% to 50%.71

Pleural e�usion usually appears years a�er the  diagnosis 
of RA but in one-fourth of the cases it can precede or 
occur simultaneously with the evolution of the arthri-
tis.69 However, no correlation has been found between the 
appearance of rheumatoid pleural e�usion and joint disease 
activity.72

Radiographic imaging

�e e�usions are usually unilateral, more frequently on 
the le� side, although bilateral and even migratory e�u-
sions have been reported.73 E�usions are small or moderate, 
but occasionally can be massive74,75 and may be transient, 
chronic, or recurrent.26

Up to one-third of patients have simultaneous parenchy-
mal lesions such as interstitial lung disease and nodules.26,71

DIAGNOSIS

�e typical rheumatoid pleural e�usion is an exudate with 
high titers of RF, low pH, low glucose, and high LDH  levels. 
�e diagnostic likelihood is increased with male gender, 
age >50 years, long standing arthritis and the presence of 
 subpleural nodules. However, the diagnosis is usually made 
by the exclusion of other causes.

Differential diagnosis

�e main diagnostic challenge is to di�erentiate pleural 
e�usion in combination with arthritis in patients with SLE 
or RA. E�usions in SLE are distinguished from these of RA 
by low (1:40) titers of RF, glucose concentration of pleural 
�uid in excess of 80 mg/dL, LDH levels lower than the upper 
normal limits of serum LDH, and pH >7.35.
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Fluid analysis

�e pleural �uid may be serous, cloudy, greenish-yellow, 
milky, or occasionally hemorrhagic in appearance.26 
Usually, it is an exudate with high concentration of proteins. 
Neutrophils predominate when the thoracentesis is done 
early in the initiations of the acute in�ammatory process, 
while mononuclears will predominate when the evolution 
of the e�usion is longer.

In the biochemical characteristics of the  rheumatoid 
pleural �uid belong a pH <7.20, low glucose level (in 
80% of the cases less than 50 mg/dL), high levels of LDH 
(>1000 U/L) and levels of RF higher than 1:320.76

Whole complement activity and C3 and C4 levels are 
less in RA pleural �uid than in nonrheumatoid e�u-
sions.37 Levels of SC5b-9 (a product of alternate pathway 
complement system activation) are high.77 �e above 
characteristics are found usually in the chronic cases of 
RA which account for 80%–85% of cases while normal pH 
and glucose levels are found in acute rheumatoid pleural 
e�usions.

Elevated levels of ferritin, β2-microglobulin,  angiotensin- 
converting enzyme (ACE) inhibitor, neuron-speci�c  eno-
lase, hyaluronan and hydroxyproline have been reported78 
but the clinical utility of these parameters is uncertain.

Fluid cytology

Pleural �uid cytology is helpful in verifying the diagnosis of 
rheumatoid pleural e�usion. A unique cytologic appearance 
has been described, which consists of granular eosinophilic 
necrotic material surrounded by a palisade of elongated 
mesenchymal cells and occasional giant cells.79 Many 
investigators have described the triad of multinucleated 
macrophages, elongated macrophages, and a background 
of granular debris as characteristic of rheumatoid pleural 
e�usions.80–82 �e presence of “RA-cells” or “ragocytes” 
(white blood cells with phagocytic intracellular inclusions 
and ability to liberate RF) has been documented in rheuma-
toid pleural e�usions.69,83 But since these �ndings have low 
speci�city, as they can be found also in malignant pleural 
e�usions84 and in tuberculous pleural e�usions,85 they are 
not recommended as a routine examination.

Glucose

Rheumatoid pleural e�usions characteristically have low 
glucose levels, but the pH can be normal in acute or recent 
rheumatoid pleurisy. Glucose levels are lower in chronic 
rheumatoid pleural e�usions; with time the levels of glucose 
decrease as low as 10–30 mg/dL. A ratio of pleural �uid glu-
cose to serum levels <0.5 has been documented in 80% of 
rheumatoid pleural e�usions.86

�e thickened pleura causes impaired glucose transport 
from the blood to the pleural �uid resulting in low pleural 
levels of glucose. Another explanation is the increased con-
sumption of glucose from in�amed pleura.87

Cholesterol

High cholesterol levels in pleural �uid of patients with RA 
have been reported.73 Documentation of cholesterol crystals 
and lecithin–globulin complexes is useful for distinguish-
ing between pseudochylous rheumatoid pleural e�usions 
and triglyceride rich e�usions due to ruptured lymphatics.88 
Cholesterol crystals can be documented microscopically 
and con�rmed with polarized light.88

Infection

Although empyema it is not uncommon in RA, its exact 
prevalence is unknown. It is equally distributed in women 
and men, and usually develops lately in the course of the 
arthritis. In a study by Jones and Blodgett, 10 patients with 
rheumatoid pleural e�usion were followed for a 5-year 
period; �ve of them developed empyema.89 In another 
study of 67 non-TB and nonmalignant empyema, three had 
a history of RA.90 Among 516 RA patients, 19 patients were 
reported with rheumatoid pleural e�usion and only one of 
them had an empyema.91

Empyema in patients with RA usually develops due to 
microbial colonization of necrotizing subpleural rheuma-
toid nodules.92 �e prognosis of empyema in RA patients 
depends on the virulence and the type of infection, as well 
as the immunological status of the patient. Mortality ranges 
from 1% to 19% and is markedly high in immunocompro-
mised patients.93

Biopsy

�ickening of the visceral and parietal pleura is character-
istic in rheumatoid pleural e�usion. �ere is a characteristic 
replacement of the normal mesothelial cells by epithelioid 
cells with multinucleated giant cells. Also, areas resembling 
rheumatoid pulmonary nodules have been described.69,94

�oracoscopy has been used to explore and biopsy the 
parietal pleura in patients with pleural e�usion and RA.69 
�e parietal pleura has a gritty or frozen appearance with 
numerous small vesicles, granules, and nodules. �e size of 
the nodules ranges from 2 to 7 mm in diameter. �ey can be 
single or multiple.89

Pleural biopsy is not a routine examination in patients 
with rheumatoid pleural e�usion. It is indicated in atypical 
cases such as absence of arthritis, chylous pleural e�usion, 
suspected TB, or malignancy.95

TREATMENT

Most rheumatoid pleural e�usions are small and asymptom-
atic and do not require speci�c treatment. �e time of reso-
lution of the pleural e�usion varies but it can take months 
or in some cases even years for the �uid to be absorbed 
 completely.69,89,96 Some patients respond to repeated thora-
centesis,69 while others respond to basic RA treatment.97
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�ere are reports suggesting complete resolution with 
high doses of oral corticosteroids in patients with recurrent 
pleural e�usions.68,70,98 However, there are reports were high 
dose oral corticosteroids were not e�ective in treating rheu-
matoid pleural e�usions.

�ere are con�icting results about the use of intrapleu-
ral corticosteroids in patients with rheumatoid pleural 
e�usion.72,91,99,100

Pleural decortication is needed in cases of persistent 
pleural e�usion in order to prevent pleural �brosis and lung 
volume restriction.92

SYSTEMIC SCLEROSIS

Pleural e�usions are uncommon (<10%)101,102 and usually 
asymptomatic in patients with systemic sclerosis (SSc). 
Pleural e�usions were identi�ed in 7% of 58 scleroderma 
patients and were more frequent in di�use disease (10%).102 
Pleuritis is o�en associated with pericardial e�usion; 17% in 
patients with di�use scleroderma.

In a postmortem series of 28 patients with scleroderma, 
24 (86%) were found to have pleural thickening and sub-
pleural cystic changes.103

SJOGREN’S SYNDROME

Pleural e�usions are rare in primary Sjogren’s Syndrome 
(SS). Pleural e�usion is more o�en associated with SS sec-
ondary to RA or SLE.

�ere were no patients with pleural e�usion in vari-
ous series regarding the prevalence of pleural e�usion in 
patients with primary SS.104–107

In a study of 343 patients with secondary SS, �ve patients 
had roentgenographic evidence of pleural e�usion.108

In the few reports of pleural e�usions associated with 
 primary SS, the pleural e�usions were usually  bilateral,104,109–111 
but there was a report where the pleural e�usion was unilat-
eral.112 �e pleural �uid is an exudate with high content of 
B-lymphocytes (mainly CD3+ and CD20+), normal levels 
of pH and glucose and low levels of adenosine deaminase 
(ADA).111–113 �e titers of RF and ANA are usually positive, 
as well as those of anti-SS-A/anti-SS-B antibodies.95 Analysis 
of pleural �uid T-cell receptor beta-chain variable (V beta) 
regions revealed overexpression of V beta gene products, 
including V beta 2 and V beta 13, previously shown to be over-
represented in salivary glands of SS patients.104

E�usions usually resolve either spontaneously113 or with 
corticosteroids.109,111

ANKYLOSING SPONDYLITIS

Pleural involvement in patients with ankylosing spondylitis 
(AS) is rare. Pleural thickening or empyema can be encoun-
tered in patients with apical �brocystic disease.

Only a few cases of pleural e�usions in patients with AS 
have been reported.114–116 In a retrospective study of 2080 
patients with AS, pleural e�usion was found in only three 
cases, di�use pleural thickening in one, and spontaneous 
pneumothorax in another one.117

�e pleural e�usion is usually an exudate, with normal 
levels of pH and glucose.

  POLYMYOSITIS/DERMATOMYOSITIS

Pleural disease is infrequent in these conditions,118 and it is 
not presented as an isolated entity but usually in association 
with interstitial lung disease.119

Two patients with massive pleural e�usion have been 
reported by Miyata et al.,118 and both of them had coexist-
ing interstitial lung disease. In a recent report, Sugie et al.120 
reported a patient with dermatomyositis who presented with 
rapidly developing severe muscle weakness complicated by 
a massive pleural e�usion with interstitial lung disease.

It is recommended to perform thoracentesis in patients 
with polymyositis/dermatomyositis, since dermatomyositis 
is associated with malignancy.121

MIXED CONNECTIVE TISSUE DISEASE

It is believed that the pleural e�usion in this clinical entity 
is due to serositis but it could also result from adjacent 
in�amed intercostal muscles.122 Pleural e�usions have been 
reported in 50% of the patients during the course of the 
disease.123–126 In a retrospective study of 81 patients with 
mixed CTD, 6% presented with pleural e�usion while 3% 
presented with pleural thickening.127

�e e�usion is usually exudate with predominance of 
polymorphonuclears, high levels of proteins, and LDH and 
normal glucose levels.128

EOSINOPHILIA–MYALGIA SYNDROME

Pleural e�usions are reported in patients with eosinophilia–
myalgia syndrome (EMS). In a large series of 1531 patients, 
pleural e�usions were reported in 12% of the 718 patients 
that underwent chest x-ray.129 In another smaller study six 
out of 18 patients (33%) with EMS were reported to have 
pleural e�usions.130

E�usions are usually bilateral and the �uid is a sterile 
eosinophilic exudate.130,131

CHURG–STRAUSS SYNDROME

Pleural involvement is frequent in Churg–Strauss syndrome 
(CSS). �e reported prevalence was 29% in a study reviewing 
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the literature before 1984.132 Two of nine patients with CSS 
had pleural e�usion in a retrospective study characterizing 
the thoracic manifestations of CSS.133 In a recent study, 18% 
of patients with CSS had pleural e�usion.134

�e pleural �uid is an exudate with low glucose, low C3, 
eosinophilia, and markedly increased RF.135

WEGENER’S GRANULOMATOSIS

�e incidence of pleural e�usion in patients with Wegener’s 
granulomatosis (WG) is reported to be between 5% and 
55%.136,137

�e e�usions are usually unilateral and small although 
they can be bilateral. �e �uid is an exudate with a pre-
dominance of neutrophils with protein levels between 3.8 
and 5.7 mg/dL.138 �ere are three reports of pleural e�usion 
being the presenting symptom of patients diagnosed with 
WG.139,140

Pleural e�usions are not usually a clinical problem and 
they resolve with corticosteroid therapy.

 FUTURE DIRECTIONS

More studies are necessary in order to understand bet-
ter the prevalence, pathophysiology, natural history, and 
therapy of the involvement of the pleura in CTDs. CTDs are 
uncommon and the involvement of the pleura even more 
rare. �at’s why multicenter studies are needed in order to 
increase the number of patients investigated and reported.

Medical thoracoscopy, a minimally invasive procedure 
can help in investigating and understanding pleural e�u-
sions in patients with CTDs.
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KEY POINTS

 ● Drug-induced pleural e�usion may occur as an isolated disorder, accompany parenchymal disease, or appear in the 
context of systemic reactions.

 ● Attributing a pleural e�usion to a speci�c drug may prove a complicated task. It de�nitely requires the exclusion 
of all other potential causes while the �nding of existing literature reports on similar cases may be supportive. Of 
fundamental importance is however the resolution of the e�usion with drug discontinuation and its recurrence 
a�er rechallenge, if possible.
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GENERAL CONSIDERATIONS

Pleural e�usions represent the most common manifesta-
tion of drug-related pleural disease while pleural �brosis 
and pneumothorax may also occur. Drug-induced pleu-
ral e�usions may occur as an isolated disorder, accom-
pany parenchymal disease, or appear in the context of 
systemic reactions. Pathogenetic mechanisms, though 
mostly unclear, have been proposed to include hypersensi-
tivity reactions, oxidative stress from dose-dependent toxic 
e�ect on mesothelial cells, �uid retention, and chemical 
in�ammation.1 Information concerning the clinical pre-
sentation and the course of drug-induced pleural disorders 
is of limited scienti�c quality since it mostly comes from 
case reports and case series. �e relative scarcity and clini-
cal heterogeneity of drug-related pleural disease hampers 
a systemic approach that would assist the development of 
diagnostic and therapeutic algorithms.

PATIENT MANAGEMENT

Attributing a pleural disorder to a speci�c drug may prove 
a complicated task. Patients usually complain of exer-
tional dyspnea, cough, or chest pain. Constitutional symp-
toms (i.e., malaise and weight loss) may also be present. 
Symptoms may occur acutely a�er the �rst dose of a new 
medication or appear years later. However, a latent time of 
weeks to months is the general rule. Pleural �uid features 
vary greatly and are not indicative of the diagnosis. �en, 
how can a causal relationship between a disorder and a drug 
be established? Initially, all other potential causes should be 
excluded. Existing literature reports on similar cases can 
be supportive. Resolution with drug discontinuation and 
recurrence a�er rechallenge, if possible, are of fundamen-
tal importance. Another useful tool for this purpose is the 
Naranjo adverse drug reaction probability scale.2

When drug-related pleural disease is suspected, dis-
continuation of the questioned drug is the cornerstone 
of treatment, though sometimes it may be irreplaceable. 
Although drug discontinuation is usually su�cient, cor-
ticosteroids are sometimes administered because a hyper-
sensitivity reaction is suspected or limitation of pleural 
in�ammation is desirable. With a few exceptions though, 
no su�cient data exist to prove corticosteroid e�ciency. 
Pleural �uid drainage to relieve dyspnea may sometimes 
be required.

CARDIOVASCULAR AGENTS

AMIODARONE

Amiodarone toxicity is dose dependent (>400 mg daily) 
and appears 2–30 weeks a�er �rst administration. 
Pleuropulmonary adverse reactions occur in 5%–10% of 
patients, most o�en as alveolar and interstitial in�ltrates 
or pleural thickening. Pleural e�usions occur rarely and 
usually accompany lung disease.3 �ere are however four 
case reports on isolated pleural e�usions.3–6 �e e�usions 
appear 2.5 months to 6 years (more o�en later than 6 
months) a�er drug initiation. �ey are typically bilateral, 
asymmetric in size, but can also be unilateral. Symptoms 
include progressive dyspnea, nonproductive cough, 
fever, and weight loss. �e �uid is usually a lymphocyte- 
predominant exudate. Foamy macrophages similar to 
those observed in bronchoalveolar lavage may be found.3 
Two patients with a neutrophil-predominant exudate have 
also been reported, one of them presenting with severe 
chest pain and loculated pleural e�usion.5,6 Treatment may 
include drug withdrawal and corticosteroids depending 
on symptom severity. Improvement usually occurs within 
1–3 months.

BETA-BLOCKERS

Practolol and oxprenolol have been implicated in causing 
pleural e�usion or pleural �brosis.7 Oxprenolol provokes 
progressive pleural �brosis unresponsive to drug discon-
tinuation and corticosteroids.

 ANGIOTENSIN-CONVERTING ENZYME 
INHIBITORS

A unilateral pleural e�usion (low-lactate dehydrogenase 
exudate, 38% eosinophils) with peripheral eosinophilia a�er 
8 years of imidapril treatment was described in a patient 
with low-grade fever, dry cough, and dyspnea.8 Pleural e�u-
sion and peripheral eosinophilia disappeared 6 days a�er 
imidapril discontinuation. Ramipril caused pleuropericar-
dial e�usion and cardiac tamponade in a patient receiving a 
four-drug antihypertensive regimen for 10 years.9 E�usions 
resolved with discontinuation of all drugs and corticoste-
roid administration, to relapse within a week a�er rechal-
lenge with ramipril alone. Pleural �uid was never aspirated 
and corticosteroids were given anew. Cilazapril was linked 
to an exudative lymphocytic pleural e�usion appearing 

 ● Pleural �uid features vary greatly and are not indicative of the diagnosis.
 ● When drug-related pleural e�usion is suspected, discontinuation of the questioned drug is the cornerstone of 

treatment. 
 ● Although drug discontinuation is usually su�cient for the resolution of the e�usion, corticosteroids are occasion-

ally administered despite the scarcity of evidence proving their e�ciency.
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6  months a�er drug initiation. Symptoms included chest 
pain and dry cough.10

DILTIAZEM

Diltiazem was reported to cause bilateral eosinophilic 
pleural e�usion with peripheral eosinophilia. �e e�usion 
occurred 2 months a�er drug initiation and resolved on dis-
continuation. No rechallenge was attempted.11

MINOXIDIL

Minoxidil was implicated in a case of bilateral pleural and 
pericardial exudative e�usions.12 Following drug discontinu-
ation, the e�usions disappeared. With rechallenge, only peri-
cardial e�usion recurred. In another patient with end-stage 
renal disease, minoxidil caused a le�-sided pleural transu-
date unresponsive to hemodialysis.13 �e e�usion disap-
peared with drug withdrawal and relapsed a�er rechallenge.

ERGOT DERIVATIVES

�ey have been used for the treatment of migraine (methy-
sergide, ergotamine) and Parkinson’s disease (bromocrip-
tine, dihydroergocryptine, nicergoline, pergolide, lisuride, 
dopergine, etc.). Pleural lesions develop a�er long-term 
treatment and include pleural �brosis with or without 
pleural e�usion. Fibrinogenesis is probably related to the 
serotoninergic activity of these drugs.14,15 Respiratory 
symptoms develop a�er 6 months to 30 years of drug 
exposure and usually include progressive dyspnea with 
or without cough, pleuritic chest pain, malaise, and  low-
grade fever. When present, pleural �uid is exudative, usu-
ally lymphocytic and rarely eosinophilic. Hemothorax has 
been described with methysergide.16 Laboratory �ndings 
include elevated erythrocyte sedimentation rate (ESR) and 
C-reactive protein, normochromic anemia, and weakly 
positive antinuclear antibodies (ANAs) and rheumatoid 
factor. Drug withdrawal usually improves symptoms within 
months to years. Frequently, residual pleural thickening 
persists. Corticosteroids are commonly used, without ade-
quate proof supporting this practice.

Methysergide, in particular, causes pleuropulmonary 
side e�ects in ~1% of cases.17 Pleural �uid is exudative, pauci-
cellular, clear, or bloody. Pleural biopsies show mononuclear 
in�ammation and �broblast proliferation. Bromocriptine 
causes pleural thickening and pulmonary lesions a�er 
12–48 months of administration in ~6% of the cases.17 In a 
patient with recurrent lymphocytic pleural e�usion, pleural 
biopsy revealed �brosis and in�ltration with lymphocytes, 
plasmocytes, and neutrophils.18 Two cases of eosinophilic 
pleural e�usions have also been described. Cabergoline was 
reported to cause bilateral pleural e�usion and peripheral 
edema a�er 3 years of use. �e signs gradually disappeared 
a�er drug withdrawal. �e association was deemed proba-
ble.19 A ergotamine-induced pleural e�usion that responded 

to colchicine treatment in addition to ergotamine with-
drawal has been reported.20 Pergolide has been associated 
with �brothorax and symptomatic trapped lung.21

TYROSINE KINASE INHIBITORS

 DASATINIB, IMATINIB, AND NILOTINIB

�ey are used to treat chronic myelogenous leukemia 
(CML) or Philadelphia chromosome–positive acute lym-
phoblastic leukemia.22 A common adverse e�ect of imatinib 
is �uid retention causing pleural e�usion in ~1% of patients. 
Diuretics are e�ective. An exudative pleural e�usion 2 days 
a�er imatinib initiation has been also reported.23 Dasatinib 
and nilotinib are used in patients with imatinib-resistant 
disease. Nilotinib causes pleural e�usion in <1% of patients. 
In one case report, the e�usion resolved with drug with-
drawal and corticosteroids, within a week. �e patient 
restarted nilotinib at a lower dosage with no relapse.24

Dasatinib causes pleural e�usion in 7%–35% of patients.22 
�e risk of occurrence and the time (1 week to 53 months) 
from drug initiation to e�usion development are both dose 
dependent and regimen dependent.25,26 Accelerated or blas-
tic phase of CML, multiple comorbidities, and detection of 
high numbers of large granular lymphocytes on peripheral 
blood smears are additional risk factors for the develop-
ment of pleural e�usion.27–29 �e mechanism is not clear 
but an immune-mediated process is suspected.22 Pleural 
e�usions are bilateral in up to 79% of cases, whereas con-
current pericardial e�usion is detected in up to 29% of 
patients.30 Symptoms include cough, dyspnea, and chest 
pain. Pleural �uid is usually a lymphocyte-predominant 
exudate and lymphocytic pleural in�ltration has been 
observed.23 Chylothorax without a clear evidence of chyle 
leak and transudative e�usions have been also reported.23 
Pleural e�usions usually resolve within 4 weeks a�er drug 
discontinuation. Symptomatic patients with large e�usions 
may also require drainage and prednisone (40 mg/day for 
4 days).22 Corticosteroids may hasten symptomatic and 
radiologic resolution. Following resolution of the e�usion, 
dasatinib can be reintroduced at a lower dosage and in a 
single-dose regimen. De�nitive discontinuation should be 
considered if a large or symptomatic e�usion relapses.22

ERLOTINIB

Two patients with malignant pleural e�usion (adenocarci-
noma) receiving this tyrosine kinase inhibitor developed 
fever and dyspnea a�er 11 and 12 days of treatment.31,32 
�e e�usions increased in size although the tumor had 
responded to erlotinib. �e drug was not discontinued and 
e�usion responded to pleurodesis in one patient and pred-
nisolone in the other. Immune response to erlotinib is sus-
pected in the pathogenesis of the phenomenon.31 �e link 
between pleural e�usions and erlotinib though is weak.



Chemotherapy agents / Other chemotherapeutics 389

BIOLOGIC AGENTS

INTERLEUKIN-2

It is used in renal cancer and melanoma. Pulmonary side 
e�ects occur in ~75% of patients, especially in those receiv-
ing bolus instead of drip intravenous therapy.33 Pleural e�u-
sions occur in ~50% of patients and may be accompanied 
by pulmonary edema, both attributed to increased capillary 
permeability. A minority of patients require mechanical 
ventilation. E�usions resolve on drug discontinuation and 
are present in <20% of patients 4 weeks later.

INTERLEUKIN-11

It is used to treat severe chemotherapy-induced thrombocy-
topenia. Fluid retention is the most frequent adverse e�ect 
and in one study, 42% of breast cancer patients developed 
pleural e�usion.34

SIROLIMUS

Sirolimus is an immunosuppressant, which used to prevent 
rejection in organ transplants. Sirolimus has been described 
to cause pleural e�usions, ascites, and peripheral edema 
in liver-transplant patients. A�er 2 months of treatment, 
a lung-transplant patient developed progressive airway 
obstruction followed by bilateral pleural e�usions com-
bined with proteinuria and peripheral edema, despite high 
methylprednisolone doses. Following sirolimus discontinu-
ation, pulmonary function tests improved rapidly but the 
e�usion persisted for 6 months.35

BORTEZOMIB

It is used for the treatment of multiple myeloma and has 
been implicated in causing bilateral pleural e�usions in the 
context of acute respiratory distress syndrome.36

IMMUNOGLOBULIN

A patient with idiopathic thrombocytopenic purpura 
presented with bilateral lymphocytic exudates on the sev-
enth and eighth course of immunoglobulin treatment.37 
Since the e�usions could not be attributed to any other 
cause and did not relapse a�er administration of a dif-
ferent preparation, a reaction to the �rst preparation was 
suspected.

 GRANULOCYTE-COLONY-STIMULATING 
FACTOR (G-CSF)

In two neutropenic patients, G-CSF was implicated in the 
development of pleural e�usion (unilateral or bilateral), 
approximately 10 days a�er commencing the agent.38,39 
Fluid analysis in one patient showed immature myeloid 

cells. A case of life-threatening capillary leak syndrome 
a�er G-CSF administration in a healthy leukocyte donor 
has been also described.40 �e patient acutely developed 
hypotension, hypoxemia, anasarca, ascites, and pericardial 
and bilateral pleural e�usion. Full recovery was achieved 
with drug discontinuation and the intravenous administra-
tion of �uids and corticosteroids.

CHEMOTHERAPY AGENTS

BLEOMYCIN

It causes multiple adverse e�ects involving the lung and the 
pleura in 6%–10% of cases.41 Lung toxicity is dose depen-
dent and more common in older patients or patients receiv-
ing oxygen, radiation therapy, or other chemotherapy 
agents. Pleural e�usions develop in a minority of patients 
with pneumonitis.

METHOTREXATE

High doses have been associated with the induction of pleu-
ritic chest pain (2–5 days a�er initiation) in 4% of patients, 
from which 30% eventually developed pleural e�usion.42 In 
another study, 8% of patients receiving a weekly high-dose 
methotrexate regimen developed pleuritic chest pain (usu-
ally right sided) with ipsilateral pleural thickening.43 Pain 
subsided 3–5 days a�er drug discontinuation and relapsed 
a�er readministration. Pleural thickening did not improve.

CYCLOPHOSPHAMIDE

Pleural involvement mainly consists of pleural thickening 
accompanying late-onset pneumonitis, years a�er �rst 
exposure. Patients complain of insidious onset of dys-
pnea and cough.44 �e disease usually progresses without 
response to corticosteroids. A patient with bilateral pleu-
ral transudates 2 days a�er receiving high cyclophospha-
mide doses before bone marrow transplantation has been 
reported.45

OTHER CHEMOTHERAPEUTICS

Hypersensitivity reactions to procarbazine manifest-
ing with fever, cough, dyspnea, peripheral eosinophilia, 
pulmonary in�ltrates, and bilateral or unilateral pleu-
ral e�usion have been described in two patients.46 Signs 
and symptoms resolved with drug discontinuation and 
recurred with rechallenge. Permanent discontinuation 
and corticosteroids led to complete symptom resolu-
tion. A patient with myelodysplastic syndrome receiving 
decitabine, presented with fever and neutropenia fol-
lowed (2 weeks later) by the development of pericardial 
and le�-sided pleural e�usion.47 �e �uid was a lympho-
cytic exudate and e�usions disappeared 14 weeks a�er 
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drug withdrawal. Bilateral pleural and large tamponade-
causing pericardial e�usions were reported in a patient 
with pancreatic cancer a�er 4 months of gemcitabine 
treatment.48 E�usions responded to drug discontinuation 
and diuretics. Rechallenge was avoided. Mitomycin may 
rarely cause bilateral interstitial pneumonia with or with-
out bilateral pleural e�usion.49

 ANTICOAGULANTS AND 
THROMBOLYTICS

Anticoagulants can occasionally cause spontaneous hemo-
thorax. �is happens mostly in patients on anticoagulation 
for pulmonary embolism and is not correlated with “patho-
logically” elevated coagulation times.50 A ticlopidine-related 
hemothorax 28 days a�er traumatic rib fractures has been 
reported.51 Spontaneous hemothorax with thrombolytics 
at recommended doses is rare.52 Warfarin was implicated 
in a case of eosinophilic pleural e�usion, a�er 9 months of 
treatment.53

SCLEROTHERAPY

Endoscopic instillation of sclerotherapy agents to treat 
esophageal varices may cause pleural e�usion, probably 
due to in�ammation expansion from the esophagus to the 
mediastinal pleura.17 �e e�usion is more commonly right-
sided although that depends on the site of instillation. It 
occurs within 24 hours and resolves spontaneously within a 
week. Rarely can it be complicated by empyema.

MISCELLANEOUS DRUGS

ACYCLOVIR

A patient with fever and bilateral pulmonary in�ltrates 
3 days a�er acyclovir initiation has been described.54 A le�-
sided pleural e�usion and hemoptysis appeared next day. 
Fever resolved immediately a�er drug discontinuation. 
Pulmonary in�ltrates and pleural e�usion disappeared 
10 days later.

CLOZAPINE

It has been associated with pleural e�usions in at least �ve 
cases.55 �e e�usions developed a�er 7 days to 2 months of 
exposure and were more commonly bilateral with or with-
out pericardial e�usion. �e disorder may be asymptomatic, 
cause mild (pleuritic chest pain, fever, rash, and peripheral 
eosinophilia) or severe symptoms with concomitant hepa-
titis and glomerulonephritis. Pleural �uid from one patient 

was a neutrophil-predominant exudate. Symptoms and 
radiologic �ndings resolve within days following drug dis-
continuation. Readministration induced immediate symp-
tom relapse in 2 patients.

FLUOXETINE

It was implicated in the development of eosinophilic pleu-
ral e�usion with peripheral eosinophilia and pleuritic chest 
pain in one case report. �e patient was receiving the drug 
for 8 weeks, and it took as much time to fully recover a�er 
drug discontinuation.56

GLITAZONES

Small bilateral pleural e�usions with interstitial basal 
in�ltrates were reported in a patient complaining of pro-
ductive cough, dyspnea, and nocturnal perspiration, 
a  week a�er troglitazone initiation. Symptoms and signs 
resolved a few days a�er drug discontinuation. A causal 
relationship was assumed based only on temporal asso-
ciation.57 Another patient with normal cardiac function 
developed large bilateral pleural e�usion and anasarca 
a�er 5 months of pioglitazone treatment. Although the 
e�usion was transudative, it did not resolve (although it 
did improve) with diuretics and disappeared only a�er 
pioglitazone discontinuation.58

INSULIN

Insulin in poorly controlled type-1 diabetics can cause �uid 
retention that may progress to cardiac failure. A type-2 dia-
betic with pleuropericardial e�usion and peripheral edema 
a�er a week of regular and neutral protamine Hagedorn 
insulin treatment has also been reported.59 �e patient was 
treated with diuretics.

ITRACONAZOLE

A patient with exudative pleural e�usion a�er 2 months of 
treatment for invasive aspergillosis has been described.60 
A week later, a pericardial e�usion requiring drainage 
also appeared. E�usions resolved with itraconazole dis-
continuation. Rechallenge caused pulmonary in�ltrates 
and heart failure that could not be attributed to any other 
etiology.

L-TRYPTOPHAN

It can cause the eosinophilia–myalgia syndrome, which 
may include bilateral pulmonary in�ltrates and pleural 
e�usions. Drug withdrawal and corticosteroids lead to swi� 
full recovery.61
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MESALAMINE

It has been associated with pulmonary in�ltrates with or with-
out pleural e�usion. Eosinophilic pleural e�usion with pul-
monary in�ltrates and peripheral eosinophilia, all resolving 
with drug withdrawal and corticosteroids, has been reported. 
Mesalamine has also been associated with pleuropericarditis 
without pulmonary in�ltrates in a patient with ulcerative coli-
tis, 2 weeks a�er �rst exposure. Symptoms included fever, chest 
pain, and malaise. Despite immediate improvement following 
drug withdrawal and aspirin administration, symptoms reap-
peared a�er rechallenge. Mesalamine was discontinued per-
manently and corticosteroids were used.62 Mesalamine can 
also cause drug-induced lupus (DIL).63

STATINS

Simvastatin was implicated in a patient with eosinophilic 
pneumonia and concomitant right-sided pleural e�usion. 
�e symptoms appeared 6 months a�er treatment initia-
tion and included cough, malaise, and progressive dyspnea. 
Liver enzymes and immunoglobulin E levels were elevated. 
Pleural �uid had a brownish color, but no other �uid fea-
tures were reported. Drug withdrawal and corticosteroids 
led to full recovery.64 Pravastatin was associated with a 
symptomatic bilateral pleural e�usion a�er 12 months of 
treatment. �e �uid was a lymphocytic exudate. �e e�u-
sion resolved within 2 months of drug discontinuation and 
no relapse occured.65

TIZANIDINE

A massive eosinophilic pleural e�usion a�er 6 weeks of 
treatment was reported in a patient who remained asymp-
tomatic, probably due to systematic opioid use. �ere were 
no other remarkable laboratory �ndings. �e e�usion dis-
appeared 4 weeks a�er drug discontinuation.66

 DRUG-INDUCED LUPUS  
PLEURITIS

Since the �rst description of the syndrome in 1945, the list of 
causative drugs keeps growing. In contrast with idiopathic 
systemic lupus erythematosus (SLE), DIL is reversible with 
drug discontinuation, shows no gender predilection, and 
is generally milder with the predominant symptoms being 
arthralgias, myalgias, rash, and serositis  while kidney 
and central nervous system  involvement is rare.

DIL pleuritis is the most common etiology of drug-
induced pleural e�usion. Pleural e�usions are typically 
bilateral and represent the most common radiologic �nd-
ing of DIL. Pericarditis and pulmonary in�ltrates may 
coexist. Patients are usually symptomatic and pleural �uid 
is exudative with varying nucleated cells counts. Pleural 

�uid ANA levels are typically manifold to those of serum 
while lupus erythematosus cells are rarely found but are 
pathognomonic. ESR and serum ANA titers are elevated. 
Antihistone antibodies are found in 50%–80% of cases and 
are  suggestive but not diagnostic of DIL. Unlike SLE, high 
anti-double-stranded DNA titers and low complement lev-
els are rare (<1%) in DIL, with the exception of anti-tumor 
necrosis factor (TNF)-agent-induced lupus. DIL-causing 
medications should be avoided in SLE patients because 
their symptoms may be aggravated. Drugs most frequently 
related to DIL are discussed below.

PROCAINAMIDE

It is the drug most commonly associated with DIL.55 Over 
90% of patients receiving procainamide have positive ANA 
within the �rst year of treatment. Approximately one-third 
of these patients develop DIL within 1 month to 12 years 
a�er �rst exposure and >50% of them have pleural e�usion.

HYDRALAZINE

Half the patients receiving hydralazine develop ANA at 
some point.67 However, only 2%–20% develop DIL, most 
o�en women with a slow acetylator phenotype and a�er 
a cumulative dose of 100 gr. Symptoms typically include 
arthralgias and fever. Pleural e�usion is present in 30% of 
these patients.

ISONIAZID

Isoniazid induces positive ANA in 25% of patients, though 
very rarely causes DIL.17 �e “paradoxical response” in 
which pleural e�usion appears or increases in size in 
patients receiving antituberculous treatment for 3–12 weeks 
confounds the diagnosis of DIL pleuritis. �ere have been 
reports of pleural e�usions considered to be paradoxical 
responses, which were compatible with DIL (lymphocytic 
exudates, normal glucose levels, high ANA titers, low ade-
nosine deaminase [ADA], and complement).68 In patients 
receiving isoniazide, bilateral pleural e�usions with peri-
carditis, rash, and joint pain should direct the clinician 
toward DIL. Normal serum ANA titers almost completely 
exclude DIL.

QUINIDINE

�irty cases of quinidine-induced lupus have been 
reported.17 Apart from serositis, symptoms included arthri-
tis and rash.

D-PENICILLAMINE

�is immunoregulatory agent can cause DIL pleuritis. 
However, a unilateral exudative pleural e�usion without 
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DIL-compatible serological �ndings, a�er 12 years of treat-
ment, has also been reported. Decortication was required to 
control symptoms.69 �e drug was never discontinued.

ANTI-TNF AGENTS

DIL occurs a�er a mean time of 9 (range: 3–16) and 4 (range: 
2–5) months in 0.22% and 0.18% of patients receiving inf-
liximab and etanercept, respectively.70–72 In the few reports 
of DIL pleuritis due to anti-TNF agents, pleural e�usions 
were exudative, with normal pH, unilateral or bilateral, with 
concomitant pericardial e�usion. All patients had fever plus 
DIL-compatible clinical symptoms and serologic �ndings. 
Pleural biopsies showed pleural thickening or pleural and 
adjacent lung in�ammation. All patients improved within 6 
weeks a�er drug discontinuation and short-term corticoste-
roid treatment.73–75 Adalimumab has been implicated in caus-
ing pleural e�usion in two patients, one of them presenting 
with bilateral pleural and pericardial e�usion.76,77 Symptoms 
included fever and chest pain while ANA were negative in 
both cases. Following drug discontinuation, pleuroperi-
cardial e�usion responded to additional use of ibuprofen 
while the isolated pleural e�usion required corticosteroids to 
resolve.

 DRUG-INDUCED EOSINOPHILIC 
PLEURAL EFFUSION

A pleural e�usion with eosinophils accounting for at least 
10% of the nucleated cells is called “eosinophilic.” Pleural 
�uid eosinophilia is not indicative of any disease and cannot 
establish or exclude a diagnosis of drug-induced disorder 
since several drugs can cause both non-eosinophilic and 
eosinophilic pleural e�usions, while the latter may also be 
caused by nonpharmacologic etiologies.78 For historic rea-
sons, eosinophilic pleural e�usions are reported separately. 
�e following drugs are usually mentioned as typical causes.

NITROFURANTOIN

It has been implicated in >2000 cases of pleural and pul-
monary adverse e�ects.55,79 Acute hypersensitivity reac-
tions occur within hours or days in 5%–25% of patients 
and are not dose dependent. Patients complain of cough, 
dyspnea, and fever. Alveolar and interstitial in�ltrates are 
also observed. Pleural e�usions, usually bilateral, occur in 
one-third of patients with lung involvement and never as 
an isolated disorder. Peripheral eosinophilia is impressive 
(up  to 83%) and more frequent than pleural �uid eosino-
philia. Treatment includes drug discontinuation and corti-
costeroids in severe cases. Chronic reactions usually present 
with pneumonitis and �brosis. Pleural �brosis occurs rarely 
and is time and dose dependent. Despite drug discontinua-
tion, �brotic lesions do not resolve and may even progress.

VALPROIC ACID

At least �ve cases implicate valproic acid in eosinophilic 
pleural e�usion formation. Peripheral eosinophilia is o�en 
but not always present. �e �uid is exudative with ≥40% 
eosinophils and o�en a pH >7.50.80–82 �e e�usions may 
be unilateral or bilateral and resolve within 6 months a�er 
drug discontinuation. A hypersensitivity reaction is most 
likely the cause of eosinophilia.80 A patient with pleural 
transudates accompanied by fever, dry cough, and dyspnea 
has been also reported.83 �e patient improved within days 
a�er drug withdrawal, but the e�usion relapsed within a 
month a�er rechallenge.

DANTROLENE

Eosinophilic pleural e�usions have been reported in six 
patients receiving dantrolene for 2 months up to 12 years.17 
Patients typically present pleuritic chest pain and fever. 
Pleural e�usion is typically unilateral, exudative, with nor-
mal glucose levels and high eosinophil counts (33%–66%). 
Peripheral eosinophilia (7%–18%) and pericarditis are also 
usually present. Drug discontinuation leads to rapid symp-
tom improvement and slower pleural e�usion resolution 
that may be hastened with corticosteroids.

ISOTRETINOIN

Unilateral eosinophilic pleural e�usions a�er 1–7 months 
of isotretinoin treatment have been reported.84 Symptoms 
may be subtle with insidious onset of dyspnea or can 
appear acutely with fever and cough. Neither peripheral 
 eosinophilia nor pulmonary in�ltrates were observed. 
E�usions disappeared 1–3 months a�er drug discontinua-
tion. A patient with bilateral pleural e�usion and peripheral 
eosinophilia has also been described.85

PROPYLTHIOURACIL

Two patients with pleuritic chest pain and eosinophilic pleu-
ral e�usion (up to 45% eosinophils) without lung in�ltrates 
or peripheral eosinophilia, a�er 3 weeks and 11 years of 
exposure, have been reported.86,87 Pleural e�usion resolved 
3 months a�er drug discontinuation in one patient while 
corticosteroids were additionally required in the second. 
Rechallenge was followed by pleural e�usion recurrence 
in the latter case. Propylthiouracil has also been associated 
with lymphocytic exudative pleural e�usions in the con-
text of drug-induced antineutrophil cytoplasmic antibody– 
positive vasculitis.88

GLICLAZIDE

A moderate-sized pleural e�usion with concomitant pul-
monary in�ltrates a�er 2 weeks of gliclazide treatment has 
been described.89 Pleural �uid and blood eosinophils were 
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80% and 20%, respectively. Full recovery was reported a 
month a�er drug withdrawal.

 OVARIAN HYPERSTIMULATION 
SYNDROME (OHS)

Follicular stimulating drugs (i.e., clomiphene, gonadotro-
pin, gonadotropin-releasing hormone) may cause the OHS, 
which is associated with increased morbidity and mortal-
ity.90,91 �e syndrome is characterized by extravasation of 
protein-rich �uid into the peritoneal, pleural, and rarely 
the pericardial cavities. �e most severe form of OHS is 
characterized by hypovolemic shock, hemoconcentration, 
coagulation disorders, and acute renal and respiratory fail-
ure. �e syndrome—even in its severe form—may mani-
fest with unilateral pleural e�usion without ascites. Pleural 
�uid is usually exudative but it can also be transudative.92 
Symptoms may include chest pain, dyspnea, and cough, 
typically occurring 3–7 days a�er initial exposure to the 
drugs. When the syndrome occurs later, it is usually more 
severe. If pregnancy does not ensue, OHS resolves a�er a 
week. If pregnancy ensues, it can last up to 20 days. In mild 
forms treatment includes colloid solution administration 
while pleural drainage is reserved for more severe cases.

CONCLUSION

Multiple drugs may cause pleural disorders. Drug-induced 
pleural disease is generally underappreciated, especially by 
nonpulmonologists. �is possibility, however, should be 
considered when pleural e�usions cannot be attributed to 
a common etiology a�er the initial workup. Establishing a 
link between a new drug and a pleural manifestation is a 
challenging task. Experience with the drug may be limited, 
mechanisms of action insu�ciently studied, and adverse 
e�ects not overtly recognized. Moreover, drug withdrawal 
may be di�cult due to limited or nonexistent alternative 
agents. A meticulous history of drug intake including tem-
poral association between drug exposure and symptoms 
should alert the clinician on the possibility of drug-induced 
pleural disease. �ereby unwarranted discontinuation 
of potentially irreplaceable drugs might be averted while 
unnecessary and possibly harmful invasive procedures can 
be obviated.
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Effusions after surgery

ONER DIKENSOY AND RICHARD W. LIGHT

KEY POINTS

 ● Pleural e�usions are common a�er surgery.
 ● Most of the e�usions occur within �rst couple of days following surgery and are asymptomatic, and o�en 

self-limiting.
 ● Trauma related to surgery itself is the most common mechanism producing the e�usion.
 ● Late pleural e�usions may occur, especially following post-CABG surgery.
 ● Colchicine could be considered for the prevention of pleural e�usions due to postcardiac injury syndrome.
 ● E�usions that are enlarging, persistent, or causing respiratory compromise require drainage.
 ● A quarter of early pleural e�usions following lung transplantation might be infected by either fungal or bacterial 

agents.
 ● High LDH level and/or increased neutrophil count in pleural �uid may predict pleural space infection following 

lung transplantation
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INTRODUCTION

Pleural e�usion (PE) a�er surgery can be de�ned as 
occurrence of a new pleural e�usion following a recent 
 surgical procedure. Although most of the pleural e�usions 

occur within the �rst couple of days following surgery, 
 occurrence of late pleural e�usions following coronary 
artery bypass gra� (CABG) surgery has been reported.1,2

Most of the early studies concerning postoperative pul-
monary complications were carried out in a population 
undergoing abdominal surgery and reported a very low 
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prevalence of pleural e�usions a�er surgery.3–5 It is most 
likely that the low sensitivity of the diagnostic modalities 
used, and small sizes of the pleural e�usions without clini-
cal symptoms, were the main reasons for the low frequency 
of postoperative pleural e�usions in these studies. �e 
incidence of postoperative pleural e�usions in more recent 
studies has been as high as 100% depending on the diagnos-
tic modality used to detect the pleural e�usion and the type 
of the surgical intervention.6

Although, any surgery can cause pleural e�usion, 
abdominal and thoracic interventions such as splenec-
tomy, cholecystectomy, and CABG surgery are the most 
commonly reported surgical operations complicated 
by pleural e�usion in the early postoperative period 
(Table 30.1.).2–5

 EFFUSIONS AFTER ABDOMINAL 
SURGERY

Data on postoperative pleural e�usions a�er abdominal 
surgery are limited. �ere have been several old series of 
pleural e�usions a�er abdominal surgery and one recent 
study of pleural e�usions a�er diaphragm peritonectomy or 
resection for advanced Mullerian cancer.3,5,7–11

INCIDENCE

In early reports, the frequency of pleural e�usions a�er 
abdominal surgery was reported to be very low.3,5,8 Recently, 
three studies prospectively assessed patients undergoing 
abdominal surgery.7,9,10

In the �rst study, all patients had posteroanterior, le� lat-
eral, and bilateral decubitus radiographs 48–72 hours a�er 
surgery. Pleural e�usions were found in 97 (49%).9 �e inci-
dence of pleural e�usions was higher a�er upper abdomi-
nal surgery in patients with postoperative atelectasis, and 

in patients with free abdominal �uid. Pleural e�usions 
appeared to be more common in older patients.

In the second study, 128 patients who had undergone 
upper abdominal surgery were studied prospectively for the 
incidence of postoperative pleural e�usions.7 Posterior and 
lateral chest radiographs were obtained preoperatively and 
on the second and fourth day a�er surgery. �ey found that 
89 patients (69.5%) developed a postoperative pleural e�u-
sion: 33 unilateral and 56 bilateral. �ey found no correla-
tion between the presence of postoperative pleural e�usions 
and any of the following: type of the operation, site of the 
abdominal incision, gender, smoking habits, or weight.

In the most recent study of pleural e�usions a�er dia-
phragm peritonectomy or resection for advanced Mullerian 
cancer, the records of all patients with stage IIIC–IV epithe-
lial ovarian, fallopian tube, or peritoneal cancer who had 
diaphragm peritonectomy or resection as part of optimal 
primary cytoreduction at their institution from 2000 to 2003 
were reviewed.10 All patients had preoperative and serial post-
operative chest x-rays to detect and follow pleural e�usions. 
Of the 215 patients who had primary cytoreduction during the 
study period, 59 (27%) underwent diaphragm peritonectomy 
or resection. In addition to standard cytoreduction, 31 (53%) 
of these 59 patients had diaphragm surgery alone, whereas 
28 (47%) had diaphragm surgery in combination with other 
upper abdominal resections. Laterality of diaphragm surgery 
was as follows: right only, 43 (73%); le� only, 2 (3%); and bilat-
eral, 14 (24%). �e overall rate of new or increased ipsilateral 
e�usions was 58%; the overall rate of postoperative thoracen-
tesis or chest tube placement was 15%. In 75% of these patients, 
thoracentesis or chest tubes were placed within 5 days of sur-
gery (median, 3 days; range, 2–24 days).

ETIOLOGY

A number of hypothesis have been suggested for the eti-
ology of pleural e�usions a�er abdominal surgery.7,9,12 
Subphrenic abscess has been considered as the major cause 
of these pleural e�usions;12 however, the relation has been 
questioned by the �ndings of Light and George in the 
above-mentioned study.9 �e e�usions likely to be associ-
ated with subphrenic abscess usually become apparent 10 or 
more days postoperatively, and are typically associated with 
signs and symptoms of systemic infection.13,14

In the studies by Light and George 9 and Nielsen et al.,7 
similar factors such as pancreatitis, pulmonary emboli, and 
peritoneal �uid were suggested to be occasional causes of 
pleural e�usions a�er abdominal surgery. However, these 
two groups shared opposing views on the relative signi�-
cance of atelectasis, diaphragmatic irritation, and site of the 
incision with respect to the development of postoperative 
pleural e�usions.

Several hypotheses on the etiology of pleural e�usions 
a�er diaphragm peritonectomy or resection for advanced 
Mullerian cancer were suggested.10 Brie�y, damage to dia-
phragmatic muscle or underlying pleura and diaphragmatic 

Table 30.1 Causes of pleural effusion after different types 
of surgery

Trauma caused by surgery
Atelectasis
Pancreatitis
Pulmonary embolism
Subphrenic abscess (late >10 days)
Congestive heart failure
Pneumonia
Central line erosion through central venous structures
Chylothorax due to thoracic duct disruption
Hemothorax due to bleeding
Immunological mechanisms
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coverage by peritoneum along with large ascites in some cases, 
and increase in in�ammatory mediators such as  vascular 
endothelial growth factor (VEGF) have been suggested.

In summary, multiple local or systemic factors play roles 
in the formation of pleural e�usions a�er abdominal surgery. 
A subphrenic abscess should be considered when a pleural 
e�usion develops 10 or more days postoperatively and is 
associated with signs and symptoms of systemic infection.

CLINICAL MANIFESTATIONS

Most of the e�usions a�er abdominal surgery are found 
incidentally because they are small in size and asymp-
tomatic. In the study by Light and George9 the e�usion 
was <4 mm on the decubitus �lm in 50 patients, whereas 
it was between 4 and 10 mm in 26 patients, and >10 mm 
in 21  patients. A  postoperative pleural e�usion should be 
considered in cases with unexpected clinical deterioration 
following surgery. Although not common, large pleural 
e�usions or infected pleural �uid can cause signi�cant clin-
ical symptoms and require interventions such as tube tho-
racostomy. In a case of acute dyspnea and a minimal pleural 
e�usion, pulmonary embolus should also be considered.

 CHARACTERISTICS OF PLEURAL FLUID

Only the study by Light and George9 reported the character-
istics of the pleural �uid. �ey reported that 16 of the e�u-
sions were exudates while four were transudates. Transudates 
were attributed to congestive heart failure in two patients and 
volume overload in the other two. Pleural �uid cultures were 
positive for Staphylococcus aureus in one patient only.

MANAGEMENT

Most pleural e�usions following abdominal surgery are 
self-limited and do not require any further intervention.7,9 
If the patient is febrile or has pleuritic chest pain and the 
size of the pleural e�usion is more than minimal, a diag-
nostic thoracentesis should be performed. Chest tube drain-
age may be needed in occasional cases with a complicated 
clinical course, especially if the e�usion is large and causes 
dyspnea or if the pleural infection occurs.

 EFFUSIONS AFTER CARDIAC SURGERY

Pleural e�usions are common a�er cardiac surgery.15,16 
Most of these e�usions are caused by the surgical procedure 
itself and follow a benign course. However, pleural e�usions 
may also occur due to post-cardiac injury syndrome (PCIS) 
or as the initial manifestation of a potentially serious com-
plicating event.

 CORONARY ARTERY BYPASS GRAFT 
SURGERY

E�usions occurring a�er CABG surgery are known as 
“post-CABG pleural e�usions.” Post-CABG pleural e�u-
sions can be categorized into two groups based on time 
course: “early” and “late.”14 Early e�usions are those that 
occur within 30 days of CABG surgery, and late e�usions 
are those that occur a�er 30 days.

Incidence

Pleural e�usions are common a�er CABG surgery. �e 
reported incidence ranges from 40% to 90%, depending 
on the diagnostic modality used to detect the presence of 
e�usion.15,17–22

Early pleural e�usions a�er CABG surgery are more 
common than late e�usions.21 Such e�usions tend to occur 
on the le� side of hemithorax. Vargas et al.21 investigated 
the prevalence of pleural e�usions in 47 patients who had 
undergone CABG surgery by performing ultrasonic exam-
inations of the chest at 7, 14, and 30 days postoperatively. 
�e prevalence of pleural e�usion was 89% at 7 days, 77% at 
14 days, and 57% at 30 days in this study.21 �e majority of 
these e�usions were asymptomatic. Occasionally, the e�u-
sion enlarged and produced symptoms. A second study19 
reported that at the time of discharge from the  hospital, 
the prevalence of le�-sided pleural e�usion was 91% in 34 
patients who had received an internal mammary artery 
(IMA) gra� and had the pleura opened, whereas the preva-
lence of le�-sided pleural e�usion was 58% in 33 patients 
who had received an IMA gra� but in whom the pleura was 
not opened.

A prospective study of late e�usions noted that 63% of 
patients had a pleural e�usion at 30 days a�er CABG sur-
gery.23 In this study, 10% of the patients had an e�usion 
that occupied more than 25% of a hemithorax.23 Hurlbut 
et al.20 obtained chest radiographs 8 weeks postoperatively 
on 76 patients who had received IMA gra�s, and reported 
that �ve (9.1%) of 55 patients who underwent pleurotomy 
and three (14.5%) of 21 patients who had an IMA without 
pleurotomy had a pleural e�usion. In a recent retrospective 
study of 410 patients who had undergone CABG surgery, the 
incidence of patients diagnosed with symptomatic newly 
developed large pleural e�usions from 30 days to 6 months 
post-CABG was 3.1%.24

Etiology

Several potential causative factors have been suggested for 
early and late e�usions, but their relative roles and impor-
tance have not been completely de�ned. �e early e�usions 
are usually bloody, with a median hematocrit above 5%.25 
�e most likely underlying mechanism for these bloody 
e�usions is trauma from the surgery and postoperative 
bleeding into the pleural space.25
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Topical cardiac cooling with ice is another potential 
pathogenetic factor for early e�usions.2,26 In one retrospec-
tive study, pleural e�usions occurred in 50% of patients who 
underwent topical cardiac cooling with ice but in only 14% 
and 18% of patients who received topical cold saline and 
no topical cardioplegia, respectively.27 Similar results were 
reported in a di�erent study of 191 patients.26 �e reason 
why iced slush is associated with an increased prevalence 
of pleural e�usions is not known, but it has been speculated 
that cold injury to the phrenic nerve may cause atelectasis  
leading to development of pleural e�usions.28

In contrast to the early e�usions, late e�usions tend to be 
serous in appearance with a predominance of lymphocytes 
in the pleural �uid.1 Kim et al.29 suggested that these late 
e�usions might be a manifestation of the PCIS. However, 
the two main clinical manifestations of PCIS are chest pain 
and fever,30 and both these symptoms are uncommon in 
patients with late pleural e�usions a�er CABG surgery.1

Lymphocytic predominance with evidence of lym-
phocytic pleuritis found in the late e�usions a�er CABG 
surgery suggests an immunological mechanism.28 
Immunohis tochemical analysis showed that there is a 
mixed population of lymphocytes with a predominance of 
B cells.1 However, an autoimmune etiology has not yet been 
demonstrated.

It is not clear whether the type of the gra� or pleurot-
omy contributes to the development of late pleural e�usions 
a�er CABG surgery.14 Pleurotomy is frequently performed 
in patients undergoing placement of an IMA coronary 
artery gra�, and late pleural e�usions have been sug-
gested to be more common a�er IMA–CABG operations 
compared with those who had saphenous vein (SV) gra�s 
alone.19–21,31In one study,15 the incidence of pleural e�usion 
in the SV-only group (23/54, 43%) and in the IMA group 
(28/68, 41%) did not di�er signi�cantly. Landymore and 
Howell19 investigated the role of pleurotomy in 106 patients, 
including 34 patients that underwent IMA gra�ing with 
pleurotomy and 33 without pleurotomy. �ey included 39 
patients undergoing valve replacement or revasculariza-
tion with SV gra� as controls. �e patients were followed by 
chest x-rays that were performed prior to discharge and at 
3 months postoperatively. �e incidence of pleural e�usion 
prior to discharge was 91% (31/34) in the patients that had 
IMA gra�ing with pleurotomy, 58% (19/33) in the patients 
that had IMA gra�ing without pleurotomy, and 31% (12/39) 
in the control patients. �ey concluded that pleurotomy has 
a role in the formation of pleural e�usions a�er surgery and 
that the IMA should be exposed without pleurotomy.

Opening of the pericardium during surgery does not 
appear to be primarily responsible for the e�usion because 
patients who have valve replacement have a lower prevalence 
of e�usion than do patients who undergo CABG surgery.7

Patients who undergo CABG surgery o�-pump (without 
cardiopulmonary bypass) (OP-CABG) have been reported 
to have a lower prevalence of large pleural e�usion 4 weeks 
postoperatively than do those who undergo CABG surgery 
with cardiopulmonary bypass.32 �e prevalence of e�usions 

at 30 days postoperatively that occupied more than 25% 
of the hemithorax was only 3% in the OP-CABG patients, 
whereas it was 10% in the CABG patients undergoing car-
diopulmonary bypass.33 It is unclear whether the decreased 
prevalence of larger pleural e�usion with OP-CABG sur-
gery is caused by less trauma, omission of the iced slush 
hypothermia, or omission of cardiopulmonary bypass, 
which is known to be associated with the systemic release of 
in�ammatory mediators.33

Clinical manifestations

Small, usually le�-sided, pleural e�usions are usually 
asymptomatic.2,15 However, occasionally large pleural e�u-
sions cause signi�cant symptoms.16 �e primary symptom of 
patients with large pleural e�usion a�er CABG is dyspnea. 
In the work of Light et al.,23 22 (75.9%) of 29 patients with 
an e�usion occupying more than 25% of the hemithorax 
complained of dyspnea, but only three (10.3%) complained 
of chest pain, and only one (3.4%) complained of fever.

�e early pleural e�usions a�er CABG surgery are 
almost always small and unilateral on the le� side.1 In the 
study by Light et al.,23 62.4% of 349 patients had a pleural 
e�usion 30 days a�er CABG surgery. �e e�usions were 
unilateral or larger on the le� in 144 (73.4%), equal bilater-
ally in 38 (19.4%), and unilateral on the right or larger on the 
right in only 14 (7.2%).

Characteristics of pleural fluid

�e characteristics of the pleural �uid a�er CABG surgery 
are dependent on whether the e�usion develops before or 
more than 30 days a�er surgery.25,29 �e pleural �uid from 
both types of e�usions is exudative. �e pleural �uid from 
the early e�usions is bloody with a median hematocrit 
above 5% and a median red blood cell count of more than 
700,000 cells/μL.25 �e pleural �uid is frequently eosino-
philic, with a median eosinophil percentage of nearly 40.25 
�e median pleural �uid lactic acid dehydrogenase (LDH) 
level is approximately twice the upper limit of normal for 
serum.25 �e pleural �uid protein is in the exudative range, 
and the pleural �uid glucose is not reduced.25

�e late e�usion is usually a clear yellow exudate that 
contains predominantly lymphocytes. In one series of 
26 pleural �uids from late e�usions, the median lymphocyte 
percentage was 68, whereas the median eosinophil percent-
age was zero.25 �e median level of LDH approximates the 
upper normal limit for serum. �e pleural �uid protein is 
in the exudative range, and the pleural �uid glucose is not 
reduced.25

Management

Only dyspneic patients with larger e�usions require 
therapeutic thoracentesis. Patients with atypical symp-
toms such as fever or pleuritic chest pain should have a 
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diagnostic thoracentesis. Although most e�usions resolve 
 spontaneously,34 73% of patients with an IMA–CABG and 
29% with an SV CABG have persistent ultrasonographic evi-
dence of pleural e�usion 30 days a�er surgery,6 and e�usions 
may take 2–20 months to clear completely.2,35 Symptomatic 
persistent e�usions are best treated with serial thoracente-
sis. Although oral nonsteroidal  anti-in�ammatory drugs 
(NSAIDs) and prednisone are frequently prescribed, there 
is no evidence of their e�cacy. Chest tube drainage or 
pleurodesis is rarely required. If a symptomatic pleural e�u-
sion occurs a�er several thoracentesis, thoracoscopy with 
decortication appears to be e�ective.2 Large e�usions that 
require decortication for control are very rare.2

 POST-CARDIAC INJURY SYNDROME

�is is a condition associated with the occurrence of fever 
and pleuropericardial disease days or months a�er cardiac 
injury.36–38 �e syndrome is called “postmyocardial infarc-
tion syndrome” when it follows a myocardial infarction and 
“postcardiotomy or post-pericardiotomy syndrome” when 
it follows cardiac surgery or trauma. PCIS is also a rare 
complication of pulmonary embolism, traumatic hemoperi-
cardium, and implantation of pacemakers.39

INCIDENCE

�e incidence of the syndrome has been reported to be 62% 
in Dressler’s original series40 and 83% in a later report.41 
Pleural e�usions due to PCIS are most common following 
cardiac surgery compared to that following other conditions 
such as myocardial infarction.1 A recent study reported that 
15% of 360 consecutive subjects who had undergone cardiac 
surgery had PCIS.42

ETIOLOGY

PCIS may be the consequence of an immunological response 
to damaged cardiac tissue. Evidence for autoimmunity 
includes the following43: (1) latent period; (2) anti-heart 
antibodies; (3) preceding pericardial injury in many cases; 
(4) occurrence in patients with anatomically nontransmural 
infarctions, therefore without the direct visceral pericardial 
injury that causes epistenocardiac pericarditis; (5) frequent 
recurrences; (6) prompt response to  anti-in�ammatory 
agents; (7) frequent associated pleuritis with or without 
pneumonitis; (8) changes in cellular immunity suggested 
by altered lymphocyte subsets compared with control 
patients; and (9) evidence favoring immune complex for-
mation incorporating antibody combined with myocar-
dial antigen, complement pathway activation, and evidence 
of cellular as well as humoral immunopathic responses. 
Antibodies—anti-heart, antiactin, and antimyosin—are 

provoked by both cardiac surgery and infarction; surgery is 
more  immunostimulating than infarction.44

Recently, female sex (hazard ratio 2.32, 95% con�dence 
interval [CI] 1.22–4.39, p = .01), and pleural incision (hazard 
ratio 4.31, 95% CI 2.22–8.33, p < .001) were reported to be 
risk factors for PCIS.42

CLINICAL MANIFESTATIONS

Patients with PCIS present 1 week or more a�er myocar-
dial injury. It has been reported that 65% of a�ected patients 
presented within 3 months and 100% within 12 months.45

Pericarditis almost always exists in patients with PCIS. 
�ese patients present with chest pain and fever.1 On 
physical examination, a pleural or pericardial rub may be 
found in one-third of the patients.1,42 In addition, leuko-
cytosis, an elevated erythrocyte sedimentation rate and/or 
C-reactive protein, and combinations of pulmonary in�l-
trates and pleural e�usions may be found on radiological 
examination.1,42

Typically, small and le�-sided pleural e�usion is present 
in almost 60% of patients, followed by bilateral, and rarely 
unilateral, right-sided e�usions.40 �e e�usion is hemor-
rhagic in 70% of cases and frankly bloody in 30%. �e pleu-
ral �uid pH and glucose are normal in most cases and the 
predominant cells in the e�usion are polymorphonuclear 
leukocytes during the acute phase and mononuclear cells 
later in the course.40

PREVENTION

Prevention of PCIS is important to reduce morbidity and 
 mortality a�er cardiac surgery. Corticosteroids, aspirin, 
and colchicine have been proposed for the prevention of 
PCIS.30,46,47 �e results of studies including corticosteroid or 
aspirin for the prevention of PCIS were limited to either sin-
gle center or nonrandomized studies.48 Recently, the largest 
clinical trial showed that colchicine signi�cantly reduced the 
incidence of the PCIS at 12 months compared with placebo 
(respectively, 8.9 vs. 21.1%; p = .002).47 Colchicine also reduced 
disease-related hospitalization, cardiac tamponade, constric-
tive pericarditis, and recurrences at 18 months compared to 
placebo (respectively, 0.6 vs. 5.0%; p = .024). No signi�cant 
di�erence was observed regarding side e�ects between col-
chicine and placebo. Subset analysis of this study showed that 
colchicine signi�cantly reduced the incidence of postopera-
tive pericardial e�usions (12.8 vs. 22.8%, p = .019] and PEs 
(12.2 vs. 25.6%, p = .002, regardless of the PCIS de�nition.49

MANAGEMENT

�e majority of patients with PCIS respond well to the 
initiation of anti-in�ammatory agents such as aspirin or 
indomethacin.1 Corticosteroids may be used in cases unre-
sponsive to anti-in�ammatory drugs.50 Pleural e�usion due 
to PCIS rarely requires invasive interventions such as thera-
peutic thoracentesis or any further procedure.
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 PLEURAL EFFUSION AFTER HEART 
TRANSPLANTATION

INCIDENCE

Only two studies to date have described the prevalence of pleu-
ral e�usions in the post-orthotopic heart transplant (OHT) 
population.18,51 Lenner and associates18 retrospectively evalu-
ated the frequency of all pulmonary complications occurring 
a�er 159 OHT surgery. �ey reported 81 pulmonary compli-
cations in 47 heart recipients. Pleural e�usions were accepted 
as complication of the surgery if seen on a chest radiograph 
or if an intervention, such as diagnostic thoracentesis, was 
required. �ey reported e�usions in only 10 (6.7%) subjects.

�e �rst study evaluating speci�cally the prevalence of 
pleural e�usion post-OHT by Misra et al.51 reviewed the chest 
radiographs and chest computed tomography (CT) scans, of 
72 patients. Sixty-one patients (85%) developed an e�usion at 
some time during the �rst 365 postoperative days.51

ETIOLOGY

�e reported prevalence of post-OHT e�usions is similar 
to that seen in the post-CABG patient population.51 Misra 
et al.51 hypothesized that the e�usions post-OHT result from 
the actual surgical procedure of entering the chest cavity 
and disrupting the pleural space. Although it is also possi-
ble that the occurrence of pleural e�usions in the post-OHT 
population could be related to induction or maintenance of 
immunosuppressive regimens, it seems less likely given the 
similarity in occurrence to the post-CABG population.

In the study by Misra et al.,51 none of the patients had 
any evidence for PCIS, such as pericarditis or pneumonitis. 
Possible explanations suggested for these pleural e�usions 
were interruption of the lymphatics that normally drain the 
pleural space, leakage of �uid from the mediastinum, dam-
age from topical hypothermia, or a hypersensitivity reac-
tion to a drug.51

CLINICAL MANIFESTATIONS

Data on the clinical manifestations of pleural e�usion a�er 
post-OHT surgery are limited to one study.51 In this study, 
Misra et al. reported that pleural e�usions were more com-
mon a�er OHT than pretransplantation, despite the pres-
ence of severe cardiac dysfunction preoperatively. Sixty-one 
of the 72 patients (85%) had an e�usion demonstrated at 
some point in the 12 months following transplantation. Ten 
of the 72 (14%) had a unilateral e�usion on the le� while only 
two (3%) had a unilateral e�usion on the right.  Forty-nine 
patients (68%) developed an e�usion on each side at least 
once in the �rst 12 months a�er transplantation, and all of 
these patients also had concurrent bilateral pleural e�usions 
noted at some point during that same period.51

Majority of the postoperative e�usions were small.51 
However, eight patients (13%) had 10 e�usions occupying 

from 25% to 50% of the hemithorax, and seven of those 
 e�usions were le�-sided. Two di�erent patients had an e�u-
sion occupying 50% or more of the hemithorax. E�usions 
were largest on approximately the sixth postoperative day. 
�e e�usions tended to resolve with time.51

 CHARACTERISTICS OF THE EFFUSIONS

Four patients had pleural �uid analysis in the study by Misra 
et al.51 Two of the four e�usions were exudates.51

MANAGEMENT

It appears from the very limited data that e�usions a�er 
post-OHT tend to resolve with time and no intervention 
is necessary for the management of these e�usions. In the 
study by Misra et al.,51 only eight patients (13%) had 10 e�u-
sions occupying from 25% to 50% of the hemithorax, and 
two di�erent patients had an e�usion occupying 50% or 
more of the hemithorax.

 PLEURAL EFFUSION AFTER LUNG 
TRANSPLANTATION

INCIDENCE

Pleural e�usion occurs in almost all lung transplant recipi-
ents in the early postoperative period (within 9 days).6 
Chiles et al.6 reported a 100% incidence in 10 patients a�er 
heart–lung transplantation. Judson et al.52 reported that all 
of nine patients who underwent unilateral lung transplanta-
tion (LT) developed a pleural e�usion. �ese e�usions are 
usually bloody, exudative, neutrophil predominant, and 
usually small to moderate in size. �ey tend to resolve spon-
taneously within 9 days of transplantation.5

Herridge et al.53 reviewed the pleural complications of 
unilateral and bilateral LT. �ey reported that none of the 53 
single-lung transplant recipients had pleural e�usions while 
14 of 91 (15%) double-lung transplant recipients did. �e 
e�usions were empyemas in seven patients, parapneumonic 
e�usions that resolved spontaneously in four, hemotho-
rax in two and chylothorax in one. Shitrit et al.54 investi-
gated the characteristics of late pleural e�usions occurring 
14–45 days a�er LT. Seven out of 35 patients (20%) had late 
pleural e�usion. �e median time for the appearance of 
pleural e�usion was 23 days (range 14–34 days). It has been 
our observation that patients who experience rejection fre-
quently have pleural e�usions.

ETIOLOGY

Pulmonary lymphatics play a major role in the clearance 
of pleural �uid within the lung (almost 80%), whereas only 
20% of the �uid is cleared through the pleural space.55 
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Because the lymphatics are transected during surgery, the 
pleural space becomes the only route for �uid to exit from 
the lung. Two to four weeks are necessary for the reestab-
lishment of the lymphatic integrity. �is time-course cor-
responds with the observations of Judson et al.52 who noted 
decreasing amounts of pleural �uid drainage by the ninth 
postoperative day.

In a recent study by Teixeira et al.,56 the pleural e�usion 
and serum cytokine levels were measured in 20 subjects 
who underwent unilateral or bilateral LT. All patients had 
exudative pleural e�usion following LT. Proin�ammatory 
cytokines interleukin (IL)–1, IL-6, and IL-8 and VEGF were 
measured 6 hours a�er surgery and daily until removal of the 
chest tube or for a maximum of 10 days. Pleural �uid cyto-
kine concentrations were found to be highest at 6 hours a�er 
surgery. Serum concentrations were lower than those in pleu-
ral �uid, and serum IL-1, IL-6, and IL-8 were undetectable at 
all time points. �ey suggested that surgical injury and pres-
ence of a chest tube are responsible for the early increase of 
proin�amatory cytokines in pleural e�usion. �ey observed 
a progressive reduction in pleural cytokine levels overtime. 
However, concentrations remained high during 10 days. 
�ey suggested that postoperative immunosuppressive ther-
apy might be partially responsible for the progressive reduc-
tion of cytokine levels starting postoperative day 1 and the 
consistent injury caused by chest tube might be responsible 
for the higher-than-normal cytokine levels.

 CLINICAL MANIFESTATIONS AND 
PLEURAL FLUID CHARACTERISTICS

�ere are limited data on the clinical manifestations and 
the  characteristics of the pleural e�usion a�er LT. Two 
small case series described the pleural �uid characteristics in 
single-lung transplant recipients.54,57 All the e�usions were 
exudative. Ipsilateral pleural e�usion occurred immediately 
following the surgery and continued for up to 9 days.57

All the e�usions were of medium size, with a median 
�uid volume of 700 mL (range 100–1300). 54

In a larger single-center study, Wahidi et al.58 reviewed 
455 subjects who underwent LT between 1996 and 2005. 
�ey de�ned infected pleural e�usion as follows: any pleural 
e�usion sample with a bacterial, mycobacterial, fungal, or 
viral culture positive for a pathogenic organism, or as a nega-
tive culture result accompanied by the presence of frank pus 
in the pleural space (i.e., 20,000 total nucleated cells/cm2). 
Pleural e�usions underwent drainage in 27% (n = 124) of 
these subjects. Majority of e�usions (95%) were exudative. 
�ey reported that 27% of patients (34 of 124 patients) with 
e�usions had pleural space infections and the incidence of 
infection did not di�er signi�cantly by native lung disease or 
type of transplant operation. Fungal pathogens were found 
to be responsible for >60% of the infections and Candida 
albicans was the predominant organism. In 25% of cases, 
bacterial infections were diagnosed. �e authors reported 
that LDH levels and neutrophil counts were found to be 

increased in infected pleural e�usions compared to those 
of noninfected e�usions (p = .036; p < .0001, respectively). 
�ey reported that a pleural neutrophil percentage of >21% 
provides a sensitivity of 70% and a speci�city of 79% for cor-
rectly identifying an infection. Patients with pleural space 
infection had a diminished 1-year survival rate compared to 
those without infection (67% vs. 87%, respectively; p = .002).

MANAGEMENT

Because e�usions in the �rst 10 days a�er transplantation 
are usually either self-limited or easily treated systemically, 
it is seldom necessary to either examine or drain small to 
moderate pleural �uid collections.52 When new or per-
sistent pleural e�usions are observed beyond the �rst few 
weeks a�er transplantation, the following etiologies should 
be considered: empyema or parapneumonic e�usion, acute 
rejection, organizing pleural hematoma, lymphoprolifera-
tive disorder and cardiac or renal failure.57 A diagnostic 
thoracentesis should be performed to help identify the etiol-
ogy of the e�usion.

 PLEURAL EFFUSION AFTER LIVER 
TRANSPLANTATION

INCIDENCE

Pleural e�usions occur in 11%–100% of the patients within 
1 week a�er liver transplantation.59–62 Afessa et al.59 reported 
that 33 of 43 patients (77%) developed a pleural e�usion in the 
�rst week, and four persisted beyond 6 weeks. Recently, Jiang 
et al.63 reported that 11 out of 70 (16%) patients undergoing 
liver transplantation developed pleural e�usion, which was 
the second most common complication following pneumonia.

ETIOLOGY

�e exact mechanism responsible for the development of 
these e�usions is not known. However, several possibilities 
have been suggested: (1) trauma to the right  hemi-diaphragm 
and lymphatics,59 (2) blood component therapy, (3) atelecta-
sis, (4) low protein levels, (5) hepatic hydrothorax,64 (6) heart 
failure, and (7) renal insu�ciency.63,65

 CLINICAL MANIFESTATIONS AND 
PLEURAL FLUID CHARACTERISTICS

�ese e�usions tend to be right-sided or bilateral in most 
cases.63 One study reported that 34 out of 60 patients (57%) 
who developed pleural e�usion a�er liver transplantation 
had pleural e�usion on the right side and 26 (43%) had bilat-
eral e�usions.64 Pirat et al.66 investigated the risk factors for 
respiratory complications in 44 adult recipients undergoing 
liver transplantation. �ey reported that pleural e�usion 
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was the most frequent (40.9%) respiratory complication and 
patients who had pulmonary complications were signi�-
cantly older (36 ± 14 vs. 27 ± 12, p = .039) and required signif-
icantly more intraoperative transfusions (p = .005) compared 
with those who did not have any respiratory complications.

�ese e�usions are generally transudative in nature.61 
Although they may persist for months, resolution occurs 
within 3–6 weeks in most cases.59,60

MANAGEMENT

�ese e�usions are self-limited in most cases and thoracente-
sis is needed in less than 20% of the patients.64,65,67 �e usual 
course of these e�usions is the development over the �rst sev-
eral days to a week following surgery with resolution within 
3–6 weeks.59,60 �e indications for thoracentesis are as fol-
lows: enlarging or persisting e�usions or presence of evidence 
of pleural infection.63 In case of respiratory insu�ciency due 
to pleural e�usion, chest tube thoracostomy may be needed.65

FUTURE DIRECTIONS

Pleural e�usions a�er surgery are common. Several reasons 
have been suggested including trauma from the surgery itself, 
atelectasis, cardiac failure, and so on. However, the exact 
mechanisms for the etiology of these pleural e�usions are not 
clearly known. Further studies are needed to explain patho-
genesis of pleural e�usions following surgery. Understanding 
etiological mechanisms will help physicians to prevent or 
manage these e�usions successfully in the future.
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Effusions from hepatic hydrothorax

JOSÉ CASTELLOTE AND XAVIER XIOL

KEY POINTS

 ● �e presence of pleural e�usion in a cirrhotic patient should not automatically lead to the diagnosis of hepatic 
thorax, especially if it is le�-sided. Because diagnostic thoracentesis is a safe procedure in patients with cirrhosis, 
pleural �uid analysis is mandatory and may add valuable information to ascitic �uid analysis in patients with asci-
tes and pleural e�usion.

 ● Patients with hepatic hydrothorax and poor function or those with refractory hydrothorax should be considered 
for liver transplantation provided that is the best and de�nitive treatment for liver cirrhosis.

 ● Transjugular intrahepatic portosystemic shunt is an e�ective treatment for refractory hydrothorax in selected 
patients with good hepatic function, especially those with low levels of bilirubin, high number of platelets, and 
absence of hepatic encephalopathy. It can be used as a bridge to hepatic transplantation or as de�nitive treatment in 
patients with contraindication to liver transplantation.

 ● When a cirrhotic patient is admitted with pleural e�usion or presents fever, chills, encephalopathy, chest pain, or 
kidney failure, a spontaneous bacterial empyema should be suspected. A thoracentesis should be performed with 
pleural �uid polymorphonuclear count and culture, inoculating 10 mL of pleural �uid to a blood culture bottle. 
Antibiotic therapy with third-generation cephalosporins should be initiated when pleural �uid polymorphonuclear 
count is over 250 cells/µL. In nosocomial and certain health-care-related cases, carbapenems are preferred.
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Hepatic hydrothorax (HH) is de�ned as the pleural e�u-
sion of hepatic cirrhosis and portal hypertension without a 
primary cardiac, pulmonary, or pleural disease.1–5 HH is an 
uncommon manifestation of portal hypertension and nor-
mally appears in patients with ascites, as the source of the 
pleural �uid is ascites that crosses the diaphragm. However, 
the presence of ascites is not necessary for the diagnosis. 
Pleural �uid of cirrhotic patients can become infected and 
spontaneous bacterial empyema (SBEM) is de�ned as the 
infection of a preexisting hydrothorax without a subjacent 
pneumonia.6,7

INCIDENCE

HH accounts for 2%–3% of all pleural e�usions.8,9 In a 
report from China,10 132 out of 862 cirrhotic patients (15%) 
had pleural e�usion although in most cases e�usion was 
only detected by ultrasonography, and thoracentesis could 
only be performed in 56 (6.5%). �e incidence in the four 
larger cases of cirrhotic patients with ascites11–14 including 
1155  cases was 6%. As many as 20% of patients with HH 
have no clinically detectable ascites.15–17
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In a recompilation of 204 reported cases of HH18 in which 
the side of the e�usion was speci�ed, 162 (79.5%) were right-
sided, 36 (17.5%) were le�-sided, and only 6 (3%) were bilat-
eral. In a recent report of pleural e�usions of cardiac origin, 
they were bilateral in 61% of cases, 27% unilateral on the 
right, and 12% unilateral on the le� side.19 HH is the sec-
ond cause in frequency of transudative pleural e�usions and 
should be suspected when a transudative pleural e�usion is 
unilateral and right-sided.

ETIOLOGY

It is broadly accepted that HH is secondary to transfer of 
peritoneal �uid directly via defects in the diaphragm: this 
mechanism was suggested by the observation of pneumo-
thorax a�er injection of air into the peritoneal cavity. Many 
studies have proved that the injection of air, dyes, or radio-
labelled material into the peritoneal cavity of patients with 
hydrothorax is associated with the rapid movement of these 
materials into the pleural space.2,20,21

Many otherwise normal people probably have tiny con-
genital holes in the diaphragm. In patients with ascites, the 
increasing intra-abdominal pressure and the diaphragmatic 
thinning due to cachexia of cirrhotic patients enlarge these 
defects. Blebs of herniated peritoneum protrude through 
these defects, and if the bleb bursts, a communication 
between peritoneal and pleural space is formed. �ere is 
a pressure gradient between peritoneal and pleural space 
that favors the unidirectional passage of ascitic �uid into 
the chest and may involve a valvular mechanism. �e con-
genital diaphragmatic holes are frequently found in the ten-
dinous portion of the right diaphragm and less frequently 
in the le� diaphragm, which is thicker and more muscular 
than the right. �is could explain why most HH are right 
sided. In patients without ascites, the mechanism of forma-
tion is the same. In these cases all the ascitic �uid rapidly 
crosses the diaphragm and becomes pleural �uid. �is has 
been con�rmed by scintigraphic studies.22

CLINICAL PRESENTATION

HH should be suspected when a cirrhotic patient, especially 
with ascites, develops a pleural e�usion. HH can be asymp-
tomatic, or present with symptoms that can range from 
dyspnea on exertion to overt respiratory failure, depending 
on various factors such as the volume of the e�usion, the 
amount of ascites present, the speed of the accumulation of 
pleural �uid, and the presence of associated pulmonary dis-
ease, not infrequent in alcoholic patients. A life-threatening 
dyspnea secondary to an acute HH has been reported, prob-
ably secondary to a sudden increase in intra-abdominal 
pressure, such as straining or coughing that caused rupture 
of the pleuroperitoneal bleb.23

DIAGNOSIS

�e diagnosis of HH is based on the presence of hepatic 
 cirrhosis with portal hypertension; exclusion of a primary 
cardiac, pulmonary, or pleural disease; and eventually con�r-
mation of the pass of ascites to pleural space. �e diagnosis of 
hepatic cirrhosis is mainly histological, but in general prac-
tice diagnosis is based on clinical, analytical, and ultrasono-
graphic �ndings. �e presence of ascites favors the diagnosis 
but its absence does not rule out HH. To exclude a primary 
cardiac, pulmonary, or pleural disease, a chest radiograph and 
thoracentesis with pleural �uid analysis should be performed 
in addition to pertinent laboratory tests, such as a brain natri-
uretic peptide in the proper clinical setting.24 In patients with 
massive pleural e�usion, the radiograph should be repeated 
when the e�usion has decreased considerably (a�er diuresis 
or therapeutic thoracentesis) to evaluate pulmonary or pleu-
ral pathology that was masked by the e�usion,17 although this 
also can be evaluated by a thoracic scan.

Diagnostic thoracentesis and pleural �uid analysis 
should  be performed to establish the clinical diagnosis. 
In one series of 139 consecutive diagnostic thoracente-
ses in  cirrhotic patients, pneumothorax developed in only 
2  patients (1.3%). �e incidence of bleeding was low (4%) 
and without clinical impact, even in the presence of severe 
coagulopathy.25 Other authors noted that bleeding was 
rarely problematic following paracentesis and thoracente-
sis in patients with coagulation defects, provided that the 
procedure was correctly performed, avoiding intercostal 
vessels.26 In a study of 60 consecutive cirrhotic patients 
admitted with pleural e�usion,17 only 42 (70%) were consid-
ered uncomplicated HH based on pleural �uid analysis. Of 
the other 18 (30%), nine had SBEM, two had pleural tuber-
culosis, two had adenocarcinoma, two had parapneumonic 
e�usions, and three were undiagnosed exudates. When the 
e�usion was right-sided, 37 out of 46 (80%) represented 
and had uncomplicated HH. Conversely, when it was le�-
sided only �ve out of 14 (35%) were HHs. According to this 
study, a diagnosis other than HH o�en cannot be suspected 
only with analysis of ascitic �uid when the patient has both 
 ascites and pleural e�usion. �e later concurs with previ-
ous reports27 that the presence of a le� pleural e�usion in a 
 cirrhotic patient should not be assumed to be an HH.

�e pleural �uid of an HH is a transudate, although 
pleural �uid total proteins are slightly greater than in asci-
tes. However, a small percentage of cirrhotic patients with 
an HH have protein concentrations in the exudate range 
according to Light’s criteria28 maybe due to diuresis.29 In 
these cases, the serum–pleural albumin gradient should be 
calculated and if it is >12 g/L, should be classi�ed as a trasu-
date.30,31 Bielsa et al.32 reported that an albumin ratio lower 
than 0.6 could be diagnostically useful in this setting.

In conclusion, chest radiography and paracentesis should 
be performed if there is clinical ascites and thoracentesis in 
all patients with suspected HH. Pleural �uid analysis should 
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include total protein, albumin and lactate dehydrogenase 
(LDH) determinations, polymorphonuclear count and cul-
ture in a blood culture bottle to evaluate for SBEM, and to 
rule out other causes of pleural e�usion. A smear to exclude 
malignancy, and pleural �uid amylase and adenosine deam-
inase, especially in countries were tuberculosis is prevalent, 
should be considered when the �uid is an exudate or when 
the e�usion is le�-sided. In this last case, a thoracic com-
puted tomography (CT) can help to rule out pulmonary or 
pleural pathology.

�e most accurate way to con�rm the communication 
between pleural and peritoneal space is with scintigraphy, 
although communications may be detected with ultrasonog-
raphy using ultrasound contrast agent21 or magnetic reso-
nance.33 �ese studies are not necessary in clinical practice. 
�ey can be used to con�rm a hydrothorax when pleural �uid 
has exudative characteristics or if there is a plan to close the 
communications by video-assisted thoracoscopy (VAT).

TREATMENT

HH is secondary to the passage of ascites through a dia-
phragmatic defect, and ascites is secondary to portal 
hypertension, hypoalbuminemia, and renal salt retention. 
Treatment can be directed at treating salt retention (diuret-
ics), to reduce portal hypertension via transjugular intrahe-
patic portosystemic shunt (TIPS), closing the diaphragmatic 
defects via VAT with or without concomitant talc pleurode-
sis, and ultimately liver transplantation (Table 31.1).

�e �rst-line treatment is the same for ascites; sodium 
restriction and diuretic therapy, that is, spironolactone 
at incremental doses and furosemide. In case of intoler-
ance to spironolactone due to gynecomastia, triamterene 
may be considered. �ose who do not respond to medi-
cal therapy are considered to have refractory hydrothorax 
(RH). RH can be de�ned as a pleural e�usion that cannot 
be mobilized (with diuretics or thoracentesis) or the early 
recurrence that cannot be prevented by medical therapy. 

Other authors have de�ned RH as pleural e�usion  requiring 
repeated  thoracenteses despite treatment with the high-
est tolerable doses of spironolactone and furosemide16 or 
recurrent pleural e�usion that, despite salt restriction and 
diuretic therapy, requires repeated thoracenteses to control 
symptoms.34 �e incidence of RH is not well established. In 
a retrospective study of 405 patients admitted with ascites 
over a 5-year period, seven of 27 patients (26%) with HH 
were considered refractory.11 In a prospective study of 60 
cirrhotic patients with HH, 13 (21.7%) were considered 
refractory. Management of RH is challenging because most 
cirrhotic patients with RH have severely impaired liver 
function and aggressive therapy in these fragile patients 
results in a high morbidity and mortality. With the excep-
tion of liver transplantation, no single therapy has been 
shown to be completely satisfactory because of associated 
morbidity and poor e�cacy. A retrospective study showed 
that intervention is better than clinical control35 in HH, but 
controlled trials are lacking and clinical decisions must be 
taken on the basis of case reports or small series of patients.

�oracentesis is the most e�ective method for the rapid 
relief of dyspnea associated with HH. Because paracentesis 
has minimal adverse e�ects and can improve dyspnea by 
decreasing intra-abdominal pressure, it is advisable to drain 
the ascites initially and only perform thoracentesis if ascites 
is absent or if paracentesis does not ameliorate symptoms. 
�oracentesis relieves symptoms of patients readily with 
few complications except pneumothorax.17 If performed 
carefully, the risk of bleeding is small even without admin-
istering hemoderivates. However, the risk of pneumothorax 
is not negligible. In 19 patients with RH who were treated 
with 76 therapeutic thoracenteses, �ve patients had seven 
pneumothoraces (9% of the procedures). Although there 
was no mortality associated with pneumothorax, a chest 
tube had to be inserted in four cases.25 A chest radiograph 
a�er therapeutic thoracentesis is advisable, not only for the 
detection of pneumothorax but also for the evaluation of 
pulmonary or pleural pathology that was masked by the 
e�usion. Reexpansion pulmonary edema, a rare complica-
tion of thoracentesis, is associated with previous pulmonary 

Table 31.1 Therapeutic options of hepatic hydrothorax depending on the physiopathology

Liver cirrhosis Liver transplantation

Portal hypertension TIPS
Splanchnic vasodilatation Vasoconstrictors

Ascites Peritoneo-venous shunts
Large volume paracentesis

Diaphragmatic defects Surgical closure
Videothoracoscopy

Transdiaphragmatic gradient pressure continuous positive airway pressure (cPAP)
Hydrothorax Therapeutic thoracentesis

Tunneled pleural catheter
Pleurovenous shunts
Chemical pleurodesis
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disease and evacuation of high pleural volume over a short 
time. Evacuation of more than 2000 mL of pleural liquid 
and use of aspiration is not advisable. It has been suggested 
that expansion with albumin may prevent this complica-
tion. �us, for patients with RH whose liver function is not 
expected to improve spontaneously, as occurs a�er vari-
ceal bleeding, bacterial infection, or recent alcohol intake, 
repeated thoracentesis is not the treatment of choice, and 
alternatives should be investigated.

Chest tube insertion should be avoided because it does 
not solve the problem and produces massive �uid loss with 
secondary acute kidney injury that can lead to death of the 
patient.36,37 Mortality as high as 40% has been reported in 
cirrhotic patients Child–Pugh class C.38 If a chest tube is 
placed, appropriate replacement of �uid losses and albumin 
(6–8 gr/L of pleural �uid removed) is needed and the tube 
must be removed as soon as possible. A good response asso-
ciated to terlypressin (a vasoconstrictor) has anecdotally 
been reported.39 In the last years, tunneled pleural catheters 
have been used in complicated or recurrent pleural e�u-
sions, especially those of malignant etiology.40 Isolated cases 
in HH have been reported41,42 with good results. Although 
infectious complications may be expected. �e usefulness of 
this procedure should be prospectively studied.

Pleurodesis with tetracycline or talc has been used in the 
past. �e irritant is administered through a chest tube or 
by thoracoscopy. Positive results are achieved in less than 
50% of patients, although results are better in cases without 
ascites. Failure is due to the continuous passage of ascitic 
�uid from the abdominal cavity resulting in dilution of the 
irritant and the inability of keep the pleural surfaces juxta-
posed. �e results may be improved if the sclerosing agent 
is administered by VAT,43,44 VAT with simultaneous perito-
neal drainage,45 or associated to continuous positive airway 
pressure.46

Closure of transdiaphragmatic fenestrations can be done 
by open thoracotomy or by video-assisted thoracoscopic 
surgery with or without concomitant pleurodesis.47–49 
Open thoracotomy in a cirrhotic patient has a signi�cant 
mortality. Mouroux et al.49 found demonstrable diaphrag-
matic defects in six out of eight patients. �e pleural e�u-
sion did not recur when fenestrations could be closed, but 
the other two patients had recurrent e�usion and died 1 
and 2  months following the procedure. In the series by 
Milanez de Campos et al.,47 which included 18 patients, 
two  developed empyema and six hyponatremia and hypo-
albuminemia in relation to chest tube drainage. Ten of 
21 patients (47.6%) had a good response, but seven patients 
(38.8%) died 12–40 days a�er the procedure. In conclusion, 
VAT with concomitant talc pleurodesis for RH is useful 
in 40%–75% but may result in prolonged  hospitalization, 
severe secondary e�ects (hyponatremia, infection), and 
considerable mortality. Patients with demonstrable dia-
phragmatic defects treated with  closure have better results. 
Its main indication is for patients with RH without asci-
tes or low volume of ascites, good hepatic function in 
which TIPS or liver transplantation is contraindicated, 

although more experience is needed to con�rm a role in 
the  management of RH.

TIPS is a procedure that creates an anastomosis 
between portal and hepatic veins that behaves as a side-
to-side portocaval shunt. It decompresses the hepatic 
and splancnic vascular bed, causing the portal pressure 
to fall. Introduced for the treatment of variceal bleeding, 
it is also e�ective for ascites because portal hypertension 
is a prerequisite for ascites formation and it is useful for 
refractory ascites and also for RH. Although it can be 
performed in high-risk postoperative patients, TIPS can 
impair liver function due to a reduction of an e�ective 
portal perfusion to the liver. �is impairment can be 
dramatic for patients with poor liver function in whom 
it is contraindicated. Additional problems are induction 
or worsening of hepatic encephalopathy and occlusion or 
stenosis of the stent.

Several series of refractory HH treated by TIPS have 
been reported. Most are retrospective studies, using cov-
ered and uncovered stents and including patients treated 
for a long period of time. Controlled studies are lacking 
and randomized comparison with other treatment options 
may not feasible. �e results of the main studies15,16,50–54 
are summarized in Table 31.2. �e mean complete and 
partial response (not requiring thoracentesis) rates were 
58% and 20%, respectively. �e 30-day mortality rate was 
29% and the 1-year survival rate was 50%. It has been sug-
gested that platelets >75 × 109 /L and bilirubin <50 µmol/L 
are predictors of good survival55 with TIPS in patients 
with refractory ascites. Other prognostic factors are age, 
response to TIPS, pre-TIPS creatinine, and the MELD 
score (model for end-stage liver disease).56 In conclusion, 
in selected patients with RH and a relatively preserved 
hepatic function (MELD < 17), younger than 65 with low 
levels of bilirubin and absence of hepatic encephalopathy, 
TIPS can be an e�ective treatment for RH. It can be used 
as a bridge to hepatic transplantation or as de�nitive ther-
apy in those cases with clinical contraindications to liver 
transplantation.

Hepatic transplantation is the best therapy for decom-
pensated hepatic cirrhosis and therefore for patients with 
RH. Most series reported few cases but results are similar 
to patients with ascites.15 It is indicated in RH but also in 
patients with HH and bad hepatic function (MELD > 15) 
or a�er an episode of SBEM. In a retrospective study of 
our group57 we studied 28 transplanted patients with HH 
in terms of early complications and long-term survival. 
�ere were no di�erences between hydrothorax group and 
a control group in length of surgery, transfusions, days of 
mechanical ventilation, and intensive unit admission days 
a�er surgery or postoperative mortality. �ere were no dif-
ferences, either, in long-term survival or in gra� survival. 
�ese results have been con�rmed by others.58 In conclu-
sion, liver transplantation is the best therapy for patients 
with HH, there are not more complications related to pleu-
ral e�usions, and long-term survival is similar to that for 
patients without hydrothorax.
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 COMPLICATIONS: SPONTANEOUS 
BACTERIAL EMPYEMA

SBEM is the infection of a preexisting hydrothorax in which 
a parapneumonic infection has been excluded. Spontaneous 
bacterial peritonitis (SBP) is a well-known complication in 
cirrhotic patients with ascites59 and SBEM is a very similar 
infection. Although some authors prefer the term sponta-
neous bacterial pleuritis,28 most of the articles de�ne this 
complication as SBEM.6,7,10,60,61 In a prospective study of our 
group nine out of 60 (15%) cirrhotic patients with pleural 
e�usion had SBEM at admission.17 In a study of 4 years done 
in Taiwan, 81 of the 390 (16%) cirrhotic patients who under-
went a thoracentesis were diagnosed of SBEM.10

In the cases studied in our center,6,7,17 53% were associ-
ated with SBP, 30% had no ascites, and 17% had noninfected 
ascites. In the Chinese series, SBEM were not associated to 
SBP in 37/81 (45%) patients,60 suggesting that SBEM is not 
necessarily secondary to SBP. Probably, pathogens arrive to 
pleural space through a bacteremia, in most cases originat-
ing in the gut. �is is the same pathogenesis reported for 
SBP, although spreading of an infected ascitic �uid through 
diaphragmatic defects cannot be excluded in some cases. 
As SBEM can be present without a simultaneous SBP, both 
paracentesis and thoracentesis should be performed when 
an infection is suspected in a cirrhotic patient with ascites 
and hydrothorax. �e fact that diagnostic thoracentesis is 
a procedure with low morbidity in cirrhotic patients with 
pleural e�usion supports this approach.25

Risk factors for developing SBEM have been de�ned. Sese 
et al.62 found that low pleural �uid protein and C3 levels and 

higher Child–Pugh score was associated with SBEM. Chen 
et al.10 identi�ed pleural �uid protein <12 g/L and a simulta-
neous SBP as independent risk factors for the development 
of SBEM.

Clinical manifestations of SBEM are shown in Table 31.3. 
It is noteworthy that thorax-related symptoms are scanty, 
and thus a high suspicion index and a prompt diagnos-
tic thoracentesis should be performed to diagnose SBEM 
when unspeci�c signs or symptoms are present such as 
renal insu�ciency or hepatic encephalopathy. Criteria for 
 diagnosis include positive pleural �uid culture and a pleu-
ral �uid polymorphonuclear count greater than 250 cell/μL, 
and exclusion of parapneumonic infection, that is, evidence 
of pleural �uid before infection or transudate  characteristics 
during infection and chest radiograph or CT scan with-
out evidence of pneumonia.6,7 Culture-negative SBEM is 
 diagnosed when patients have a compatible clinical course, 
negative pleural �uid culture, and a  polymorphonuclear 
count greater than 500 cell/μL. Culture of pleural �uid 
should be done by inoculating 10 cc of pleural �uid into a 
blood culture bottle at bedside because a causal bacteria is 
identi�ed in almost 75% of the episodes using this method 

Table 31.2 Results of transjugular intrahepatic portosystemic shunt in refractory hydrothorax

Author (Year) N Responsea Mortality 
30 days

Survival 
1 year

Encb

Complete Partial No
Gordon et al. 

(1997)
24 14/24 (58%) 5/24 (21%) 5/24 (21%) 13/24 (54%) 37%

Jeffries et al. 
(1998)

12 5/12 (42%) 2/12 (16%) 5/12 (42%) 4/12 (33%) 33%

Chalasani et al. 
(2000)

24 56% 20%

Siegerstetter 
et al. (2001)

40 21/40 (53%) 11/40 (27%) 8/40 (20%) 6/40 (15%) 64% 5%

Spencer et al. 
(2002)

21 12/19 (63%) 2/19 (11%) 5/19 (11%) 6/21 (29%)

Wilputte et al. 
(2007)

28 19/28 (68%) (4/28) 14% 41%

Dhanasekaran 
et al. (2010)

73 43/73 (59%) 15/73 (20%) 15/73 (21%) 19% 48% 15%

TOTAL 222 114/196 
(58%)

35/168 
(21%)

38/168 
(22%)

30/103 
(29%)

a Complete response, lack of pleural effusion; partial response, persistence of pleural fluid but no need for thoracentesis.
b New or worsening encephalopathy during follow-up.

Table 31.3  Clinical manifestations in 65 reported cases of 
spontaneous bacterial empyema

N %

Temperature >38° Celsius 40 61
Dyspnea 22 34
Abdominal pain 22 34
Encephalopathy  8 12
Septic shock  4  6
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while this rate is only 33% when conventional microbiologi-
cal techniques are used.7,10

During the infectious episode pleural �uid characteris-
tics may change, although proteins and glucose levels gen-
erally stay invariable. LDH increases and some cases can be 
de�ned as exudate by Light criteria due to LDH increment.28 
It has been suggested that serum–pleural albumin gradient 
>11 g/L accurately di�erentiate between HH or SBEM and 
other exudative pleural e�usions.31

In �ve series reported including 146 cases,6,7,10,60,63,64 
69 were  culture negative and 77 (52%) were culture posi-
tive (60%). �e most common organisms cultured were 
Escherichia coli in 32 cases, Klebsiella pneumoniae in  15, 
Enterococcus spp. in 10, Streptococcus spp. in 9, and 
Pseudomonas in 5 cases. In the 81 patients reported by Chen 
et al.,57,60 55 were community acquired, in which the most 
common causative pathogen was E. coli, and 36 were hospi-
tal acquired, in which Klebsiella spp. was the main pathogen 
isolated. Due to delay in culture results, pleural polymor-
phonuclear neutrophil (PMN) count is the cornerstone of 
the diagnosis. �e use of reagent strips for leukocyte ester-
ase designed for the testing of urine has shown to be a very 
sensitive and speci�c method for the rapid diagnosis of SBP 
in cirrhotic patients with ascites,65 and has been validated in 
pleural �uid to diagnose SBEM.66

Mortality in the �ve series was 34% (50 of 146). 
Intravascular expansion with albumin improves survival in 
cirrhotic patients with SBP.67 Although this approach has 
not been evaluated in SBEM, it should improve prognosis 
because an impairment of systemic circulation a�er SBEM 
should be expected. Moreover, infusion of albumin showed 
utility in cirrhotic patients with infections other than SBP68 
in terms of renal failure and a trend to improve survival. 
Risk factors for poor outcome are high MELD-Na score, 
initial intensive care unit admission, and initial antibiotic 
treatment feature.60

Treatment with a third-generation cephalosporin, cefo-
taxime or ce�riaxone, should be initiated without waiting 
pleural �uid culture when pleural �uid polymorphonuclear 
count is over 250 cells/μL or a positive reagent strip is posi-
tive. Nosocomially acquired episodes of SBP and SBEM 
have a high risk of third-generation cephalosporin resis-
tance69 and should be empirically treated with carbapen-
ems. A�erwards, antibiotic treatment should be adjusted 
according to susceptibility testing.

In our series, none of the patients was treated with 
a chest tube because pleural �uid did not meet the bio-
chemical criteria for its insertion. In the Chinese series, 
some of the patients received pigtail catheter drainage: 
they had many complications and mortality was not 
improved.60 As most patients cured of the infection with-
out chest tube and its insertion can be harmful, a chest 
tube should not be used for treating SBEM. Owing to 
frequent recidivism of the infection, prophylaxis with 
nor�oxacin is recommended to all survivors of an epi-
sode of SBEM. Long-term survival of patients with SBEM 

is poor; in a retrospective series from our hospital, the 
median  survival of cirrhotic patients with an SBEM was 
13 months; thus, an SBEM should be considered as an 
indication for liver transplantation.57

FUTURE DIRECTIONS

�e utility of criteria such as albumin gradient or albu-
min ratio in the diagnosis of HH should be prospectively 
studied. Because hydrothorax is secondary to ascites, the 
new treatments for ascites such as oral vasoconstrictors or 
aquaretics may be applied to HH. Risk factors of mortal-
ity and factors of good response should be studied in cir-
rhotic patients with HH treated by TIPS to avoid misuse and 
futility. �e role of VAT with or without pleurodesis in cir-
rhotic patients with HH and a good hepatic function should 
be determined. �e use of tunneled pleural catheters may 
be useful to treat refractory HH; nevertheless, indications, 
potential complications, and appropriate management of 
�uid losses should be carefully studied. Nosocomial and 
health-related SBEM may be frequently caused by resistant 
third-generation cephalosporin bacteria: new empirical 
antibiotic treatment should be tested.
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Effusions caused by gastrointestinal  
disease

DAVID HSIA AND ALI I. MUSANI

INTRODUCTION

A variety of pleural e�usions arise from diseases below the 
diaphragm. Usually caused by diseases of the upper abdo-
men, evaluation of these e�usions can provide diagnos-
tic and prognostic assistance to disease management. �e 
pleural space is anatomically only a few millimeters away 
from the abdomen and is separated by the muscular and 
tendinous portions of the diaphragms. Given the close 
proximity of the abdominal and thoracic spaces, any peri-
toneal �uid collection that contacts the abdominal side of 
the diaphragm can potentially result in the development of 
a pleural e�usion.

Most peritoneal �uid is normally absorbed by dia-
phragmatic lymphatics while di�usion into peritoneal 

blood vessels plays only a minor role. Absorption by the 
parietal and visceral peritoneum is not quantitatively  
signi�cant.1 Fluid enters through stomata located between 
mesothelial cells lining the peritoneal surface of the  
diaphragm. �e �uid then enters a network of lacunae, 
which are terminal lymphatics. Four lymphatic pathways 
drain di�erent portions of the diaphragm. �e predomi-
nant drainage pathway bypasses the thoracic duct and 
travels cranially along retrosternal lymphatics and even-
tually leads to the terminal thoracic duct or right thoracic 
duct.

Peritoneal �uid that overwhelms normal drainage 
mechanisms can travel directly into the pleural space 
through defects in the diaphragm as well as by trans-
diaphragmatic lymphatics.2 Diaphragmatic defects 

KEY POINTS

 ● In�ammation of most of the organs of the upper abdomen cause pleural e�usions.
 ● Gastrointestinal sources should be considered when empyema thoracis is diagnosed. A contrast computed 

 tomography that includes the upper abdomen should be performed.
 ● Pleural �uid amylase should be obtained when an undiagnosed e�usion persists.
 ● Pancreatitis-associated pleural e�usions are common and o�en respond to conservative therapy. Important 

 diagnoses to exclude include pancreatic abscess and pancreaticopleural �stula.
 ● An esophagram is the diagnostic test of choice for suspected esophageal rupture. Imaging with a water-soluble 

contrast agent should be followed by barium sulfate to de�nitively exclude the diagnosis.
 ● Pleural �uid bilirubin is higher than serum bilirubin transiently when there is direct communication between the 

biliary tract and pleural space. �is may occur as a complication of biliary obstruction or hepatic abscess.
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are usually microscopic but can become enlarged with 
increased intra-abdominal pressure. �ey are more com-
mon on the right, possibly as the le� hemidiaphragm is 
more muscular.3 Peritoneum can herniate through these 
defects to form pleuroperitoneal blebs, which can leak 
peritoneal �uid. Rupture of these blebs creates a direct 
connection between the peritoneal and pleural spaces. 
Peritoneal �uid usually �ows unidirectionally into the 
pleural cavity due to the pressure gradient between the 
abdominal and pleural spaces. In addition, any diaphrag-
matic disruption by surgery, catheters, or trauma will 
allow �uid to migrate into the pleural space.

Some e�usions from abdominal diseases arise from 
above the diaphragm. �e muscular portion of the dia-
phragm is richly vascularized and may become in�amed. 
Abdominal events a�ecting the inferior aspect of the dia-
phragm can cause su�cient vascular in�ammation on 
the thoracic side of the diaphragm to exude pleural �uid. 
�ese “sympathetic” e�usions may result if pleural �uid 
production is high, if resorption through parietal pleural 
lymphatics is low, or if pain from the upper abdominal pro-
cess produces pleuritic pain su�cient to cause atelectasis 
(Figure 32.1). Since small pleural e�usions have been asso-
ciated with atelectasis, the di�erentiation between a pulmo-
nary and diaphragmatic source of e�usion in these patients 
remains unknown and clinically academic.

�is chapter will focus on gastrointestinal and abdom-
inal illnesses shown to produce pleural e�usions. In an 
organ-by-organ approach, these infections and in�am-
matory disorders will be addressed to describe the typical 
clinical presentation, diagnostic evaluation, and thera-
peutic options. Pleural e�usions resulting from hepatic 
hydrothorax, metastatic malignancies, and postoperative 
complications are addressed in other chapters.

 PANCREATIC DISEASE

Pancreatitis results from more than 50 causes and is the 
most common gastrointestinal disease associated with 
pleural e�usions. Diagnosis can be extremely di�cult, 
particularly in patients with chronic disease in which 
amylase elevations can be small or nonexistent. �e inten-
sity of pancreatic in�ammation ranges from mild dis-
ease to frank necrosis with intraglandular hemorrhage. 
In acute pancreatitis, in�ammatory pancreatic exudate 
enters the surrounding plexus of subperitoneal and sub-
diaphragmatic lymphatics that communicate with the 
pleural space through the diaphragm. Lymphatics must 
participate in transfer of pancreatic exudate to the pleu-
ral space since pleural �uid amylase is higher than serum 
amylase.

Elevated pleural �uid amylase levels are not speci�c to 
pancreatitis, and other conditions need to be considered 
when encountering this �nding. Isoenzyme analysis can 
determine if elevated amylase levels are pancreatic in origin 
as salivary amylase is suggestive of other etiologies. Benign 
conditions include esophageal rupture, tuberculosis, and 
cirrhosis.4 Elevated pleural �uid amylase may be a rare �nd-
ing in pneumonia.5 Metastatic malignant e�usions from 
many organs can also produce salivary amylase. Ovarian 
carcinoma or ectopic pregnancy should be considered in the 
setting of amylase-rich peritoneal �uid.6

Clinically signi�cant pleural e�usions are seen in 
approximately 4%–17% of cases of acute pancreatitis on 
chest radiography. However, computed tomography (CT) 
is a much more sensitive imaging modality; in a series of 
133 patients, pleural e�usions were found in over 50% of 
patients imaged by CT within 72 hours of presentation.7 
Pleural e�usions are o�en too small to sample and resolve 
when the pancreatitis abates, typically within 2 months.8 
�ey are o�en accompanied by peritoneal �uid or pericar-
ditis.8 Pleural �uid analysis demonstrates an exudate with a 
neutrophil predominance and can have signi�cant numbers 
of red blood cells. Pleural �uid amylase can be normal ini-
tially but usually becomes greater than two times the blood 
amylase as disease progresses.9,10 E�usions are more com-
monly bilateral or le� sided.7,11

Pleural e�usions are usually small but are more com-
monly seen with advanced disease such as with pancreatic 
necrosis.12 �ey result from systemic in�ammation, dia-
phragmatic in�ammation, associated pulmonary atelecta-
sis, or early acute respiratory distress syndrome. Presence 
of an e�usion has recently been recognized as a key indi-
cator of disease severity. �e bedside index for severity in 
acute pancreatitis and extrapancreatic in�ammation on CT 
(EPIC) are clinical scoring systems, which include consider-
ation of pleural e�usions. �ese indices are commonly used 
in clinical practice and have equitable or improved ability 
to risk stratify morbidity and mortality compared to prior 
indices evaluating only pancreatic injury.13,14

(a) (b)

Figure 32.1 Example of a sympathetic effusion from a 
pyogenic liver abscess. (a) 6 cm liver abscess that grew 
Klebsiella pneumonia on culture →. No pleural effusion 
was initially present. (b) Subsequent development of 
subcapsular fluid →	and exudative pleural effusion* 10 
days after treatment with antibiotics and percutaneous 
catheter drainage. 
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Pancreatic pseudocysts develop from impaired drainage 
by the pancreatic duct or its intrapancreatic branches and 
may migrate toward the diaphragmatic surface. Intact pseu-
docysts can migrate into the mediastinum or rarely into the 
pleural space and present as mass lesions. More commonly, 
however, the pseudocyst leaks or ruptures into the subdi-
aphagmatic, mediastinal, or pleural space. Rarely, pseudo-
cysts may rupture directly into the airways.15,16 Because the 
pleural space is under negative pressure, migration of pseu-
docyst �uid into the pleural space is o�en the path of least 
resistance. �e combination of the extremely caustic pseu-
docyst �uid and impaired pancreatic drainage increases the 
potential for �stula formation.

Pancreaticopleural �sulas are rare and develop primarily 
as complications of chronic pancreatitis, such as secondary 
to rupture of a pseudocyst or disruption of the pancreatic 
duct.17 �ey are estimated to occur in only 0.4% of patients 
with pancreatitis and 4.5% of patients with pancreatic 
pseudocysts.18 Interestingly, less than a third of patients 
have abdominal symptoms.19 Pleural �uid associated with 
pseudocysts or pancreatic �stulae is always exudative and 
neutrophil rich. Bloody e�usions can be associated with 
pleural �uid eosinophilia.20 Development of empyema may 
 complicate approximately 15% of cases.21

Fistulae between the pancreatic body and the pleural 
space also release large amounts of amylase-rich pancreatic 
�uid into the pleural space. Review of 52 published cases 
reported a mean pleural �uid amylase level over 47,000 U/L, 
though levels may exceed 100,000 U/L.17 �e extraordi-
narily high amylase level is a hallmark feature and suggests 
the presence of a pancreaticopleural �stula. �e e�usions 
are o�en large and le� sided. Bilateral or right-sided pan-
creaticoopleural e�usions have been described with �stulae 
that traverse the mediastinum where the esophagus pen-
etrates the diaphragm before entering into the pleural space 
through the mediastinal pleura.17

CT imaging is usually the �rst radiologic method used 
to evaluate for a suspected pancreaticopleural �stula. 
Ultrasonography and �uoroscopy with contrast agents have 
also been helpful. Endoscopic retrograde cholangiopancrea-
tography (ERCP) is more sensitive compared to CT (78% vs. 
47%) though sensitivity can vary with procedural timing 
and anatomic variations.17 Sensitivity of magnetic resonance 
cholangiopancreatography is similar to ERCP but does not 
allow for concurrent therapeutic intervention; however, it is 
noninvasive and does not require procedural sedation.

Conservative medical therapy consisting of 2–4 weeks of 
pancreatic rest and hyperalimentation is successful in treat-
ing 30%–60% of �stulas.17,21 No speci�c therapy is necessary 
for the pleural space though serial therapeutic thoracentesis 
can be used for symptom relief. Somatostatin or its analog 
octreotide may reduce pancreatic �uid production and pro-
mote �stula closure. Medical therapy alone, however, is asso-
ciated with complications of sepsis and empyema along with 
a prolonged disease course.21 Distal pancreatectomy and 
pancreaticojejunostomy are the two most common surgical 
interventions. Endoscopic interventions can be performed 

at the time of diagnostic ERCP and are now frequently used 
as initial therapy. �ese include pancreatic sphincterotomy, 
stone extraction, stenting of the pancreatic duct,22 insertion 
of nasopancreatic drains,23,24 or occlusion of the �stula.

Pancreatic abscess is a rare complication of acute pancre-
atitis that occurs in approximately 4% of cases. Pleural e�u-
sions may develop from the localized in�ammatory reaction 
and secondary infection of a pseudocyst. Delays in abscess 
drainage may be fatal. Pleural e�usions occurred in 39% of a 
series of 63 patients with pancreatic abscess and contributed 
to signi�cant morbidity and mortality in these cases.25

SPLENIC DISEASES

Splenic infarctions, hematomas, and abscesses o�en pro-
duce pleural e�usions. �ese e�usions are always le� sided 
and o�en accompanied by pleuritic pain. E�usions are 
usually small, neutrophil-rich exudates that require no 
speci�c therapy. Nevertheless, recognition of the underly-
ing diagnosis is important. Pleural e�usions may also be 
rare presentations with tumors of the spleen, epidermoid 
cysts,26 splenic vein thrombosis,27 and primary rupture of 
the spleen with amyloidosis.

Splenic abscess is a rare condition with predisposing risk 
factors that include trauma, endocarditis or systemic infec-
tion, immunode�cient states, diabetes mellitus, and malig-
nancy. Rising incidence of splenic abscess may be related to 
increased utilization of modern radiographic imaging meth-
ods, such as CT and ultrasound, as well as increased use of 
immunosuppressive medical therapies. �e most common 
associated organisms are Staphylococcus and Streptococcus 
species, though gram-negative organisms are not uncom-
mon. Clostridium perfringens abscesses have been described 
in patients with sickle cell anemia and intravenous drug 
use,28 whereas tuberculosis may be a more common cause in 
endemic regions.29 Concurrent pleural e�usions have been 
described in approximately 50% of cases.30 Percutaneous 
aspiration or drainage of the abscess can been used to sup-
plement antibiotic therapy, especially in patients who are 
poor surgical candidates. Aspiration or drainage also plays 
a role as a bridge to surgery and to avoid long-term sequelae 
associated with splenectomy. However, splenectomy is still 
required in a large proportion of patients and remains the 
de�nitive therapeutic intervention.

Splenic hematomas usually result from trauma. Yet, pleu-
ral e�usions associated with a subphrenic hematoma may 
be distant from the time of trauma.31 Some patients may not 
volunteer a trauma history since minor trauma can cause 
splenic hematomas. Pleural e�usions may rarely occur with 
splenic subcapsular hematomas.32 Pleural �uid may some-
times be hemorrhagic in this condition and usually resolves 
spontaneously over 2 weeks while the hematoma can persist 
for a longer time.33

Splenic infarctions result from vascular obstruction 
associated with a number of potential processes including 
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embolic disease, hypercoaguable states, intrinsic or extrinsic 
obstruction of the splenic artery or vein, trauma, vasculitis, 
or in�ltrative diseases. �e splenic arteries are single-end 
arteries without signi�cant collateral circulation. �is ana-
tomic arrangement makes the spleen particularly suscepti-
ble to sickle cell occlusion that can occur in unusual settings 
such as in sickle cell heterozygotes at altitude.34 �erapeutic 
splenic infarction by embolization has been used to control 
the hypersplenism of cirrhosis. Pleural e�usions associated 
with splenic infarction are usually small and are common 
when more than 80% of the spleen is a�ected.35

Other causes of splenomegaly including Castleman’s dis-
ease, sarcoidosis, and lymphomas may also be associated 
with pleural e�usions.

ESOPHAGEAL DISEASES

Esophageal rupture usually results from iatrogenic causes, 
though spontaneous esophageal rupture can occur a�er 
protracted vomiting or as a complication of esopha-
geal carcinoma, perforation of Barrett’s ulcer, intensive 
radiation therapy, esophageal Crohn’s disease,36 herpetic 
esophagitis,37 or tuberculous esophagitis.38 Review of 559 
published cases found the underlying cause to be 59% 
endoscopy-related complications, 15% spontaneous perfo-
ration (Boerhaave’s syndrome), 12% foreign body ingestion, 
9% trauma, 2% surgical complications, 1% malignancy, and 
2% from other causes.39 Mortality was 18% in this series. 
Diagnosis can be di�cult, which results in delayed recogni-
tion of the disease and and higher mortality.

Killian’s triangle is the region of the normal esophagus at 
greatest risk for perforation from instrumentation. �is area 
is bordered by the inferior constrictor pharyngeus and crico-
pharyngeus muscles. �e posterior wall of this section of the 
esophagus is unsupported by muscular tissue, which makes 
it more susceptible to perforation. Dilation of esophageal 
strictures is the most common cause of endoscopic esopha-
geal rupture. Pneumatic dilation for achalasia is associated 
with a 1%–5% risk of esophageal perforation40 compared to 
0.03% with routine �exible esophagoduodenoscopy.41 Other 
endoscopic causes of perforation include removal of foreign 
bodies and sclerosis of esophageal varices.

Traumatic or postsurgical esophageal perforation results 
from a variety of esophageal insults. Surgeries for esophageal 
carcinoma are prone to leakage at the primary anastomotic 
site; occasionally the esophagus is injured during other tho-
racic operations.42 Rarely, blunt trauma may rupture the 
esophagus such as with a Heimlich maneuver43 or automo-
bile accidents. Perforation from foreign body ingestion is 
theoretically at higher risk at areas of anatomical narrow-
ing, such as where the cricopharyngeus muscle, aorta or le� 
mainstem bronchus overlie the esophagus, and at the distal 
esophagus proximal to the lower esophageal sphincter. �e 
location of perforation is related to the underlying cause of 
injury. �e cervical esophagus is the predominant site of 

injury resulting from trauma and foreign body ingestion, 
the thoracic esophagus with endoscopy, and the abdominal 
portion from spontaneous or postsurgical causes.39

�e gastroesophageal junction lies adjacent to the medi-
astinal pleura. Esophageal rupture from any cause may 
allow esophageal �uids access to the mediastinum. Since the 
esophageal mucosa is not sterile, the introduction of bac-
teria into the mediastinum and pleural space is associated 
with mediastinitis and empyema along with development 
of sepsis and potentially death. Although some case series 
have suggested that mediastinitis without pleural rupture 
carries a better prognosis, di�erences in time to recogni-
tion and initiation of appropriate therapy is likely the most 
important factor in this observation. Most of the morbidity 
of esophageal perforation occurs as a consequence of infec-
tious mediastinitis, usually from a combination of aerobic 
and anaerobic pathogens.44 Resulting pleural e�usions usu-
ally require drainage since most qualify as empyemas.

Pleural �uid is notable for elevations in salivary amylase 
levels. �e �uid pH is low even if gastric pH is pharmaco-
logically raised. �is suggests that the low pH is the result 
of bacterial metabolism and polymorphonuclear neutrophil 
(PMN) sequestration in the pleural space rather than sec-
ondary to the acidity of gastric contents.45 E�usions can be 
large and either unilateral or bilateral; isolated right-sided 
e�usions are uncommon. Identi�cation of foodstu� particu-
lates within aspirated pleural �uid can also be diagnostically 
helpful.46

Prompt diagnosis is important and associated with 
decreased morbidity and mortality. �e presence of the 
hallmark symptom of chest pain following a history of 
retching or esophageal procedures should trigger evalua-
tion for esophageal rupture. Spontaneous esophageal rup-
ture is o�en associated with a delayed diagnosis compared 
to iatrogenic or trauma-related cases.47 Corticosteroids may 
alter the clinical presentation by preventing fever and chest 
pain.48 An upright chest radiograph may help evaluate for 
the presence of pleural �uid or air in the mediastinum. Plain 
radiographs o�en give hints about the site of esophageal 
perforation but may be normal in up to 12% of cases.49 Le� 
hydropneumothorax is commonly seen with perforation of 
the lower esophagus. Right-sided e�usions usually occur 
a�er perforation of the midesophagus.49 However, contrast-
enhanced swallowing studies may be necessary to detect 
small perforations. An esophagram should initially be 
performed with a water-soluble contrast agent. If negative, 
however, repeat evaluation with barium contrast should be 
pursued as the higher radiodensity of the barium increases 
sensitivity to detect esophageal perforations. In one series of 
suspected esophageal perforation, 15% of perforations were 
missed by a water-soluble contrast agent.50 CT is more sensi-
tive and speci�c for mediastinal �uid collections and medi-
astinal air.51 Furthermore, CT evaluates for other potential 
diagnoses and provides anatomic guidance for therapeutic 
interventions. CT is particularly valuable in cases of trauma 
when there is concern for concurrent damage to surround-
ing structures, including vasculature.
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Small perforations may be treated with antibiotics and 
strict avoidance of oral intake to allow primary closure. If 
pleural �uid is present, complete thoracentesis or chest tube 
drainage should be performed. However, prompt surgical 
intervention is generally considered the principle manage-
ment strategy. Although prospective, randomized data are 
unavailable, retrospective series suggest that resection is 
associated with higher survival rates.52,53 Late presentations 
with mediastinitis or empyema also require more inten-
sive interventions.54 It remains unclear whether surgical 
resection of the involved esophagus is superior to esopha-
geal repair. Surgical debridement, chest drains, esophageal 
wraps with omentum or muscle pedicles, and T-tube drain-
age have also been used.55,56 Some patients who are not sur-
gical candidates due to sepsis or signi�cant comorbidities 
may be treated with endoscopic-covered stent placement, 
percutaneous drainage of large �uid collections, and anti-
biotic therapy.57

Other etiologies can be rare causes of esophageal rup-
ture and need speci�c management. Esophageal carcinoma 
with �stulae may require surgery or stenting,58 strangu-
lated hiatal hernias require surgery, and rare  congenital 
 malformations of the esophagus need targeted therapy. 
Anaerobic  mediastinitis also occurs infrequently a�er pha-
ryngeal perforations or dental procedures.59

Esophageal variceal sclerotherapy is another esopha-
geal-related cause of pleural e�usions. Gastrointestinal 
bleeding from esophageal varices is commonly treated 
with endoscopic sclerotherapy. Commonly used scleros-
ing agents include absolute alcohol and oil-based agents 
such as sodium morrhuate, ethanolamine oleate, and 
sodium tetradecyl. Extravasation of the sclerosant into 
surrounding tissue is thought to provoke an in�am-
matory response and development of a pleural e�u-
sion.60 Alcohol sclerotherapy has been associated with 
pleural  e�usions in 19%–23% of cases61,62 compared to 
 48%–50% with oil-based sclerosants.63,64 It is theorized 
that the di�erence in incidence rates is related to the 
higher absorption of oil-based sclerosants into the circu-
latory system compared to the more severe but localized 
tissue reactions from alcohol. However, these studies are 
relatively small and retrospective, which makes compari-
son of incidence rates problematic. Pleural e�usions are 
usually small and spontaneously resolve within several 
days to weeks. �ey are primarily unilateral with simi-
lar involvement between hemithoraces; occasionally the 
e�usion may be bilateral. Fluid characteristics are con-
sistent with an exudate with greater elevation of lactate 
dehydrogenase rather than protein.64 Patients may also 
present with retrosternal chest pain, dyspnea, and fever. 
Esophageal variceal  sclerotherapy–related pleural e�u-
sions will  spontaneously resolve without intervention. 
However, diagnostic thoracentesis should be considered 
to rule out empyema or esophageal perforation for large 
�uid  collections or persistant e�usions with concurrent 
fever.60

 GASTRIC DISEASES

Abnormalities of the stomach rarely cause e�usions. 
Gastropleural �stulas are uncommon due to the thick-
ness of the diaphragm, but can result from injury or 
trauma to the stomach and diaphragm or secondary to 
various underlying etiologies. Iatrogenic complications 
have been described with endoscopic procedures, naso-
gastric tube insertion, chest tube thoracotomy, and as a 
postsurgical complication from both gastric and nongas-
tric procedures such as splenectomy and lung resection.65 
Gastric wall erosion from abdominal and thoracic infec-
tions, perforated ulcer, malignancy, and chemotherapy 
or radiation therapy may also result in the development 
a �stulous tract. �e greater curvature of the stomach lies 
inferiorly adjacent to the diaphragm and le� thoracic cav-
ity and is the most common site of gastropleural �stulas. 
Intrathoracic gastropleural �stulas may also develop if 
a hiatal hernia is present. Pleural �uid is acidic, discol-
ored, and may contain bacteria or even food particulates. 
Radiographic evidence of oral contrast extravasation 
into the pleural space and endoscopic evaluation are also 
 useful in diagnosing the presence of a gastropleural �s-
tula. Conservative management is usually insu�cient, 
which necessitates surgical intervention. Other gastric 
causes of pleural e�usions are similarly rare. Gastric lym-
phoma may present with a lymphomatous e�usion,66 and 
traumatic rupture of the stomach has been shown to pro-
duce amylase-rich pleural e�usions.67

 DISEASES OF THE SMALL AND LARGE 
INTESTINES

Diseases of the intestines that cause severe hypoproteinemia 
may be associated with the development of a transudative 
pleural e�usion. Clinically, an e�usion rarely presents before 
albumin concentrations are <1.8 g/dL. Such diseases include 
Menetrier’s disease,68 human immunode�ciency virus enter-
opathy, and severe Crohn’s disease. Fistulae between the colon 
and the lung occuring at the splenic �exure of the colon have 
been described as a rare complication of Crohn’s disease.69

DIAPHRAGMATIC DISEASES

Rupture of the diaphragm most commonly results from 
blunt trauma, but may also be caused by penetrating inju-
ries or rarely from iatrogenic causes, congenital defects, 
or occur spontaneously. Herniation of abdominal viscera 
through a diaphragmatic defect predominantly occurs on the 
le� side due to the presence of the liver inferior to the right 
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hemidiaphragm. In a single-center series of 105 patients with 
traumatic diaphragmatic injury, the stomach was the most 
common abdominal organ to herniate into the chest cavity 
followed by the spleen and small intestine.70 Herniation of 
abdominal viscera may occur months or years a�er the trau-
matic development of a diaphragmatic defect. �e diagnosis 
is frequently made with plain radiographs, especially if bowel 
loops are prominent in the thoracic cavity. Imaging with con-
trast agents, CT, and ultrasonography can also be used for bet-
ter evaluation. Ipsilateral pleural e�usions o�en accompany 
diaphragmatic hernias and can occasionally develop into an 
empyema. Strangulated viscera can also present radiographi-
cally with air–�uid levels and an exudative pleural e�usion. 
Surgical intervention is required to prevent ischemic damage 
of herniated organs, resect gangrenous tissue, and repair the 
diaphragmatic defect. However, the surgeon evaluating the 
condition should recognize the potential for other similar dis-
orders, such as Morgagni and Bochdalek hernias.71

Subphrenic abscesses usually develop as complications of 
abdominal surgical procedures, though the incidence of this 
postoperative complication is only about 1%.72 Rarely, a sub-
phrenic abscess may result from trauma, perforation of a vis-
cus, or abdominal processes such as pancreatitis, cholecystitis, 
or diverticulitis.73 �ese abscesses o�en contain mixed bacte-
rial �ora with a prominent anaerobic complement including 
Bacteroides species. Pleural e�usions are highly associated 
with subphrenic abscesses, with some series reporting e�u-
sions in 100% of patients with abscesses in direct contact with 
the diaphragm.74 Pleural �uid is typically a PMN-predominant 
exudate, although empyemas may also occur.

GALLBLADDER DISEASES

Pleural e�usions are a common occurrence with cholecys-
titis and have been found in one-third of patients within 
24 hours following uncomplicated laproscopic cholecys-
tectomy.75 Usually a sympathetic e�usion develops though 
empyemas may occur, especially if complications from bili-
ary obstruction occur.

�oracobiliary and bronchobiliary �stulas allow direct 
communication between the biliary tract with the pleural 
space and bronchial tree, respectively. �ese �stulae are 
almost exclusively right sided and can be quite large with 
the most dramatic presentations revealing gallstones in the 
pleural space76 or expectoration of gallstones.77 �ere are 
a wide variety of underlying causes, which can be broadly 
grouped into biliary obstruction, liver cyst, and abscess, 
traumatic, iatrogenic, or congenital categories. Biliary 
obstruction with resulting formation of a proximal liver 
biloma and abscess along with liver cysts and abscesses can 
directly erode through the diaphragm into the pleural space 
or lung parenchyma.78 Plain radiographs may have air–�uid 
levels in addition to the presence of pleural e�usion and ele-
vated right hemidiaphragm. CT imaging may demonstrate 

transdiaphragmatic extravasation of contrast into the pleu-
ral space. Pleural �uid appears grossly bilious and is neu-
trophil predominant with a �uid-to-serum bilirubin ratio 
greater than 1. Some patients may have very elevated pleural 
bilirubin levels with �uid-to-serum ratios greater than 50.76 
However, animal models suggest that bilirubin is rapidly 
absorbed from the pleural space, which may result in the 
seemingly mild elevations in pleural bilirubin levels seen in 
some patients.79 Supportive treatment includes administra-
tion of somatostatin analogs to decrease gastrointestinal 
secretions, percutaneous drainage to decompress the com-
mon bile duct, and endoscopic interventions to restore bili-
ary �ow. Surgical intervention is still o�en required to drain 
the subphrenic space, resect the �stulous tract, and repair 
the diaphragmatic defect.

HEPATIC DISEASES

Similar to abscesses a�ecting the subphrenic region or vis-
cera in close proximity to the diaphragm, hepatic abscesses 
are also commonly associated with pleural  e�usions. 
Incidence of pyogenic liver abscesses range from 1.1 to 3.6 
per 100,000 people in Canada, Denmark, and the United 
States, with rates as high as 17.6 per 100,000 people in 
Taiwan.80 Review of 17,787 American patients showed 
that less than half of patients have positive blood cultures. 
Escherichia coli and Streptococcus species accounted for 
nearly half of the identi�ed organisms and polymicrobial 
infections were present in 16.3% of cases.80 Klebsiella pneu-
moniae has been implicated in up to 69% of patients in a 
series from Taiwan; however, unlike other causes of pyo-
genic liver abscess, it is o�en not associated with under-
lying hepatobiliary disease and likely represents a unique 
pathogenic process.81 Pleural e�usions are found in approx-
imately 20% of hepatic abscesses and are usually right-sided 
exudates with PMN predominance.82 Antibiotics alone may 
be used to treat very small abscesses, but the mortality asso-
ciated with large abscesses is high without the addition of 
drainage or surgical intervention. Percutaneous aspiration 
or catheter drainage is o�en su�cient for treating abscesses 
<5 cm, but there is a suggestion of improved outcomes with 
surgical drainage for larger abscesses.83,84

Parasitic liver infections can also cause pleural e�usions, 
most notably from Entamoeba histolytica and Echinococcus 
granulosus. Entamoeba histolytica is a common cause 
of intestinal infections in developing countries and the 
amoeba can travel hematogenously to involve extraintesti-
nal sites. �e liver and lungs are the two most commonly 
involved extraintestinal organs; amebic liver abscesses a�ect 
3%–6% of patients and pleuropulmonary complications are 
present in 2%–3% of patients.85 Hematogenous spread usu-
ally �rst involves the liver before preceding to the lungs. 
Independent pulmonary involvement is relatively uncom-
mon. Malnutrition, chronic alcoholism, and le�-to-right 
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shunt from atrial septal defects are thought to be factors pre-
disposing to pleuropulmonary involvement. In�ammation 
from amebic liver abscesses located near the diaphragm can 
trigger development of a sympathetic pleural e�usion, which 
are almost always right-sided. However, liver abscesses can 
also traverse the diaphragm and rupture into the pleural 
space resulting in an empyema as well as possible consoli-
dation, lung abscess formation, or hepatobronchial �stula 
development. Pleural �uid ranges from a serous-appearing 
exudate to the distinctive black “anchovy paste” associ-
ated with rupture of a hepatic abscess. Trophozoite forms 
of Entamoeba histolytica may also be seen on microscopy. 
Treatment with metronidazole is successful in eradicating 
the amoeba in >90% of cases86; however, additional therapy 
with an amebicidal agent to eliminate intraluminal cysts is 
required to prevent reinfection.

Pleural e�usions related to Echinococcus granulosus infec-
tions are usually secondary to rupture of a pulmonary hyda-
tid cyst. However, the liver is the most commonly infected 
organ and transdiaphragmatic rupture of hepatic hydatid 
cysts have been described in 1%–16% of patients with liver 
cysts.87 Only rarely, however, will this result in the develop-
ment of an empyema because of concurrent pleural adhesions. 
Parenchymal consolidation, abscess, or bronchobiliary �stu-
las are more common pleuropulmonary presentations result-
ing from  rupture of a hepatic hydatid cyst. Surgical resection 
is usually required for the removal of the cyst.

Exudative pleural e�usions may be uncommon occur-
rences with viral infections involving the liver. Pleural 

e�usions are a rarely associated with hepatitis B; four cases 
were documented in a series of 2500 patients.88 Hepatitis B 
surface antigen and e-antigen have been detected in pleural 
�uid that is typically lymphocyte predominant.89 Pleural 
e�usions are also rarely seen with other viral hepatitis infec-
tions.90 Hepatic hemorrhage may result from dengue fever,91 
where e�usions are more common in severe disease.92,93 
Pleural e�usions have also been noted in Hantavirus infec-
tions, where severity is correlated with gallbladder wall 
thickness.94 E�usions have been seen with chronic active 
Epstein–Barr virus infections that cause hepatomegaly 
and gallbladder wall thickening.95 Noninfectious causes 
of in�ammatory hepatic e�usions include those following 
transhepatic catheter ablations of hepatomas.96

 GENERALIZED APPROACH TO 
THERAPY

When pleural e�usions are associated with abdominal pain, 
both the thoracic and abdominal cavities should be evalu-
ated. Pleural �uid evaluation begins with thoracentesis and 
amylase levels are o�en elevated with a number of gastro-
intestinal-related pleural e�usions. Although pleural �uid 
amylase was rarely diagnostic in a large series of pleural 
e�usions,97 these studies did not select patients with con-
comitant abdominal disease. �e pleural �uid characteris-
tics of gastrointestinal disorders are shown in Table 32.1.

Table 32.1 Characteristics of common pleural effusions of gastrointestinal origin

Characteristics WBC (per μL) Pleural amylase Comments

Biliopleural fistula PMN-predominant 
exudate

1000–15,000 rarely 
pus

PF = serum PF/serum bilirubin >1 
while fistula is open; 
effusion becomes 
nonspecific exudate 
when fistula closes.

Esophageal rupture Exudative, usually 
with pus or positive 
PF cultures

>10,000 occasionally 
pus

Elevated Morbidity secondary 
to empyema. 
Pneumothorax seen 
in up to 25%. 
Surgical correction 
of esophageal leak 
often needed.

Hepatitis Mononuclear-
predominant 
exudate

<1000 PF = serum Rare, spontaneously 
resolves. Consider 
unusual causes of 
hepatitis if effusion 
is significant in size.

Pancreatitis PMN-predominant 
exudate

1000–50,000 >2× serum Occasionally 
hemorrhagic. No 
specific therapy 
needed. Always 
resolves within 
2 months.
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Characteristics WBC (per μL) Pleural amylase Comments

Pancreatic fistula PMN-predominant 
exudate

<10,000 Often >100,000 ERCP and abdominal 
CT indicated to 
determine site of 
fistula. 
Nasopancreatic 
catheter may allow 
serial fistulograms.

Splenic infarction PMN-predominant 
exudate

<10,000 PF = serum Usually associated 
with pleuritic chest 
pain. Occasionally 
hemorrhagic. 
Spontaneously 
resolves.

Upper abdominal and 
hepatic abscesses

PMN-predominant 
exudate

1000–50,000 
occasionally pus

PF = serum Anchovy paste pleural 
effusion has been 
described with 
amebic abscesses. 
Contrast-enhanced 
CT essential for 
site-specific 
localization of 
pathology.

Abbreviations: CT, computed tomography; ERCP, endoscopic retrograde cholangiopancreatography; IU, international units; PF, pleural fluid; 
PMN, polymorphonuclear neutrophil; WBC, white blood cell count.

�e di�erentiation of �uid collections in the upper 
abdomen, including peritoneal �uid from pleural �uid, 
requires a careful evaluation of the abdominal CT scan. 
One of the best di�erentiations occurs from an evalua-
tion of the �uid interface at the diaphragmatic surface. 
Because of diaphragmatic movement, the interface 
between pleural e�usions and the diaphragm is usually 
a�ected by motion artifact. Alternatively, the interface 
between peritoneal �uid and the spleen is usually sharp.98 
In addition, pleural �uid is usually located posteromedi-
ally in the lower chest, whereas peritoneal �uid is most 
o�en maximal in a posterolateral distribution, lateral to 
the liver and spleen.99

SUMMARY

�e variety of causes of pleural e�usions from gastroin-
testinal sources in the mediastinum and abdomen makes 
recognition of these disorders very di�cult.100 Once 
 recognized, the therapy for each of these diseases usually 
requires specialty consultation from gastroenterologists 
and thoracic or general surgeons. �erapy for pleural e�u-
sions of gastrointestinal origin involves correcting the gas-
trointestinal problem. Although many disorders such as 
splenic infarctions or hepatitis B may be self-limited, others 
require speci�c therapy only recognized a�er establishing 
the correct diagnosis.
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and obstetric conditions
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KEY POINTS

 ● Pleural e�usions occur as a complication of the ovarian hyperstimulation syndrome (OHSS) which occurs in about 3% 
of patients who have undergone induction of superovulation with gonadotropins. �e pleural e�usions are secondary 
to a generalized capillary leak syndrome plus movement of ascitic �uid from the peritoneal cavity to the pleural cavity.

 ● Fetal pleural e�usions that persist cause pulmonary hypoplasia at birth. Fetuses with persistent or recurrent pleural 
e�usions are best managed with intrauterine shunts.

 ● A sizeable fraction of patients have very small pleural e�usions in the immediate postpartum period.
 ● �e presence of a pelvic mass, ascites, and a pleural e�usion does not necessarily indicate disseminated 

 malignancy—Meigs’ syndrome should be considered.
 ● Pleural e�usions at times complicate endometriosis with ascites or endometriosis of the pleura.
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Pleural e�usions can occur with a variety of  gynecological 
and obstetrical conditions. Patients who are pregnant 
can have pleural e�usions from the common causes such 
as pneumonia, viral infections, or pulmonary emboli. 
However, there are a few types of pleural e�usions that are 
speci�c to obstetric and gynecologic conditions, including 
the OHSS, fetal pleural e�usions, and the pleural e�usions 
that occur in the postpartum period.

 OVARIAN HYPERSTIMULATION 
SYNDROME

DEFINITION

�e OHSS is a serious complication of ovulation induction 
with human chorionic gonadotropin (hCG) and occasion-
ally clomiphene. �is syndrome is characterized by ovarian 
enlargement and �uid shi�s resulting in intravascular vol-
ume depletion.1 Severe OHSS is a life-threatening condition 
characterized by clinical and sonographic evidence of mas-
sive ascites or hydrothorax, as well as by breathing di�cul-
ties, increased blood viscosity, renal/hepatic dysfunction, or 
anasarca. Critical OHSS includes, in addition, overt renal 
failure, thromboembolic phenomena, tense ascites, or the 
adult respiratory distress syndrome (ARDS).1

INCIDENCE/EPIDEMIOLOGY

In a review by Levin et al., severe OHSS occurs in approxi-
mately 3% of the 771 women undergoing superovulation 
with gonadotropins.2 In another report the medical records 
of all OHSS patients hospitalized between January 1987 and 
December 1996 in 16 of the 19 tertiary medical centers in 
Israel were reviewed.3 �e authors were able to �nd a total 
of 2902 patients (3305 hospitalizations) with OHSS of whom 
196 (6.7%) had severe and 13 (0.4%) had critical OHSS. In 
this series, 27 of the 209 patients (12.9%) underwent tho-
racentesis,3 while 130 patients were dyspneic and received 
chest radiographs. �irty-eight of the 130 patients (29%) 
had a pleural e�usion.

ETIOLOGY ± PATHOGENESIS

�e exact etiology of the pleural e�usion seen with severe 
OHSS is not known. �ere are two primary components 
to OHSS: (1) enlargement of the ovaries accompanied by 
the formation of follicular, luteal, and hemorrhagic ovar-
ian cysts and edema of the stroma; and (2) an acute shi� 
of �uid out of the intravascular space.2 In patients under-
going ovulation induction, several risk factors have been 
reported to be associated with OHSS. �ese include young 
age (<35  years), asthenic habitus, presence of polycystic 
ovary syndrome, pregnancy resulting from stimulation, 
hCG supplementation, high serum estradiol (>2000 pg/mL), 
and multiple follicles.4,5

At one time, it was thought that the high local concentra-
tions of estrogen in the ovaries associated with OHSS caused 
altered capillary permeability and ascites that, in turn, led 
to the pleural e�usion. �is does not appear to be the com-
plete explanation, however, since the syndrome can still 
be produced in rabbits when the ovaries are exteriorized.6 
�erefore it is likely that systemic factors are also involved 
in the �uid shi�s into the peritoneal and pleural cavity.

Currently the most likely explanation for OHSS is that 
the hyperstimulated ovary produces cytokines or other 
vasoactive substances that enter either the systemic circula-
tion or the peritoneal cavity to produce the syndrome. �e 
two most likely cytokines implicated in the pathogenesis of 
the OHSS are vascular endothelial growth factor (VEGF) 
and interleukin 6 (IL-6).7

VEGF is thought to be the major capillary permeability 
factor leading to ascites with the OHSS. VEGF is a potent 
vasoactive protein with a permeability enhancing capacity 
that is approximately 1000 times greater than that of hista-
mine. hCG upregulates the expression of VEGF in granu-
losa cells from patients with the OHSS, but not in cells from 
control patients.8 Both follicular �uid and peritoneal �uid 
from patients with OHSS induce a signi�cant increase in 
the permeability of endothelial cells in vitro.9 �e addi-
tion of speci�c antibodies to VEGF neutralizes 70% of this 
capillary permeability activity.10 When the VEGF levels are 
measured in follicular �uid, they are found to be 100-fold 
greater than those in the simultaneously obtained serum or 
peritoneal �uid.11 �e levels of VEGF in the ascitic �uid are 
greater than those in the pleural �uid in patients with severe 
OHSS.12

�e levels of IL-6 are also markedly elevated in the fol-
licular �uid, ascites, serum, and pleural �uid of patients 
with severe OHSS.5 IL-6, along with IL-1, IL-8, and TNFα, 
mediates systemic reactions characterized by leukocytosis, 
increased vascular permeability, and increased concentra-
tions of acute phase proteins synthesized by the liver. �e 
levels of these four cytokines are elevated in the pleural �uid 
and in the ascites of patients with severe OHSS.12 In a recent 
study, Chen et al. demonstrated that IL-8 secreted from 
corpora lutea also contributed to endothelial hyperper-
meability. Signi�cant inhibition of this follicular �uid- or 
ascites-induced endothelial permeability in vitro can occur 
with pretreatment with both IL-8 and VEGF neutralizing 
antibodies.13

Currently the site and mechanism of the acute capil-
lary hyperpermeability is not completely understood, but 
in severe OHSS, it is proposed that hyperstimulated ova-
ries cause marked activation of the renin–angiotensin– 
aldosterone system,14,15 leading to hyperpermeability. 
However Balasch et al. proposed marked peripheral arte-
riolar vasodilation as an important cause in circulatory 
and renal dysfunction, leading to activation of endogenous 
neurohormonal vasoactive system.16 �is together with 
hypovolemia induced hemoconcentration result in renal 
vasoconstriction, leading to generalized edema due to 
retention of sodium and water by the renal system.
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In patients with severe OHSS, there are probably two 
main mechanisms responsible for the accumulation of 
pleural �uid.7 In patients with bilateral e�usions, the prob-
able mechanism is a generalized capillary leak syndrome. 
In patients with large right-sided pleural e�usions, the �uid 
probably moves directly from the peritoneal space to the 
pleural space. Support for the second mechanism is pro-
vided by the observations in one case where the pleural �uid 
IL-6 level was more than 300 times higher than the simul-
taneously obtained serum level.17 If �uid moved from the 
intravascular space to the pleural space, one would expect 
that the cytokine levels in the pleural �uid would not be 
higher than those in the serum. However, in another series 
there was not a close correlation between the cytokine levels 
in the pleural �uid and those in the ascitic �uid.12

CLINICAL PRESENTATION

�e symptoms of OHSS usually occur within 4 or 5 days 
a�er egg harvesting. In most cases, especially if pregnancy 
does not occur, symptoms are self-limiting and resolve 
within a few days with appropriate supportive manage-
ment.18 If pregnancy occurs, OHSS tends to be more severe 
and last longer. Women who develop OHSS initially com-
plain of abdominal discomfort and distention, followed by 
nausea, vomiting and diarrhea. If the syndrome worsens, 
the patients develop evidence of ascites and then hydrotho-
rax and/or shortness of breath. �e respiratory symptoms 
develop 7–14 days a�er the injection of the hCG.19 In the 
most severe stages, the patients develop increased blood vis-
cosity due to hemoconcentration, coagulation abnormali-
ties, and reduced renal function.2

Pleural e�usions are commonly right-sided in patients 
with OHSS. In the series of 38 patients reported by Abramov 
et al., the pleural e�usion was right-sided in 20 (53%), le�-
sided in 7 (18%), and bilateral in 11 (29%).3 On rare occa-
sions, a pleural e�usion may be the sole manifestation of 
OHSS.20 �e pleural e�usion may be a signi�cant problem 
in patients with OHSS. In two di�erent patients, 8500 mL21 
and 6800 mL,20 respectively, were drained.

In OHSS, analysis con�rmed an exudative pleural �uid.20 
�e mean pleural �uid protein level from 14 patients was 4.2 
± 3.6 g/dL while the mean plasma protein in these patients 
was only 4.4 g/dL.22 �e level of lactic acid dehydrogenase 
(LDH) is also in the exudative range.19

INVESTIGATIONS

�e diagnosis is usually obvious in the patient with the 
complete syndrome. If the pleural e�usion is the sole mani-
festation, the diagnosis may be missed if a complete history 
is not taken.

TREATMENT/MANAGEMENT

�e treatment of OHSS is primarily supportive. Favorable 
outcomes are associated with early diagnosis. Since patients 

tend to have marked hypoproteinemia and hypovolemia, 
volume replacement is essential. In view of the hypoprotein-
emia, human albumin is frequently administered. However, 
one study of 16 patients demonstrated that 6% hydroxy-
ethylstarch was superior to albumin as a colloid solution 
in the treatment of severe OHSS.23 Patients who received 
the hydroxyethylstarch had higher urine output, needed 
fewer paracentesis and thoracentesis, and had a shorter 
hospitalization.

Currently paracentesis and thoracentesis remain inte-
gral to any treatment plan in severe OHSS. Hospitalization 
is reduced in moderate to severe OHSS when an early out-
patient paracentesis approach is followed.24,25 It is also the 
most cost-e�ective management approach when compared 
with traditional conservative inpatient therapy.26 If the 
patient is short of breath and has a large pleural e�usion, a 
therapeutic thoracentesis is indicated.19 On occasion two or 
three thoracenteses may be necessary for resolution of the 
syndrome.20

Recently a single center cost analysis study suggested 
an alternative approach based on bed rest, dietary sodium 
restriction, plasma volume expansion, and natriuretic 
agents.27 �is was shown to have similar cost to outpatient 
management, with rapid improvement in standard labora-
tory parameters and clinical symptoms.

�e incidence of OHSS can be reduced if the serum estro-
gen levels and the number of ovarian follicles are monitored. 
Injections of hCG should be withheld if the serum estradiol 
levels are very high or if there are more than 15 ovarian 
follicles with a high proportion of small and intermediate-
sized follicles.28 However, there is no universal agreement as 
to what level of estradiol should serve as an indication for 
cessation of the injections.

COMPLICATIONS

�e two most common pulmonary complications (other 
than pleural e�usion) of OHSS are pulmonary throm-
boembolism and pulmonary in�ltrates. Abramov et al. 
reported that 4 of 209 patients (2%) with severe OHSS 
had pulmonary thromboembolism. All presented with 
the acute onset of dyspnea, tachypnea, and tachycardia.3 
�ese same researchers reported that the acute respira-
tory distress syndrome developed in �ve (2.4%) patients. 
However, since all patients had received massive hydra-
tion (mean 5780 mL/24 hours) and all patients responded 
to �uid restriction and diuretics, it is likely that the 
pulmonary in�ltrates were due to hypervolemia rather 
than ARDS.

Although the prognosis of patients with severe OHSS is 
excellent, there have been rare fatal cases, for instance mas-
sive pulmonary edema in a report by Semba et al.29

 FUTURE DIRECTIONS OF DEVELOPMENT

In the future, it is probable that the pathophysiology 
responsible for OHSS, its prevention and treatments will be 
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elucidated. Current studies have demonstrated possibility of 
blocking endothelial permeability induced by both VEGF 
and IL-8 by drug targeting the common VEGFR-2 signals, 
such as dopamine.13

FETAL PLEURAL EFFUSIONS

Pleural e�usions are rare occurrences in neonates. �ey can 
arise from both a congenital (fetal) or acquired cause. By 
de�nition, a fetal pleural e�usion is diagnosed antenatally.

INCIDENCE/EPIDEMIOLOGY

�e incidence is approximately 1 in 5–10,000 deliveries.30 
In a series from Portugal there were 20 cases of fetal pleu-
ral e�usion complicating 112,000 deliveries over an 80-year 
period.31 �e incidence is about twice as high in boys as in 
girls.32 �ere may be a genetic predisposition as there was 
one report of a woman who had three children with fetal 
pleural e�usions.33 Early in pregnancy, the incidence of fetal 
pleural e�usions is much higher, which may be associated 
with a worse prognosis. In one study in which 965 women 
were evaluated with ultrasound between 7 and 10 weeks 
gestation, the incidence was 1.2%,34 with miscarriage 
occurring in 86% of the women. In this series, the karyo-
type was abnormal in 9 of 11 instances (82%) in which it 
was performed.

ETIOLOGY ± PATHOGENESIS

�e pathogenesis is probably multifactorial. It is likely that 
most fetal pleural e�usions are actually chylothoraces. 
Supporting evidences include (1) when the pleural �uid is 
analyzed, it contains predominantly lymphocytes—in one 
case there were primarily T-lymphocytes, while in a second 
case there were both T- and B-lymphocytes35; (2) most con-
genital pleural e�usions are chylothoraces,36 and congenital 
pleural e�usions are probably a continuation of fetal pleu-
ral e�usions. However, there are other rare causes such as 
infection and congenital heart diseases.31 In a recent ret-
rospective review of 21 neonates diagnosed with pleural 
 e�usion, 68% had secondary causes such as parapneumonic 
e�usion/empyema or acquired chylothorax, more com-
mon than primary causes such as congenital chylothorax 
and hydrops fetalis.37 A de�nitive diagnosis of chylotho-
rax cannot be made by pleural �uid analysis for triglycer-
ides or chylomicrons because the fetuses are not ingesting 
any lipids.7 �ere is one report that indicates that a pleural 
�uid/serum gamma globulin level above 0.60 is diagnostic 
of chylothorax.38 �e anatomical cause of fetal chylothorax 
has been recognized in only a few cases.30

A substantial proportion of fetuses with pleural e�u-
sions have other abnormalities. Polyhydramnios occurs in 
approximately 70% of a�ected patients,30 but the relation-
ship between the two conditions is unclear. It has also been 

suggested that the increased intrathoracic pressure with 
fetal pleural e�usion may interfere with normal fetal swal-
lowing.30 One case report found the intrathoracic pressure 
to be 39 mm Hg in one fetus with a large pleural e�usion.39 
�is hypothesis is also supported by the observation that 
there is a lack of dye in the gastrointestinal tract a�er the 
intra-amniotic instillation of Urogra�n.40 Other abnormali-
ties in a review of 82 cases of fetal pleural e�usion included 
cardiac defects (4.9%), Down’s syndrome (4.9%), and poly-
dactyly (1.2%). 

A common presenting feature of these disorders is 
hydrops fetalis, de�ned as abnormal collection of fetal �uid 
in two or more extravascular compartments, including asci-
tes, pleural e�usion, pericardial e�usion, and skin edema.41 
Pleural e�usions are common in infants with hydrops feta-
lis and are usually bilateral. Fetuses with pleural e�usion 
also have a high prevalence of chromosomal abnormalities. 
In one series, the prevalence of chromosomal abnormalities 
was 50% in 152 fetuses with other sonographic abnormali-
ties and 12% in fetuses with isolated pleural e�usion.42

CLINICAL PRESENTATION

�e two most common reasons for ultrasound examination 
when cases of fetal pleural e�usion are detected are polyhy-
dramnios and preterm labor. �e gestational age at the time 
of diagnosis varies between 15 and 39 weeks with a median 
gestational age of about 30 weeks.30 In a 1998 literature 
review, 204 cases of isolated pleural e�usion were found.43 
�e e�usions were bilateral in 74%, unilateral right-sided in 
11% and unilateral le�-sided in 14%. In a di�erent report 
by Ruano et al., bilateral e�usions were more common in 
fetuses with chromosomal or other structural abnormali-
ties.44 Co-occurrence of hydrops was also commonly found.

TREATMENT/MANAGEMENT

�e best way to manage patients with fetal pleural e�u-
sions is controversial.30 Clinically, the e�usions can spon-
taneously resolve, as occurred in 22% of the 89 untreated 
patients in the reported series by Aubard.43 E�usions that 
resolve spontaneously are more likely to be unilateral, the 
diagnosis made early in the second trimester, and are not 
associated with polyhydramnios or hydrops. �e e�usions 
can also gradually increase till development of hydrops and 
polyhydramnios. Large bilateral pleural e�usions can cause 
immediate respiratory distress at birth. Severe progressive 
chronic e�usions can delay lung development, potentially 
leading to pulmonary hypoplasia and neonatal death.30,45 A 
literature review of 204 cases of fetal hydrothoraces showed 
a mortality of 39% in 89 fetuses who received no in utero 
therapy. �e mortality was higher if the fetus had hydrops 
(76%) or if the e�usion was bilateral (47%).43 In a di�erent 
review, hydropic fetuses with pleural e�usion had a 50% 
mortality rate if no thoracoamniotic shunting was per-
formed, and the risk of perinatal death and fetal demise is 
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increased by approximately threefold when an associated 
structural or chromosomal abnormality is identi�ed.44

�erapeutic maneuvers had been attempted in the 
majority of patients. In Aubard’s review 25 of 29 fetuses 
were treated with either one or two thoracenteses and the 
mortality was 45%.43 �e principal drawback of thoracente-
sis is the rapid reaccumulation of the e�usion. �ere is one 
report where the administration of medium chain triglyc-
erides to the mother was thought to slow the reaccumula-
tion.46 However, physiologically this is di�cult to explain 
since the triglycerides ingested by the mother never get into 
the thoracic duct of the fetus.

Pleuroamniotic shunting as described by Rodeck et al.47 
is frequently used to treat fetal pleural e�usions. With 
this technique a metal trocar with cannula is introduced 
through the maternal abdominal wall and through the fetal 
thorax as close as possible to the midaxillary line at the level 
of the base of the scapula. A silicone double pigtail cath-
eter is introduced through the trocar lumen. A short intro-
ducer rod is used to position the distal catheter loop inside 
the fetal thorax. �e trocar is then used to position the 
proximal catheter loop in the amniotic cavity. Positioned 
in this manner, the catheter creates a permanent commu-
nication between the pleural space and the amniotic cav-
ity. In a review of 80 fetuses treated with pleuroamniotic 
shunts, the overall mortality was 26%.43 In 43 fetuses where 
this information was speci�ed, a pleuroamniotic shunt was 
placed bilaterally in 24 and unilaterally in 19 cases. �e 
shunts become displaced within the thorax in a signi�cant 
percentage of fetuses, but since there appears to be no long-
term pulmonary complications, such shunts need not be 
removed.48

In Japan, the same procedure is performed with the use 
of a double-basket catheter instead. In a recent single center 
retrospective review, Miyoshi et al. reported the experience 
of 21 such procedures in 35 cases of fetal chylothorax.49 �e 
double-basket catheters were associated with more obstruc-
tion, but were less invasive for fetuses with potentially fewer 
displacements and removal was not di�cult at birth.

Other interventions advocated include creation of a 
pleurodesis in the fetus by the intrapleural injection of 
the immunostimulant OK-43250,51 or maternal blood.52 
However, since the long-term side e�ects from a pleurodesis 
performed in a fetus remain to be determined, pleurodesis 
is not recommended.

In view of the above the following approach to fetuses 
with a pleural e�usion is recommended. When a fetus with 
hydrothorax develops acute fetal distress, a thoracentesis 
should be performed. At the time of thoracentesis, tests 
such as karyotype, fetal blood count, maternal serology, and 
meticulous ultrasonography are performed in an attempt 
to ascertain if there are other congenital abnormalities. If 
there are abnormalities, then a decision must be made con-
cerning the termination of the pregnancy. If there are no 
abnormalities and hydrops is present, a shunt is placed. 
One report suggested that the presence of a contralateral 
mediastinal shi� and/or diaphragmatic inversion indicated 

that the intrathoracic pressure was high and should be 
 indications for placement of the shunt.39 Otherwise if the 
e�usion is well tolerated, the fetus is treated conservatively 
with a repeat ultrasound scan in 2 weeks. If upon repeat 
ultrasound scan, the e�usion is shown to be enlarging and 
the fetus is less than 32 weeks gestation, a shunt is placed. 
If the fetus is more than 32 weeks gestation a thoracentesis 
is performed. If the e�usion is not enlarging, repeat exami-
nations are performed at 2-week intervals. Any fetus that 
has a signi�cant e�usion just prior to birth is subjected to a 
thoracentesis.43

�e prognosis of fetuses that receive pleuroamniotic 
shunts and who survive appears to be good. �ompson 
et  al. studied 17 infants who had undergone pleuroamni-
otic shunting for a fetal pleural e�usion at a median age of 
12 months. �ey reported that respiratory symptoms and 
function were no di�erent in these 17 infants than those in 
a control group.53

COMPLICATIONS

�e placement of pleuroamniotic shunts is not with-
out complication. Catheter migration occurred 10 times 
in 80  fetuses in one review, but this did not contraindi-
cate the placement of a new shunt. Other complications 
include obstruction of the shunt and migration of the 
catheter into the maternal peritoneal cavity or the fetal 
thoracic cavity.54

 FUTURE DIRECTIONS OF DEVELOPMENT

�ere are two areas for future development in the manage-
ment of fetal pleural e�usions. First, it would be important 
to develop indicators as to which fetuses with hydrothorax 
will progress and which ones will regress. Second, there 
needs to be improvements in the design of the catheters so 
that they are less likely to migrate and less likely to become 
occluded.

 PLEURAL EFFUSIONS DURING 
PREGNANCY

�ere has never been a systematic study on the diseases 
causing pleural e�usion in women that are pregnant.

INCIDENCE/EPIDEMIOLOGY

Pregnant women frequently have small pleural e�usions 
demonstrable by ultrasonography. Kocijancic et al.55 stud-
ied 47 women at a mean gestation of 24.4 weeks. Twenty-
eight women (59.5%) had free pleural �uid that was bilateral 
in 18 (38.3%) and unilateral in 10 (21.2%). �e mean thick-
ness of the pleural �uid was 2.9 ± 1.1 mm and the patients 
were asymptomatic. �e prevalence of demonstrable pleural 
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�uid was 25% in 106 normal individuals studied by the same 
investigators.

ETIOLOGY ± PATHOGENESIS

When a woman develops a symptomatic pleural e�usion 
early in pregnancy, the possibility of the OHSS should be 
considered. �is entity is discussed early in the chapter. �e 
distribution of the diagnoses responsible for pleural e�u-
sions in pregnant women is probably similar to that in non-
pregnant women of the same age.56 Pulmonary embolism is 
probably the leading cause56 as the incidence of pleural e�u-
sions is higher in pregnant than in nonpregnant women.57 
�e second probable leading cause is pneumonia.56 Rare 
case reports of pleural e�usion developing as a complica-
tion of intra-abdominal pathology such as pancreatitis and 
appendicitis have also been published.58,59 In women with 
the HELLP syndrome (hemolysis, elevated liver enzymes, 
and low platelet count) or with severe preeclampsia, the 
prevalence of pleural e�usion is about 3%.60 If a pregnant 
woman has a transudative pleural e�usion, peripartum car-
diomyopathy should be considered.

CLINICAL PRESENTATION AND 
TREATMENT

�e clinical presentation and treatment for pregnant 
patients with pleural e�usions is the same as that for non-
pregnant patients with e�usions of the same etiology.

 POSTPARTUM PLEURAL EFFUSION 
(IMMEDIATE)

�ere are two types of postpartum pleural e�usion. �e 
�rst occurs in the immediate postpartum period and 
this e�usion is small. �e second occurs in the �rst few 
weeks  a�er delivery and is associated with pulmonary 
in�ltrates.

INCIDENCE/EPIDEMIOLOGY

�e reported prevalence of small pleural e�usions in the 
immediate postpartum period has varied from series 
to series. In a retrospective study Hughson and associ-
ates reported that the prevalence of pleural e�usion in 
112 patients who had delivered vaginally and had postero-
anterior and lateral chest radiographs within 24 hours of 
delivery was 46% and the e�usions were bilateral in 75%.61 In 
a prospective study by the same researchers the  prevalence 
of pleural e�usion was 67% in a group of 30 patients and the 
e�usions were bilateral in 55%.61 E�usion was con�rmed 
in seven of the 10 women who had a decubitus radiograph. 
In contrast, Udeshi et al. reported that the prevalence of 
pleural e�usion was only 2% in a series of 50 patients who 
had ultrasonography of the chest.62 �e single patient also 

had severe pre-eclampsia with apparent pulmonary edema. 
A separate report by Wallis et al. who prospectively stud-
ied 34 patients with moderate to severe pre-eclampsia with 
ultrasound found 6 (17.6%) of the patients had a pleural 
e�usion.63 It is unclear why there is a marked discrepancy 
in the prevalence of pleural e�usions in the reported series.

ETIOLOGY ± PATHOGENESIS

�e etiology of the postpartum pleural e�usion is unknown. 
Hughson et al. hypothesized that the following two fac-
tors were contributory. First, the colloid osmotic pressure 
is decreased during pregnancy and this decreased colloid 
osmotic pressure should lead to increased pleural �uid 
 formation. Second, the Valsalva maneuvers typical of the 
second stage of labor could impair lymphatic drainage of 
the pleural space by elevating systemic venous pressure.61 
In the  study by Wallis and associates of patients with mod-
erate to severe pre-eclampsia, the patients with pleural 
e�usion did not have a greater degree of hypertension or 
proteinuria.63

 CLINICAL PRESENTATION AND 
TREATMENT

Patients who develop these small e�usions postpartum are 
asymptomatic and require no treatment.

 POSTPARTUM PLEURAL EFFUSION 
(DELAYED)

Four published cases have described another rare distinct 
type of pleural e�usion that occurs in the �rst few weeks 
postpartum. In these reports, patients typically presented 
with fever, pleural e�usions, and pulmonary in�ltrates. It 
is unclear as to the etiology, but reports have described the 
presence of antiphospholipid antibodies, the lupus antico-
agulant and/or anticardiolipin antibody, without antinu-
clear antibodies.64,65 All of the reported patients reported 
had false-positive tests for syphilis. It is important to 
exclude pulmonary embolism, as the risk is 15 times higher 
in the postpartum period than during pregnancy.57 �e pri-
mary complications are myocarditis with congestive heart 
failure and venous thrombosis. Treatment include consider-
ation of immunosuppressive therapy in those with positive 
antiphospholipid antibodies and careful exclusion of infec-
tion and pulmonary embolus.64

MEIGS’ SYNDROME

When this syndrome was originally described by Meigs 
in 1937, it consisted of the presence of ascites and pleural 
e�usions in patients with benign solid ovarian tumors.66 
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Moreover, the syndrome required that when the ovarian 
tumor was removed, the ascites and the pleural e�usion 
both had to resolve.66 Subsequent to the initial descrip-
tion, it became apparent that a similar syndrome (Pseudo-
Meigs’ syndrome) could occur with benign cystic ovarian 
tumors, benign tumors of the fallopian tube or uterus 
(�bromyomata), ovarian leiomyomas,67 mature teratomas, 
struma ovarii,68 low-grade ovarian malignant tumors 
without evidence of metastases,69 and endometriomas.70 
Although Meigs still prefers to reserve his name for only 
those cases in which the primary neoplasm is a benign 
solid ovarian tumor, we classify any patient with a pelvic 
neoplasm (including low-grade malignant tumors) asso-
ciated with ascites and pleural e�usion in which surgical 
removal of the tumor results in permanent disappearance 
of the ascites and pleural e�usion as having had Meigs’ 
syndrome.7

INCIDENCE/EPIDEMIOLOGY

Meigs’ syndrome is relatively uncommon. Ovarian tumors 
tend to increase in incidence in the third decade of life and 
increase progressively in postmenopausal women, with an 
average of about 50 years.71

ETIOLOGY ± PATHOGENESIS

�e cause of ascites appears to be the secretion of large 
amounts of �uid by the primary tumor. When tumors have 
been resected and placed in dry containers, the secretion of 
large amounts of �uid continues.69 �e size of ascites does 
not in�uence the amount of pleural e�usion that develops.71 
Samanth and Black72 reported that free peritoneal �uid was 
only found with tumors with a diameter greater than 11 cm.

�e pathogenesis of the pleural e�usion appears to be simi-
lar to that in patients with cirrhosis, ascites, and a pleural e�u-
sion. It is proposed that �uid passes from the peritoneal cavity 
into the pleural cavity through small holes in the diaphragm.73 
Supporting evidence includes the following: (1) the ascitic and 
the pleural �uid have similar characteristics, (2)  the pleu-
ral �uid rapidly recurs following thoracentesis, and (3) some 
patients have ovarian tumors and ascites without pleural e�u-
sion. It should be noted, however, that some authors believe 
that the pleural �uid arises from the transdiaphragmatic 
transfer of ascitic �uid by the lymphatic vessels.47,51,54

It appears that the �uid secreted by the tumors into the 
peritoneal cavity has high levels of factors which may increase 
the permeability of vessels in the peritoneal and pleural cavi-
ties and lead to more �uid formation in these body cavities. 
�e serum levels of IL-1, IL-6, IL-8, TNF-alpha, and VEGF 
are all elevated in patients with Meigs’ syndrome compared 
with controls. �e levels of these factors are higher in the 
ascitic and pleural �uid than in the serum.74–76

�e tumors most commonly responsible for Meigs’ syn-
drome (our de�nition) are the ovarian �broma, followed by 
ovarian cysts, thecomas, granulosal cell tumors, and leio-
myomas of the uterus.69

CLINICAL PRESENTATION

Patients with Meigs’ syndrome usually present with a 
chronic illness characterized by weight loss, a pleural e�u-
sion, ascites, and a pelvic mass.69 �e only symptom related 
to the pleural e�usion is shortness of breath. �e ascites 
may not be detectable on physical examination. �e most 
important aspect of Meigs’ syndrome is to realize that not 
all patients who present with this picture have inoperable 
pelvic malignancy. It is also important to realize that some 
patients with Meigs’ syndrome may have an elevated pleural 
�uid CA-125 but this should not be taken as an indication 
of malignancy.77,78

�e pleural e�usion is unilateral right-sided in 70%, 
le�-sided in 10%, and bilateral in 20%.79,96 Although it has 
been stated that the pleural �uid associated with Meigs’ 
syndrome is a transudate,69,80 this conclusion appears to be 
based on the gross appearance of the pleural �uid (clear yel-
low) rather than upon the chemical characteristics of the 
�uid.7 �e pleural �uid with Meigs’ syndrome can meet the 
criteria for an exudate.80–83 �e WBC of the pleural �uid is 
usually less than 1000 cells/mm3. �e pleural �uid is some-
times bloody.

 INVESTIGATIONS AND TREATMENT

Before a female with a pelvic mass, ascites, and a pleural 
e�usion is labeled as having an inoperable malignancy, 
de�nite evidence of malignancy in a body �uid or a biopsy 
specimen should be obtained. If the cytology of the ascitic 
and pleural �uid is negative and there is no other evidence 
of malignancy elsewhere, exploratory laparotomy should 
be considered. If there is no evidence of malignancy, the 
primary neoplasm should be removed. �e diagnosis is 
con�rmed when the ascites and the pleural �uid resolve 
postoperatively and do not recur. �e disappearance of 
these �uids postoperatively usually occurs within 2 weeks,82 
and the serum CA-125 level also returns to normal a�er 
surgery.

 FUTURE DIRECTIONS OF DEVELOPMENT

Additional studies should de�ne the role of various vasoac-
tive substances and cytokines in the pathogenesis of Meigs’ 
syndrome. 

 ENDOMETRIOSIS AND PLEURAL 
EFFUSIONS

On occasion, severe endometriosis is complicated by mas-
sive ascites and a pleural e�usion is present in approxi-
mately 30% of these patients.84
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INCIDENCE/EPIDEMIOLOGY

Pleural e�usions secondary to endometriosis are uncom-
mon. In a review in 2000, only 13 cases were found and all 
were in conjunction with massive ascites.85

ETIOLOGY ± PATHOGENESIS

�e pleural e�usion is thought to be due to �uid �owing 
through small holes in the diaphragm from the peritoneal 
cavity to the pleural cavity.

CLINICAL PRESENTATION

Patients usually present with abdominal pain and disten-
sion, anorexia, and nausea. �e initial presumptive diag-
nosis is frequently malignancy because the patients usually 
have signi�cant weight loss. Many patients also have clinical 
manifestations of endometriosis, such as progressive dys-
menorrhea, and cul-de-sac and uterosacral ligament nodu-
larity. Some patients have exacerbation of their symptoms 
with their menstrual periods.

�e pleural �uid has not been systemically studied, but 
it is usually described as bloody or chocolate-colored.85 
Cytology of the �uid has shown numerous hemosiderin-
laden macrophages with an elevated CA-125.84 �e pleural 
e�usions have been unilateral right-sided in the majority of 
cases.85

INVESTIGATION

�is diagnosis should be considered in any menstruating 
female who develops bloody or chocolate-colored pleural 
�uid. �e diagnosis is usually de�nitively established at the 
time of laparotomy.

TREATMENT/MANAGEMENT

�e treatment of the massive ascites, pleural e�usion, and 
endometriosis is not easy. Hormonal therapy (progesta-
tional agents, danazol, or luprolide acetate) fails in more 
than 50% of cases. Most commonly these patients are treated 
with total abdominal hysterectomy and bilateral salpingo-
oophorectomy, but the presence of the pelvic endometriosis 
makes this surgery di�cult.

 FUTURE DIRECTIONS OF DEVELOPMENT

It is hoped that better treatment modalities will be devel-
oped for this condition, avoiding aggressive surgery.

CATAMENIAL HEMOTHORAX

INCIDENCE/EPIDEMIOLOGY

Catamenial hemothorax is the occurrence of blood col-
lection in pleural space in conjunction with menstrual 
period. It usually occurs within 24–48 hours of onset of 
menstruation and is one of the four main presentations 
of thoracic endometriosis syndrome, which described the 
rare  situation where endometrial tissues are found in the 
thorax.86,87 A review of the literature on catamenial hemo-
thoraces in 1993 revealed a total of 16 cases.88 In another 
review of 110 patients with thoracic endometriosis syn-
drome, 12%–14% of patients presented with hemothorax as 
the main presentation.87,89

ETIOLOGY ± PATHOGENESIS

�e majority of patients with catamenial  hemothoraces have 
associated pelvic and abdominal endometriosis. �e mecha-
nism of how endometrial tissues migrate into  thoracic cavity 
remains unclear. Some authors suggest micro-embolization 
through pelvic veins as a potential cause.87,90 However, the 
right hemothorax is almost always involved and some of the 
patients have diaphragmatic fenestrations. It has since been 
hypothesized that the more likely explanation is movement 
of  endometrial tissue through the diaphragmatic fenestra-
tions and defects.91 When the patient menstruates, then 
the endometrial tissue is shed into the pleural space and a 
 hemothorax ensues.

CLINICAL PRESENTATION

Most patients who present with catamenial hemothorax are 
nulliparous and the average age has been 32 years.88 �e 
patients usually present with dyspnea or chest pain. �e 
right hemithorax is universally involved.88 Endometrial 
tissues implanted into the pleura are more o�en associated 
with hemothorax than with pneumothorax or hemoptysis, 
although catamenial pneumothoraces are more common 
than hemothoraces.

INVESTIGATIONS

�oracentesis reveals a bloody pleural �uid. �is �nding 
in conjunction with the history showing the relationship 
to menstruation and the pelvic endometriosis are usually 
su�cient to establish the diagnosis. A diagnosis of thoracic 
endometriosis generally does not require histopathologic 
documentation of thoracic endometrial tissue. �ere are 
case reports of pleural �uid cytology analysis establishing 
diagnosis.92
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TREATMENT/MANAGEMENT

If the hemothorax is large, the patient should be treated 
with tube thoracostomy. Once the patient is stabilized, 
the recommended �rst-line treatment is hormonal 
manipulation to suppress the ectopic endometrium 
and ovarian estrogen secretion. �is can sometimes be 
achieved by using progestin, danazol, gonadotropin-
releasing hormone analog, or oral contraceptives.87,93 
However, recurrence rate for hemothorax can be higher 
than 50% with hormonal treatment. In such cases where 
hormonal therapy fails or is not tolerated, surgical thera-
pies are recommended. Video-assisted thoracoscopic sur-
gery (VATS) or an open procedure to directly visualize 
the pleura is generally performed in patients with recur-
rent hemothoraces. Important abnormalities to identify 
include visceral or diaphragmatic endometrial implants, 
which can be excised, or diaphragmatic perforations that 
can be ligated.94,95 In patients with refractory symptoms 
despite hormonal therapy and surgery, the treatment 
of choice appears to be total hysterectomy and bilateral 
salpingo-oophorectomy.

 FUTURE DIRECTIONS OF DEVELOPMENT

A better therapy would be one that does not involve total 
hysterectomy and bilateral salpingo-oophorectomy in these 
young patients with refractory disease.
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Other uncommon pleural effusions

CRAIG E. DANIELS AND JAY H. RYU

INTRODUCTION

Most pleural e�usions are encountered in the setting of 
an underlying disorder which is known to cause pleural 
e�usions. �e vast majority of pleural e�usions are due to 
malignancy, heart failure, or infection. Uncommon pleural 
e�usions represent a group of diseases which may be delayed 
in diagnosis due to the infrequency in which they are seen.

Herein, we review uncommon types of pleural e�usions 
encountered in clinical practice which have distinct clinical 
presentation and pleural �uid characteristics—spontaneous 
hemothorax, pseudochylothorax, and urinothorax. We 
also discuss uncommon diseases with well-recognized 
association with pleural e�usions—yellow nail syndrome 
(YNS), lymphangioleiomyomatosis (LAM), and 
amyloidosis. Recognition of these entities is important since 
each is associated distinct pathogenesis and management.

SPONTANEOUS HEMOTHORAX

Hemothorax is commonly encountered and recognized in 
the clinical context of penetrating or blunt trauma or as 

an iatrogenic complication following procedures involving 
the thoracic cavity (e.g., central line, thoracentesis, 
transthoracic biopsy). �ese patients present acutely ill with 
a recognizable mechanism of injury and o�en need acute 
interventional management. Another common clinical 
scenario is the discovery of a bloody pleural e�usion at chest 
drainage. Clinicians must distinguish an exudative pleural 
e�usion contaminated by blood from a true hemothorax. 
Di�erentiating hemothorax from a hemorrhagic e�usion is 
a key initial step in diagnosis and management.

Hemorrhagic pleural e�usions are most o�en caused by 
cancer, pulmonary infarctions, and tuberculous pleuritis 
(Table 34.1).1,2 Spontaneous hemothorax (unrelated to 
trauma or invasive procedures) can result from vascular 
disruption (thoracic aortic dissection, arteriovenous 
malformation), bleeding from pathology within the pleural 
space (cancer, endometriosis), coagulopathies, disruption of 
pleuropulmonary adhesions or blebs (pneumothorax), or 
from parenchymal sources (pulmonary infarction, direct 
extension of tumors).3

Aspiration of bloody �uid from the chest can be caused 
by hemorrhagic pleural e�usion or hemothorax. Visual 
inspection  may not distinguish these two entities, parti-
cularly when a hemorrhagic e�usion has >5% hematocrit. 
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KEY POINTS

 ● Uncommon pleural e�usions may be delayed in diagnosis due to the infrequency in which they are seen.
 ● Acute hemothorax will have a pleural �uid to blood hematocrit ratio >0.5. Subacute hemothoraces may have a 

pleural �uid to blood hematocrit ratio between 0.25 and 0.5.
 ● Yellow nail syndrome is a rare disorder characterized by the triad of yellow and thickened nails, lymphedema, and 

pleural e�usion or other respiratory abnormality.
 ● Pleural e�usion is seen in 20%–40% of patients with lymphangioleiomyomatosis during the course of the disease 

and is usually chylous.



440 Other uncommon pleural effusions

Acute hemothorax will have a pleural �uid to blood 
hematocrit ratio >0.5. Subacute hemothoraces diluted 
through oncotic forces within days of bleeding and may 
have a pleural �uid to blood hematocrit ratio between 
0.25 and 0.5.

Presentation of spontaneous hemothorax may be acute 
with sudden onset of respiratory compromise and/or 
hemodynamic instability or may be subacute with days 
to weeks of nonspeci�c chest symptoms leading to chest 
imaging and discovery of a pleural e�usion. Idiopathic 
hemothorax is very uncommon4 and if no cause hemothorax 
is identi�ed, interventional diagnostic evaluation including 
thoracoscopy or pleuroscopy should be considered.

Acutely ill patients with hemothorax are most 
o�en encountered in the emergency department with 
hemodynamic and respiratory compromise and pleural 
e�usion on chest imaging. As little as 500 mL of acute blood 
loss may lead to hemodynamic instability with variable 
respiratory compromise depending on the individual 
patient’s underlying cardiopulmonary reserve. Since trauma 
is the most common cause of hemothorax, history-taking 
to elicit potential mechanism of injury is imperative. In the 
absence of an identi�ed mechanism, tube thoracostomy 
should be placed to drain the chest, monitor ongoing 
bleeding, and reexpand the lung. Ultrasound imaging 
has reported variable sensitivity and high speci�city for 
hemothorax and is a readily available low-cost diagnostic 
modality.5 However, CT of the chest with contrast provides 
far more diagnostic information in evaluating the lung 
parenchyma, intrathoracic vasculature, and mediastinal 
structures for potential sources of hemothorax.3 A CT of 
the chest with IV contrast is useful to establish diagnosis of 
life-threatening vascular disruption such as thoracic aortic 
dissection and bleeding from arteriovenous malformations. 
Marfan’s syndrome6 and neuro�bromatosis7 are two 
systemic disorders known to be associated with spontaneous 
vascular rupture in the thorax. Early surgical intervention 

is needed for patients who do not stabilize with initial 
resuscitation with or without a diagnosis.

Spontaneous pneumothorax is the most common 
cause of spontaneous hemothorax. Hemopneumothorax 
is de�ned as >400 mL of blood in the thorax associated 
with a spontaneous pneumothorax and occurs in 3% 
to 7% of patients with spontaneous pneumothoraces.8 
Pneumothorax causes hemothorax through disruption 
of vascular adhesions between the parietal and visceral 
pleural surfaces or rupture of vascular parenchymal 
blebs.9,10 Management of spontaneous hemopneumothorax 
begins with tube thoracostomy placement and evacuation 
of blood and air. �ere is no consensus of which patients 
require surgical intervention. Selected patients will 
stabilize with chest tube alone. Surgical indications 
include shock, continued bleeding, or failure of lung 
expansion.10

Neoplastic diseases of the thorax are a common cause of 
spontaneous hemothorax. In the United States, carcinoma 
is the most common cause of hemorrhagic e�usion. 
Hemorrhagic pleural e�usions should be evaluated for 
cytology, hematocrit, and, in the appropriate clinical 
context, infections including TB. Patients with systemic 
anticoagulation or extensive erosive tumors involving 
the pleura will occasionally have a pleural �uid to blood 
hematocrit ratio >0.25. While many tumors have been 
reported to cause hemothorax, lung cancer is an uncommon 
cause of hemothorax but a common cause of hemorrhagic 
pleural e�usions.3 Sarcomas, speci�cally angiosarcomas, 
are rare but commonly metastasize to the thorax and can 
cause hemothorax.11

Coagulopathy as an independent cause of hemothorax 
is very rare and is more commonly is associated with 
hemorrhagic exudative pleural e�usions. Identi�cation 
and reversal of coagulopathy is an important component 
of management of coagulopathy-associated hemothorax. 
Coagulopathy in the clinical setting of anticoagulation 

Table 34.1 Etiology of spontaneous hemothorax

Anatomic source Etiology

Pulmonary parenchyma
Primary or metastatic tumor invasion/necrosis
Pulmonary infarction

Vascular
Aneurysm 
Arteriovenous  malformation

Pleural
Spontaneous hemopneumothorax
Endometriosis
Primary or metastatic cancers

Musculoskeletal
Exostosis

Miscellaneous
Coagulopathy (congenital or acquired)

Source: Adapted from Ali HA et al., Chest, 134, 1056–1065, 2008.
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therapy for pulmonary embolism (PE) can rarely lead to 
hemothorax in the presence of pulmonary infarction.12 
Exudative pleural e�usion is common in PE and will 
o�en appear hemorrhagic. Anticoagulation should not 
be discontinued for hemorrhagic pleural e�usions in the 
setting of PE.

Other rare causes of hemothorax include exostosis 
causing spontaneous erosion of local vascular structures 
due to friction and bleeding. A history of familial exostosis 
and review of bone windows on CT of the chest are helpful 
in con�rming this diagnosis.13 Catamenial hemothorax is 
rare, but is a known complication of thoracic endometriosis 
syndrome with accompanying pelvic endometriosis 
and hemoptysis occurring cyclically associated with 
menstruation.14 Hereditary hemorrhagic telangiectasia 
(HHT) is an uncommon cause of hemothorax. HHT 
usually presents with hemoptysis, and rarely presents 
with hemothorax. �oracic bleeding is reported to be far 
more frequent in pregnancy.15 Initial treatment is with coil 
embolization.16

Acute presentations of spontaneous hemothorax should 
be considered in all patients who present with hemodynamic 
instability and a new pleural e�usion. �e keys to manage-
ment of spontaneous hemothorax are prompt diagnosis, 
hemodynamic stabilization, and de�nitive treatment of the 
underlying cause. Initial management should include reversal 
of coagulopathy, stabilization, tube thoracostomy, and 
consideration of early surgical intervention for patients who 
do not stabilize quickly.

Subacute presentations of spontaneous hemothorax 
should be di�erentiated from bloody pleural e�usions and 
treated based on their underlying cause.

Tube thoracostomy and drainage may not completely 
evacuate the chest and reexpand the lung. Additionally, 
patients with hemothorax may present with chronic 
pleural e�usion which can lead to lung entrapment. 
Surgical intervention is frequently required for de�nitive 
treatment. �oracoscopic surgery is recommended for 
management of hemothorax complicated by retained �uid 
collections, clotted hemothorax, and lung entrapment.17 
More recently, intrapleural �brinolytic therapy has been 
used successfully with low-risk of bleeding complications 
in selected cases.18 It may be considered an adjunct 
or alternate therapy in patients with hemothorax not 
amenable to surgery or incompletely evacuated following 
tube thoracostomy.

PSEUDOCHYLOTHORAX

Pseudochylothorax is a rare form of pleural e�usion and is 
less common than chylothorax (see also Chapter 26). It has 
also been called chyliform or cholesterol pleural e�usion. 
Pseudochylothorax is usually a unilateral process and 
approximately one-third of patients are asymptomatic at 
presentation.19–21 Similar to chylothorax, pseudochylothorax 

is characterized by accumulation of turbid or milky white 
pleural �uid. Despite the similar gross appearance, however, 
these two forms of pleural e�usions have di�erent etiology, 
pathogenesis, and clinical implications.

�e most common etiologies of  pseudochylothorax 
include tuberculous pleurisy, chronic  pneumothorax, chro-
nic rheumatoid pleuritis, and chronic hemothorax.19,20,22–24 
Rarely, pseudochylothorax is seen with pleural paragon-
imiasis, echinococcosis, malignancy, or trauma.19,20,22,24,25

While chylothorax occurs due to leakage of chyle into the 
pleural space, pseudochylothorax is due to the accumulation 
of cholesterol or lecithin–globulin complexes. Typically, the 
pleural �uid cholesterol level will be 200 mg/dL or greater 
while the triglyceride level is less than 110 mg/dL.19,20,26 
Cholesterol crystals may be seen in some of these e�usions 
(see also Chapter 13).

It has been thought that pseudochylothorax is generally 
seen in patients with thickened or calci�ed pleural 
surfaces and chronic exudative pleural e�usions, usually 
of 5-year duration or longer.19,20,26 �e high concentration 
of cholesterol in the pleural �uid was believed to originate 
from degraded erythrocytes and neutrophils that are 
poorly absorbed through thickened pleural surfaces. 
�us,  pseudochylothorax has been considered a form of 
lung entrapment in the setting of chronic in�ammation.19

A recent report, however, argues against the necessity 
of chronic pleuritis and signi�cant pleural thickening in 
the development of pseudochylothorax. Wrightson et al.22 
reported six patients with pseudochylothorax that occurred 
with a short duration of symptoms and in the absence of 
a thickened pleura. Five of these patients had rheumatoid 
arthritis and one had seronegative in�ammatory arthritis. 
�us, pseudochylothorax should be included in the 
di�erential diagnosis for patients with unexplained pleural 
e�usions, even in the absence of a long history or marked 
pleural thickening.

�e diagnosis of pseudochylothorax is established by 
pleural �uid analysis. Pleural �uid in both chylothorax and 
pseudochylothorax can have a turbid or milky appearance 
due to the high lipid content. However, chylomicrons are 
present in chylothorax but not in pseudochylothorax.19,27 
Pleural �uid in pseudochylothorax is a neutrophil-
predominant exudate. Pleural �uid cholesterol level 
is  ≥200  mg/dL while the triglyceride level is usually 
<110 mg/dL. Sometimes, triglyceride level may be elevated 
in pseudochylothorax, but the pleural �uid cholesterol to 
triglyceride ratio is always >1.0.19

In most cases, pseudochylothorax is associated with 
a benign course and no speci�c therapy is required. 
�erapeutic thoracentesis may be needed if the patient 
has increasing pleural e�usion with symptoms resulting 
from mechanical e�ects of the pleural e�usion. In some 
patients, aggressive treatment of the underlying disease 
may lead to control or resolution of pseudochylothorax.22,24 
Decortication and pleurodesis may be attempted in those 
patients with recurrent symptomatic pseudochylothorax 
that is not controlled by nonsurgical means.22,24
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URINOTHORAX

Urinothorax is another rare form of pleural e�usion and ref-
ers to accumulation of urine in the pleural space. Urinothorax 
o�en goes undiagnosed and needs to be considered when 
pleural e�usion occurs in patients with obstructive uropathy. 
Other clinical settings in which urinothorax can be 
encountered include trauma, surgical injury, malignancy of 
the urinary tract, failed tube nephrostomy, lithotripsy, renal 
transplantation, and kidney biopsy.21,28,29

�ere are several possible routes by which urine may enter 
the pleural space.28,30 �e dominant mechanism likely involves 
direct movement of the urine leaked in the abdomen into the 
pleural space via defects in the diaphragm.28 Other possible 
routes are passage of urine into the mediastinum followed by 
rupture into the pleural space. Unilateral obstruction at the 
ureteral or kidney level does not appear to cause urinothorax 
if the function of the contralateral kidney is preserved whereas 
obstruction of both ureters or at the level of the bladder or 
urethra will be associated with urinary leak, ascites formation, 
and urinothorax.28,31

�e onset of urinothorax is usually acute especially 
when following urinary tract injury (Figure 34.1). In most 
cases, urinothorax is unilateral and associated with modest 
symptoms in most patients.28,30

�e appearance and odor of the pleural �uid will be 
consistent with urine. However, the pleural �uid character 
may become modi�ed during its transit and the duration 
of its presence in the pleural space. �us, earlier pleural 
�uid sampling is more likely to reveal the characteristic 
parameters of urinothorax. Pleural �uid in urinothorax is 

usually a transudate with a pleural �uid to serum creatinine 
ratio >1.0. Although the latter criterion has been considered 
the hallmark of urinothorax, it may not be entirely speci�c 
for urinothorax.32 �us, correlation with the clinical context 
is needed in the interpretation of this test result. In addition, 
it should be noted that the pleural �uid lactate dehydrogenase 
(LDH) level can be in the exudative range in some cases of 
urinothorax although the pleural �uid protein level has 
consistently been reported to be very low.28 Renal scintigraphy 
using 99mTc ethylene dicysteine may aid in establishing 
the diagnosis of urinothorax by demonstrating leakage of 
the tracer from the urinary tract into the pleural space.33 
Management of urinothorax involves treating the underlying 
cause of urine leak such as reliving urinary obstruction.

YELLOW NAIL SYNDROME

YNS is a rare disorder characterized by the triad of yellow 
and thickened nails, lymphedema, and pleural e�usion 
or other respiratory abnormality.21,29,34,35 Since the initial 
description by Samman and White in 196436 there have 
been approximately 160 cases reported in the literature.21,34 
Since some of the �ndings in YNS may resolve over time, it 
has been suggested that the presence at any given time of 
two of the triad of manifestations is su�cient to establish 
the diagnosis of YNS.37

�e pathogenesis of this rare syndrome remains 
poorly understood. Various anatomic abnormalities of 
the lymphatic ducts including lymphatic hypoplasia, 
dilatations, and extensive collateral lymphatic network 
have been noted on lymphangiography in patients 
with YNS.21,36,38 Other investigators have noted 
functional lymphatic abnormalities based on results of 
lymphoscintigraphy.39 Histologically, con�icting results 
have been reported with some investigators noting 
dilated lymphatic capillaries in the pleura while others 
have described relatively normal-appearing lymphatic 
vessels.21,35,40 At the present time, functional lymphatic 
disorder rather than structural disease is favored as the 
shared pathogenic mechanism for the development of 
pleural e�usions and lymphedema.21,34

Although few case reports of familial YNS exist, the 
evidence to date suggests that the lymphatic dysfunction 
observed in YNS is an acquired disorder rather than a 
heritable one.34 Environmental exposures and smoking 
do not appear to play a role in the pathogenesis of the 
disease. �e recurrent observation that severe respiratory 
infections predate the development of lymphedema cause 
one to speculate that infections may serve as a trigger to 
overwhelm a dysfunctional lymphatic network and lead to 
manifestations of YNS.

YNS has been described in association with a variety of 
conditions, but most of these associations are suspected to 
be spurious. �ese associations have included malignancies 
including lymphoproliferative disorders, immunode�ciency 

Figure 34.1 Chest radiograph of a 61-year-old woman 
with urinothorax. A new large right-sided pleural 
effusion is present one week after a right percutaneous 
nephrolithotomy.



Lymphangioleiomyomatosis 443

states, connective tissue disorders, endocrinopathies, 
obstructive sleep apnea, Guillain–Barré syndrome, xantho-
granulo matous pyelonephritis, and tuberculosis.34 Several 
cases of antirheumatic drug-induced YNS have been 
reported in patients with rheumatoid arthritis.41

Males and female patients are equally a�ected in 
YNS which typically presents between the fourth and 
sixth decades.34,35 Abnormal nails are the most common 
manifestation described in patients with YNS as the 
diagnosis is hardly ever considered otherwise. Aside from 
the discoloration, nail abnormalities include slow growth, 
thickening, transverse ridging, excessive curvature from 
side to side, uneven pigmentation, diminished lunulae, 
and onycholysis. �e nail �ndings may be variable over 
time. Several authors have reported some improvement 
in the nail abnormalities with better control of the 
respiratory manifestations or decongestive therapy for 
lymphedema.34,35,40,42

Lymphedema is present in the vast majority of patients 
with YNS (80%) and is the presenting symptom in one-third 
of the cases.34,35,43 It is nonpitting and typically involves the 
lower extremities in a symmetric fashion. Lymphedema may 
also occur in the upper extremities, face, and occasionally 
in the peritoneal cavity with ascites.

Respiratory manifestations are diverse.34,35,43 Bronchi-
ectasis and recurrent lower respiratory tract infections are 
present in almost half of the patients. Chronic sinusitis 
is present in 40% of patients.35 Pleural e�usions, usually 
bilateral, are seen in approximately 40% of cases. Pleural 
�uid is typically exudative by the protein criterion but in the 
transudative range by cholesterol and LDH parameters.35,43 
Lymphocytic predominance is generally observed in the 
di�erential cellular analysis. Chylothorax accounts for 30% 
of pleural e�usions seen in patients with YNS.35

�e diagnosis of YNS is made clinically based on the 
presence of characteristic �ndings including abnormal nails, 
lymphedema, and pleural e�usions or other respiratory 
manifestations.34,35 As previously noted, it is generally 
agreed that two of the three manifestations of YNS may 
be su�cient to for the diagnosis in the absence of another 
plausible explanation.34

Most clinical manifestations of YNS are generally 
manageable with supportive measures. �e management 
of pleural e�usions is tailored to the size of the e�usions, 
associated symptoms, and the clinical context. �erapeutic 
thoracenteses may su�ce in controlling symptomatic 
pleural e�usions, with pleurodesis being considered for 
managing recurrent symptomatic e�usions.35 �oracic 
duct ligation is also an option in the treatment of persistent 
chylothorax. Respiratory manifestations of bronchiectasis 
can be controlled with a combination of postural drainage 
and other bronchopulmonary hygiene measures, along with 
judicious use of antimicrobial therapy.

�e nail manifestations eventually improve in the 
majority of patients, o�en without speci�c treatment. �is 
improvement appears to be associated with better control 
of respiratory and lymphatic manifestations. �e use of 

topical steroids or vitamin E has been described though 
the evidence supporting their use remains scarce.34 
Lymphedema tends to persist, though dramatic and 
durable improvements have sometimes been noted with 
decongestive therapy.34,44

Relatively little is known about the natural history of YNS 
but the long-term prognosis appears generally favorable.34,35 
�e largest case series suggests that life expectancy is only 
modestly reduced when compared with that of the general 
population.35 Progression of respiratory manifestations to 
respiratory failure rarely occurs.

LYMPHANGIOLEIOMYOMATOSIS

Pulmonary LAM is a disorder characterized by 
proliferation of abnormal smooth-muscle cells (LAM cells) 
which is associated with progressive cystic changes in the 
lung parenchyma.45,46 LAM may occur sporadically or in 
association with tuberous sclerosis complex, an inheritable 
multiorgan hamartomatosis. Characteristic manifestations 
of LAM include progressive exertional dyspnea and 
recurrent pneumothoraces.

Pleural e�usion is seen in 20%–40% of patients with 
LAM during the course of the disease and is usually 
chylous.45,47,48 Chylothorax in LAM likely results from 
obstruction or disruption of lymphatic vessels or thoracic 
duct by proliferating LAM cells.49–51

Chylothorax in LAM is more o�en unilateral than 
bilateral and does not appear to correlate with the severity of 
parenchymal lung disease (Figure 34.2).47,48 Not all patients 
with chylothorax in LAM require therapeutic intervention. 
Management is tailored to the size and clinical e�ects 
of the chylous pleural e�usion and has included low-fat 
diet, therapeutic thoracentesis, pleurodesis, pleurectomy, 
and thoracic duct ligation.45,47,48 More recently, sirolimus 

Figure 34.2 High-resolution CT of a 28-year-old-woman 
with pulmonary lymphangioleiomyomatosis (LAM) and 
chylothorax. A modest-sized right pleural effusion is 
present along with diffuse cystic changes in both lungs.
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therapy has been shown to be e�ective in reducing the size 
of chylous pleural e�usions.52,53

AMYLOIDOSIS

Amyloidosis refers to systemic or organ-limited diseases that 
result from extracellular deposition of pathologic insoluble 
�brillar protein in tissues. �ere are many di�erent types of 
precursor proteins that can result in formation of amyloid 
deposits.54,55 In developed countries, AL amyloidosis is the 
most common form of systemic amyloidosis where amyloid 
results from accumulation of monoclonal immunoglobulin 
light chains.

�oracic manifestations of amyloidosis are diverse and 
include tracheobronchial disease, parenchymal nodules, 
parenchymal interstitial in�ltrates, lymphadenopathy, and 
pleural e�usion.56–58 �oracic involvement in amyloidosis 
occurs most commonly with systemic AL amyloidosis.

Pleural e�usion is uncommon in patients with 
amyloidosis but can be the presenting manifestation.59–62 
It can result from direct pleural involvement with 
amyloid deposition or heart failure secondary to cardiac 
amyloidosis. Pleural �uid can be exudative or transudative 
and occasionally chylous.60,62

Management of pleural e�usion associated with 
amyloidosis may include diuretic therapy, therapeutic 
thoracentesis, indwelling pleural drainage catheter, 
pleurodesis, as well as treatment of the underlying 
amyloidosis itself.60,62 Low cardiac output and autonomic 
neuropathy may complicate the use of therapeutic 
maneuvers such as diuretic therapy in patients with systemic 
amyloidosis.60,62
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Solitary fibrous tumors of the pleura

MARC DE PERROT AND OLAF MERCIER

KEY POINTS

 ● Solitary �brous tumor of the pleura (SFTP) is a mesenchymal tumor growing along the pleura or within the lung 
parenchyma.

 ● SFTP can be benign or malignant.
 ● Histologic signs of malignancy include high cellularity with crowding and overlapping of nuclei, cellular pleomor-

phism, high mitotic count (>4/10 HPF), necrosis, or stromal/vascular invasion.
 ● Complete en bloc surgical resection is the mainstay of therapy for all benign and malignant SFTP.
 ● Histologic and morphologic characteristics are the principal indicators of outcome.
 ● A staging system combining histologic and morphologic criteria can evaluate the risk of recurrence.

INTRODUCTION

�ere are over 1000 cases of solitary �brous tumors of 
the pleura (SFTP) reported in the literature. Most of them 
are pedunculated masses and harbor benign histologi-
cal  features.1 Although they may be relatively large, these 
tumors are usually treated by simple excision and do not 
recur if their resection is microscopically complete.2 About 
12% of SFTP, however, have malignant behavior and even-
tually lead to death due to local recurrence or metastatic 
disease.3 �e malignant form of SFTP still remains enig-
matic. �e behavior is o�en unpredictable and does not 
always correlate with histological �ndings.1 In addition, in 
some cases, benign SFTP may remain silent for several years 
before degenerating into a malignant type.4

HISTORICAL BACKGROUND

�e �rst report of a primary localized pleural tumor is 
attributed to Wagner5 in 1870. However, it was only in 
1931 that Klemperer and Rabin6 published the �rst accu-
rate pathologic description, and classi�ed mesothelioma 
as either “localized” or “di�use.” Since tissue culture7 and 
ultrastructural analysis8,9 demonstrated the presence of 
epithelial-like cells in localized mesotheliomas, Stout and 
Murray7 in 1942 claimed that localized mesothelioma had a 
mesothelial origin. However, other investigators have shown 
that the mesothelial layer covering the tumor was intact and 
they postulated that the epithelial cells seen could have been 
trapped within growing �brous mesenchymal tumors.8,10 
�e controversy on the origin of these tumors persisted for 
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several decades and is re�ected by the variety of terms given 
to the neoplasm (Table 35.1).

Over the last 20 years, immunohistochemical studies 
have provided strong evidence for a mesenchymal origin 
of these tumors. Indeed, as opposed to the di�use meso-
thelioma-type, localized tumors have been shown to lack 
 expression of cytoplasmic keratins and to express vimen-
tin, a marker of mesenchymal cells.11,12 In addition, some 
authors have recently shown that localized tumors of the 
pleura express CD34.13,14 CD34 is a transmembrane cell sur-
face glycoprotein (originally described as a marker of human 
hematopoietic stem cells) that is ubiquitously observed on 
a novel family of interstitial spindle cells involved in anti-
gen presentation and characterized by slender dendritic 
prolongation of their cytoplasm.15,16 van de Rijn and Rouse 
have described this distinctive group of cells as “dendritic 
interstitial cells” and have raised the possibility that solitary 
�brous tumors seen in the lung and in other sites may origi-
nate from such cells.17

CLINICAL FEATURES

SFTP have been described in all age groups from 5 to 87 
years, but they peak in the sixth and seventh decade of life 
with an even distribution between men and women.1,3,18 
�e majority of benign tumors are small and peduncu-
lated, whereas most malignant SFTP are large and symp-
tomatic.1,4,19,20 Symptoms usually include cough, chest pain, 
and dyspnea (Table 35.2). More rarely, hemoptysis and 

obstructive pneumonitis are observed as a result of airway 
obstruction.1,4

Digital clubbing and hypertrophic pulmonary osteoar-
thropathy (HPO, Pierre-Marie-Bamberg syndrome) have 
been described in up to 20% of patients with either benign 
or malignant SFTP.1,19,21,22 Patients with HPO commonly 
complain of bilateral arthritic symptoms including sti�-
ness of the joints, edema of the ankles, arthralgias, and pain 
along the long bones, especially in the tibias from periosteal 
elevation. HPO can resolve immediately a�er the tumor 
is removed. Digital clubbing usually improves within 2 to 
5 months or sometimes longer a�er removal of the tumor, 
but may reappear with recurrence of the tumor.1,20–23

In less than 5% of the patients, SFTP can also secrete an 
insulin-like growth factor II (IGF II), which causes refrac-
tory hypoglycemia (Doege–Potter syndrome).1,3,24 A high 
serum level of IGF II is typically associated with low levels 
of insulin. Refractory hypoglycemia will disappear within 
3–4 days a�er resection of the tumor.22,23,25,26

RADIOLOGIC FEATURES

Benign and malignant SFTP usually appear as a well-
de�ned, homogeneous, and rounded mass on the initial 
chest radiograph.1,19–21 Rarely, a pleural e�usion is associated 
with malignant SFTP.1,20,21 Although small tumors arising 
from the parietal pleura classically form obtuse angles with 
the chest wall, large or pedunculated SFTP may form acute 
angles and be confused with intrapulmonary masses.27,28 
Pedunculated SFTP have occasionally been reported to be 
moving on successive chest radiographs because of their 
pedunculated attachment in the �ssure of the lung.29,30

Computed tomography (CT) scan usually demonstrates 
a well-delineated, homogeneous, and occasionally lobulated 
mass of so�-tissue attenuation.31 Although no speci�c CT 
features have been described for the diagnosis of SFTP, the 
tumors typically appear in contact with the pleural sur-
face and show displacement or invasion of the surrounding 
structures.20 Heterogeneity may be observed with benign 
and malignant variants of SFTP because of myxoid degener-
ation, hemorrhage, or necrosis (Figure 35.1). Tumors arising 
in an interlobar �ssure may be more di�cult to di�erentiate 
from an intraparenchymal mass, because the lesion appears 
to be surrounded by lung parenchyma.32 Calci�cations may 
be observed in a few tumors, indi�erently of their benign or 
malignant histological features.1,4,20

Magnetic resonance imaging (MRI) has limited use in 
the assessment of pleural disease.33 However, the morphol-
ogy and relationship of large SFTP to adjacent mediastinal 
and major vascular structures may be better appreciated 
with MRI than with CT.34 MRI is helpful in di�erentiating 
the tumor from other structures and in con�rming intratho-
racic localization when the tumor abuts the diaphragm.4,31,35 
Fibrous tissue as seen in both benign and malignant SFTP 
has low signal intensity on T1-weighted images.34,36,37 

Table 35.1 Terms given to solitary fibrous tumors of the 
pleura over the years

Localized mesothelioma
Localized fibrous mesothelioma
Localized fibrous tumors
Solitary fibrous mesothelioma
Fibrous mesothelioma
Pleural fibroma
Submesothelial fibroma
Subserosal fibroma

Table 35.2 Approximate incidence of symptoms

Asymptomatic 60%
Chest pain 18%
Dyspnea 15%
Cough 12%
Weight loss 2%
HPO 2%
Hypoglycemiaa 2%
Fever 1%

Abbreviation: HPO, hypertrophic pulmonary osteoarthropathy.
a Doege–Potter syndrome.
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On  T2-weighted images, however, mature �brous tissue 
containing few cells and abundant collagen stroma has a 
low intensity, whereas malignant �brosis invariably appears 
with high signal intensity because of increased vascular-
ity, edema, and cellularity.34,36,37 Unfortunately, benign 
SFTP can o�en also have areas of high signal intensity on 
T2-weighted images because of intratumoral necrosis or 
myxoid degeneration and thus may not be di�erentiable 
from malignant SFTP.34,38,39

Positron-emission tomography (PET) scan has minimal 
utility in the evaluation of these tumors. Few cases have 
been reported in the literature and the tumor showed no or 
minimal uptake on PET even in the presence of malignant 
tumor.40,41

HISTOPATHOLOGY

Benign and malignant SFTP are widely distributed in the 
chest. Although most of the benign SFTP are small pedun-
culated tumors, the malignant variants are o�en larger than 
10 cm and grow beneath the parietal pleura of the chest wall, 
diaphragm, or mediastinum.1,4,20,42

Macroscopically, benign and malignant tumors appear 
as �rm, smoothly lobulated masses. Most of them are 
encapsulated by a thin, translucent membrane, containing a 
reticulated vascular network. Firm adhesion without signs 
of invasion may be present between visceral and parietal 
pleura at the surface of the tumor. �e cut surface appears 
gray-white to tan with a whorled pattern, and may disclose 
areas of hemorrhage and necrosis.1,43 Hemorrhagic and 
necrotic areas may be present in benign tumors, but they 
usually predominate in the malignant form, most likely 
because of their larger size.1

Microscopically, SFTP are characterized by a  proliferation 
of uniform elongated spindle cells intimately intertwining 
with various amounts of connective tissue. Zones of hyper-
cellularity may alternate with hypocellular or �brous areas 
within the same tumor. Typically, �broblasts and connec-
tive tissue are arranged in a so-called “patternless pattern” 
or “storiform pattern,” characterized by a haphazard distri-
bution of spindle cells and collagen �brils.44,45 Occasionally, 
an increased amount of blood vessels within the tumor 
causes a hemangiopericytoma-like pattern.1,44 More rarely, 
other patterns such as herringbone and neural palisading 
are also observed inside the tumor.1

Histological signs of malignancy include the following:

 1. High mitotic counts de�ned as more than 4 mitoses per 
10 high-power �eld (HPF)

 2. Mild to marked pleomorphism based on nuclear size, 
irregularity, and nuclear prominence

 3. Bundles of high cellularity with crowding and overlap-
ping of nuclei

 4. Presence of necrotic and/or hemorrhagic zones
 5. Stromal and/or vascular invasion

�e presence of occasional large bizarre cells or 
focal high cellularity in the absence of cellular atypia or 
 mitosis is  usually not su�cient to categorize the tumor as 
malignant.1,43,46

�e use of immunohistochemistry has been an 
extremely useful tool to di�erentiate SFTP from 
 mesotheliomas and other sarcomas over the last few 
years. Indeed, SFTP by de�nition is vimentin positive 
and  keratin negative. In addition, CD34 is positive in 
most benign and malignant SFTP, whereas it remains 
negative for most other pulmonary tumors. Occasionally, 
 malignant SFTP may be CD34 negative.13,43 �e expres-
sion of bcl-2 can be a useful marker if CD34 is negative to 
con�rm the diagnosis of SFTP.47,48

Some authors have demonstrated that CD99 and 
 factor XIIIa could be expressed by solitary �brous tumors 
located in the pleura and in other locations.48–51 However, 
in contrast to CD34 and bcl-2, CD99 and factor XIIIa are 
not strongly expressed by SFTP and can also frequently be 
positive with other tumors such as synovial sarcomas or 
neural tumors and, thus, are less speci�c for the diagnosis 
of SFTP.52

MANAGEMENT

Complete en bloc surgical resection is the mainstay of 
therapy for all benign and malignant SFTP. A distance of 
1–2 cm from the tumor is usually recommended to have 
adequate margins. Although pedunculated tumors can be 
safely resected with a wedge resection of the lung, large 
sessile tumors can be di�cult to resect because of exten-
sive adhesions and may occasionally require a lobectomy 

Figure 35.1 Magnetic resonance imaging  showing a 
large solitary fibrous tumor of the pleura situated on the 
left hemidiaphragm with heterogenous zones due to 
hemorrhage and necrosis of the tumor.
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or a pneumonectomy to achieve complete resection.53–55 
Frozen section can be helpful to demonstrate that the 
resection margins are free of tumors, but are not routinely 
required.

Tumors adherent to the parietal pleura require an 
extrapleural dissection.22,53 Concomitant chest wall resec-
tion can be necessary if the tumor densely adheres to or 
invades the chest wall.19 In 3% or less of the cases, the tumor 
can be “inverted” and grow inside the lung parenchyma 
(Figure  35.2).56,57 �ese tumors o�en require a lobectomy 
or a sleeve lobectomy.43,53,58,59 In our experience in Toronto, 
a sleeve lobectomy was required in one case for a solitary 
�brous tumor growing from the le� lower lobe bronchus 
inside the le� main bronchus. Interestingly, the tumor was 
growing without invading the main bronchus and could be 
simply pulled back from the main bronchus.52

�oracoscopic approaches can be safely used to remove 
small pedunculated tumors located on the visceral 
pleura.53,60 Some authors have also recommended the assis-
tance of a video camera (video-assisted thoracoscopic sur-
gery [VATS]) to obtain more precise view of the resection 
margins in some large broad-based tumors of the parietal 
pleura.53 Extreme caution should be taken to avoid contact 
between the tumor and the thoracoscopic sites, since con-
tact metastasis and local recurrence at the port sites have 
been reported.53,54

ADJUVANT THERAPY

�e role of adjuvant therapy in SFTP has not been systemat-
ically explored because of the limited number of patients.61 
However, evidence suggests that radiotherapy and chemo-
therapy could be bene�cial in some patients. Suter et al.19 
have reported one patient who is alive with no evidence of 
disease more than 20 years a�er subtotal resection of the 
tumor followed by radiotherapy, and Veronesi et al.62 have 
observed signi�cant reduction of an inoperable recurrent 
SFTP with Ifosfamide and Adriamycine. Although neoad-
juvant therapy could be helpful in large malignant tumors, 
its use is limited by the di�culty to obtain a precise preop-
erative diagnosis even with an open biopsy.62 Currently, we 
would recommend the administration of adjuvant therapy 
a�er resection of malignant sessile tumors, in particular if 
they are recurrent.

Additional therapies such as brachytherapy and photo-
dynamic therapy have been developed for malignant meso-
thelioma and could be applied for other pleural tumors. 
However, their use in SFTP has rarely been reported and 
their utility remains unproven.61,63

PROGNOSIS

Morphological and histological parameters are important 
predictors of outcome.64 In 1981, Briselli et al.3 presented 
eight new cases and reviewed 360 cases from the litera-
ture. Twelve percent of the tumors followed a malignant 
course and led to death. �e authors observed that the 
growth  pattern of the tumor was more important for prog-
nosis than the histological characteristics. More recently, 
England et al.1 reported 223 cases from the �les of the 
Armed Forces Institute of Pathology, of which 82 were 
described as  histologically malignant. Although none of the 
patients with a histologically benign disease died, 55% of 
those with a malignant form died because of recurrences 
and/or  metastases. �e authors observed that among the 
malignant variants, complete resection was the single most 
important predictor of outcome.

To stratify the risk of recurrence, we developed a stag-
ing system a�er reviewing all publications with adequate 
 follow-up for patients with a diagnosis of SFTP proven by 
histology and immunohistochemistry.52 Among a total of 
185 reported cases, 35 (19%) presented with recurrence and 
16 of them died (Table 35.3). Of the 35 patients who presented 
with recurrent tumor, 27 had a primary sessile tumor with 
histological sign of malignancy, whereas �ve  presented with 
a primary sessile histologically benign tumor and two with a 
primary pedunculated histologically malignant tumor. One 
patient with a pedunculated histologically benign tumor 
presented a recurrence (or a new primary tumor) and died 
10 years a�er the initial resection.43

*

Figure 35.2 Solitary fibrous tumor growing inside 
the lung parenchyma and located at the bifurcation 
between the segmental bronchi of the right upper lobe 
(*). A lobectomy was required to remove this tumor. 
Histologic evaluation demonstrated a benign solitary 
fibrous tumor of the pleura. The risk of recurrence of 
benign intraparenchymal tumors is estimated to be 
approximately 8%.
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A staging system was thus proposed based on the risk 
of recurrence (Table 35.4). �e risk of recurrence was 
the highest in patients with malignant sessile tumors 
 (estimated to be approximately 63%) and this type of 
SFTP was classi�ed as stage III. Patients with malignant 
 pedunculated tumor were found to have a 14% risk of 
recurrence and were classi�ed as stage II. Patients with 
benign sessile tumor had an 8% risk of recurrence and 
were classi�ed as stage I. Patients presenting with benign 
pedunculated tumor were found to have a risk of recur-
rence of less than 2% and were considered as benign, 
therefore classi�ed as stage 0.

Tumors larger than 10 cm can have a worse prognosis 
than smaller tumors.65–68 However, the worse prognosis is 
generally related to the higher frequency of malignant his-
tological characteristics present in these large tumors and 
to the higher rate of incomplete resection in this group of 
patients, particularly if the tumor is originating from the 
parietal pleura.68,69 In our review of the literature,52 we 
observed that all patients with a histologically benign tumor 
larger than 10 cm that was completely resected had a good 
clinical outcome, whereas 16 out of the 28 tumors larger 
than 10 cm with malignant characteristics were associated 
with recurrence.

�e staging system we described had been validated by 
three large studies including 68, 88, and 157 patients with 
SFTP.67,70,71 Schirosi et al.70 observed that this staging sys-
tem signi�cantly correlated with the size and site of origin 

of the tumor as well as the pleomorphism, mitotic rate, 
 cellularity, and p53 expression of the tumors. �e authors 
also con�rmed the prognostic value of this staging system 
with a 5-year disease-free survival of 100% in stage 0/I, 
80% in stage II, 40% in stage III, and 0% in stage IV.70 In a 
multicenter cohort of patients, Bylicki et al.71 observed that 
recurrence rate a�er surgery was 3%, 52%, 71%, and 75% 
(p < .001) and median time to progression was 107, 70, 29, 
and 11 months (p = .006) for stage 0/I, II, III, IV tumors, 
respectively. Hence, these studies con�rmed the role of this 
staging system to decide on the type of follow-up and the 
possibility of adjuvant therapy.

More recently, some authors have proposed a risk strati-
�cation model based on clinical and pathological vari-
ables.72,73 Tapias et al.73 proposed to include all pathological 
variables and to add the size of the tumor, the type of pleura 
involved, and the morphology of the tumor to determine the 
risk of recurrence. Tumor larger than 10 cm and involvement 
of the parietal pleura carried a higher risk of recurrence in 
their experience.73 �e authors constructed a predictive 
score of recurrence by assigning one point to each of the 
six variables: parietal pleura origin, sessile  morphology, size 
greater or equal to 10 cm, the presence of hypercellularity, 
necrosis, and/or mitotic activity >4/HPF (Table 35.5). Using 
3 points as a cut o�, the scoring system yielded a sensitiv-
ity of 100% and a speci�city of 92% for tumor recurrence. 
�is new risk strati�cation model will need to be validated 
in other cohort studies.

Table 35.3 Summary of recent publications on solitary fibrous tumors of pleura

•Malignant sessile Malignant 
pedunculated

Benign sessile Benign 
pedunculated

Total number of 
patients

•43 •15 •62 •65

Number of patients 
without recurrence

•16 (37%) •13 (86%) •57 (92%) •64 (98%)

Number of patients 
with recurrence

•27 (63%) •2 (14%) •5 (8%) •1 (2%)

Number of death 
related to the tumor

•13 (30%) •1 (7%) •1 (2%) •1 (2%)

Source: Adapted from de Perrot M, Ann Thorac Surg, 74, 285–293, 2002.
Note: Includes all series reporting adequate follow-up for patients with a diagnosis of SFTP proven by histology and immunohistochemistry.

Table 35.4 Staging system of solitary fibrous tumors of the pleura

Stage Estimated risk of recurrence

Stage 0 Pedunculated tumor without histological signs of malignancya <2%
Stage I Sessile or inverted tumor without histological signs of malignancya 8%
Stage II Pedunculated tumor with histological signs of malignancya 14%
Stage III Sessile or inverted tumor with histological signs of malignancya 63%
Stage IV Multiple synchronous metastatic tumors >95%

a Malignancy is recognized by the presence of the following features: (1) high cellularity with crowding and overlapping of nuclei, cellular 
 pleomorphism; and (2) high mitotic count (>4/10 HPF), necrosis, or stromal/vascular invasion.
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Interestingly, several authors have observed that bio-
logic parameters could potentially have a prognostic 
role in SFTP.43,70,73 For instance, tumors with high Ki67 
expression or high p53 expression were at higher risk of 
recurrence. Yokoi and colleagues observed that malig-
nant SFTP strongly expressed p53 while benign tumors 
did not, and Schirosi and colleagues demonstrated that 
high p53 expression was signi�cantly associated with all 
clinicopathologic factors related to malignant behavior of 
SFTP. Hence, in the future, the assessment of the risk of 
tumor recurrence a�er surgical resection may be re�ned 
with biologic parameters.

FOLLOW-UP

Recurrence a�er surgical resection is most o�en located in 
the same hemithorax and has been reported up to 17 years 
a�er resection.21 Intrathoracic recurrence may be fatal 
because of mediastinal compression and inferior vena cava 
obstruction.3,74 Metastases if present are usually blood-borne 
and located, by order of frequency, in the liver, central ner-
vous system, spleen, peritoneum, adrenal gland,  gastroin-
testinal tract, kidney, and bone.1

�e risk of recurrence is high a�er resection of malig-
nant sessile SFTP. However, most of the recurrences are 
initially located inside the pleural cavity and distant metas-
tasis seems to be a late event in the evolution of the disease. 
Recurrences are o�en associated with a progression in the 
degree of malignancy.19,43 �e majority of recurrences a�er 
resection of malignant sessile tumors occurs within the 
�rst 24 months a�er the initial resection. Hence, half-yearly 

radiologic control with chest x-ray or CT scan during the 
initial 2 years a�er the resection and yearly therea�er seems 
warranted and may help to reduce the mortality from 
malignant SFTP. In case of recurrence, aggressive surgical 
resection remains the treatment of choice and may lead to 
long-term survival.20 Adjuvant therapy should be consid-
ered if the tumor appears histologically malignant.

CONCLUSIONS

SFTP is a mesenchymal tumor that has been increasingly 
recognized over the past few years. �e tumor was initially 
described in the pleura, but has been reported in many 
other sites lately. Although the majority of these tumors 
have a benign course, the malignant form still remains 
enigmatic. �eir behavior is o�en unpredictable and does 
not always correlate with histological �ndings. In addition, 
benign tumors may remain silent for several years before 
degenerating into a malignant form. Complete en bloc sur-
gical resection is the mainstay of therapy for all benign and 
malignant SFTP. Histologic and morphologic characteris-
tics are the principal indicator of clinical outcome.

 FUTURE DIRECTIONS OF 
DEVELOPMENT

Better understanding of the molecular mechanisms lead-
ing to the malignant form of solitary �brous tumors will 
be important in the future. �is may help to develop novel 
targeted therapy for patient at risk of recurrence or with 
advanced disease.
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36
Undiagnosed pleural effusions

A. CHRISTINE ARGENTO AND MOMEN M. WAHIDI

 INTRODUCTION

Of the approximately 1.5 million pleural e�usions diag-
nosed each year in the United States, approximately 178,000 
 thoracenteses are performed to collect pleural �uid either  
to establish the cause or to provide symptomatic bene�t.1

Light’s criteria are used to help di�erentiate transudative 
from exudative pleural e�usions to narrow the di�erential 
as to the etiology of the �uid.2 History and physical exami-
nation as well as ancillary testing such as echocardiograms, 
radiographic imaging, and blood work for the majority of 
patients will be enough to elucidate a speci�c cause of the 
e�usion. In approximately 15% of patients, however, the 
underlying diagnosis remains unclear.3 In other chapters 
of this book, you will read about causes of pleural e�u-
sions both common and infrequent with descriptions of 
 standard and advanced diagnostic testing to assist with 
diagnosis. An undiagnosed pleural e�usion is de�ned as 
an  e�usion without an established diagnosis despite history 

and physical examination in conjunction with radiographic 
data, ancillary testing, and pleural �uid analysis. A method 
for approaching these pleural e�usions of unclear etiology 
is the basis for this chapter.

HISTORY

In patients with undiagnosed pleural e�usions, it is advis-
able to review a careful history to obtain insight into 
 uncommon causes of e�usions or common e�usions pre-
senting in an unusual fashion.

If the pleural �uid is transudative by Light’s criteria, 
 consider questioning with respect to congestive heart  failure 
(CHF) such as orthopnea, paroxysmal nocturnal dyspnea, 
and lower extremity edema.

Other common causes of transudative e�usions that 
can present with nonspeci�c signs and symptoms include 

KEY POINTS

 ● A focused but thorough history and physical examination needs to be performed in every patient with a pleural 
e�usion.

 ● Use size, duration, imaging characteristics, and color of pleural �uid to narrow the di�erential diagnosis.
 ● Additional pleural �uid testing is worthwhile in speci�c circumstances.
 ● When the above has been done and the etiology of the pleural e�usion remains unclear, consider watchful waiting 

with radiographic follow-up, repeat thoracentesis, or pleural biopsy as the next diagnostic step.
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renal or liver failure, a history of alcoholism, illicit drug use, 
imaging with intravenous contrast, changes in skin color-
ation, and recent illness speci�cally with hospitalization 
should be sought. Trauma or surgery could also indicate 
renal or liver injury.

Finally, any previous history of pleural disease or e�u-
sions as well as infection or thoracic surgeries should be 
inquired about which could indicate trapped lung. Trapped 
lung refers to a chronic pleural e�usion associated with an 
inability of the lung to fully expand a�er drainage associ-
ated with visceral pleural restriction in the absence of active 
pleural disease. �is is typically the result of a remote exu-
dative process following which a transudative e�usion �lls 
the pleural space a�er resolution of the acute process.4

If the e�usion is exudative, a detailed history with respect 
to malignancy such as unintentional weight loss, night 
sweats, anorexia, and personal or family history should be 
obtained.

Infection can present with either overt or vague symp-
toms. Pleuritic chest pain, productive cough, fevers, and 
chills are most common with acute infection, although leth-
argy, weight loss, and anorexia can indicate a more chronic 
or indolent pathogen.

Asbestos exposure, particularly a remote but signi�cant 
history, can indicate benign asbestos pleural e�usion (BAPE).

If there are rheumatologic symptoms present, systemic 
lupus erythematosus (SLE, including drug-induced SLE) 
and rheumatoid arthritis (RA) should be considered.

Inquiries with respect to prior infections such as fungus, 
parasites, or tuberculosis (TB) are important as these can 
persist or form chronic lipid e�usions such as chylothorax 
and pseudochylothorax.

Exposure to certain drugs is also a risk factor for 
 development of pleural e�usions. �e most common drugs 
associated with pleural e�usions are dantrolene, bromocrip-
tine, amiodarone, nitrofurantoin, phenytoin, methotrexate, 
penicillamine, mitomycin, practolol, procarbazine, mesala-
mine, isotretinoin, and cyclophosphamide, although many 
more have been described.5 A useful online resource for 
drug toxicity is pneumotox (www.pneumotox.com), which 
provides speci�cs about drug toxicities to the lungs and 
their associated radiographic patterns and symptoms.6

A �nal cause to consider is pulmonary embolism (PE) 
whereby you should ask about common risk factors such as 
recent surgery or trauma, inactivity, smoking, or a bleeding 
diathesis. Although these e�usions can be transudative or 
exudative, the vast majority are exudative.7–9

See Table 36.1 with some causes of pleural e�usions both 
common and rare with clues to diagnosis.

PHYSICAL EXAMINATION

In any patient with an undiagnosed pleural e�usion, it is 
worthwhile to repeat a careful physical examination.

If the patient has a transudative pleural e�usion, signs 
of CHF such as basilar rales, an S3 gallop, distended neck 
veins, and dependent edema should be sought. Distant 
heart sounds, a pericardial friction rub, or Kussmaul’s sign 
suggests pericardial disease.

If the patient has an exudative e�usion, a careful search 
for lymphadenopathy or other masses that would suggest 
malignancy is indicated. In women, a careful breast and 
pelvic examination should also be performed.

Ascites, caput medusa, or an abdominal �uid wave 
will indicate liver disease. Abdominal tenderness suggests 
an intra-abdominal abscess or pancreatic-pleural �stula. 
Ascites with a pelvic mass suggest Meigs syndrome.

Deformed joints and subcutaneous nodules indicate RA. 
Arthritis and a malar or discoid rash would point toward 
SLE. �e presence of yellow nails con�rms yellow nail 
syndrome.

In both transudative and exudative e�usions there are 
causes of lower extremity or pedal edema. �e presence of 
pedal edema is suggestive of volume overload, low albumin 
state, or lymphatic dysfunction, which can be seen in CHF, 
pericardial disease, cirrhosis, nephrotic syndrome, and 
 yellow nail syndrome.

 DURATION OF PLEURAL EFFUSION

Although sometimes unknown, the length of time a person 
has had a pleural e�usion and the time an e�usion takes to 
resolve either spontaneously or with treatment can help to 
further narrow the di�erential diagnosis. �e following are 
a few entities causing pleural e�usion that follow a consis-
tent time-course.

Parapneumonic e�usions, if uncomplicated, will resolve 
with the pneumonia over the course of a few weeks.10

Pulmonary embolism can cause an e�usion that rarely 
persists for more than 1 month. A typical time course 
is for the e�usion to peak at 72 hours and resolve within 
7–10  days when radiographic infarction is not present or 
within 2–3 weeks if infarction is apparent.11

BAPE will o�en be present for 2–6 months.12–14

Tuberculous pleural e�usions resolve over 1–4 months 
independent of treatment with antituberculosis medications.15

Finally, e�usions secondary to yellow nail syndrome 
and  trapped lung are persistent for a very prolonged 
period.15–17

SIZE AND LATERALITY

Similarly to length of time with an e�usion, the size and 
laterality of �uid can help to narrow your di�erential 
diagnosis.
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Table 36.1 Pleural effusions that are difficult to diagnose and clues to each diagnosis

Transudate Trapped lung Prior inflammatory process of the pleura with long-standing effusion.
Electrical burns Extensive burns to body.
Urinothorax Smell of ammonia, fluid has creatinine level > serum creatinine. May also have 

low glucose and pH.
Constrictive pericarditis Bilateral effusions with normal heart size.
Peritoneal dialysis Pleural fluid glucose will be similar to dialysate.
Myxedema Abnormal thyroid function tests.
Cerebral spinal fluid 

(CSF leak)
Trauma or surgery.

Radiation exposure Cancer treated with radiation.
Exudate Meigs syndrome Ascites and pleural effusion.

Yellow nail syndrome Yellow nails, edema, and pleural effusion that is a discordant exudate (by 
protein only).

BAPE Significant exposure to asbestos, long-standing pleural effusion that is small.
Post-CABG/PCIS Cardiothoracic surgery up to 1 year postoperative.
Post-surgicala Recent surgery.
Uremia Elevated  blood urea nitrogen (BUN)/creatinine.
Chylous Lymphadenopathy, recent trauma, surgery, or malignancy; TG >110 mg/dL, 

chylomicrons, cholesterol 60–200 mg/dL.
Pseudochylous Long-standing effusion, history of TB or RA. Cholesterol >250 mg/dL, 

cholesterol crystals.
Lymphoma Diffuse lymphadenopathy.
PE Shortness of breath out of proportion to imaging findings.
Sarcoidosis Lymphocyte-predominant, African-American female.
Milk of calcium On CT double contour: lateral contour was the margin of the milk of calcium 

and the medial contour was the margin of the thickened visceral pleural 
facing the lung.40

Rupture of esophagus pH range 5–6.8, presence of food particles or squamous cells, pleural fluid 
amylase is elevated.

Pancreatic-pleural 
fistula

Pancreatitis, elevated pleural amylase levels.

Abdominal abscessb History of recent abdominal surgery.
AIDS Parapneumonic or tuberculous effusion in a patient with risk factors for HIV.
TB Exposure to or risk factors for TB. Weight loss, cough, hemoptysis, night sweats, 

lymphadenopathy, and upper-lobe predominant pulmonary disease. Pleural 
fluid ADA >40 and AFB stain positive.

Collagen-vascular 
Disease (RA/SLE/
MCTD)

Arthritis, nodules, rashes/skin changes. Bilateral effusions in the setting of 
Raynaud’s phenomena or a suggestive autoimmune serology panel. RA is 
associated with glucose ≤30 mg/dL and LDH ≥1000 IU/L. Lupus associated 
with lupus erythematosis (LE) cells.

Ovarian 
hyperstimulation 
syndrome

Large, unilateral effusion 7–14 days following ovulation induction with 
gonadotropins.

Occult malignancy Subtle signs of weight loss, anorexia, history of malignancy, or family history of 
malignancy.

Iatrogenicc Recent insertion of central line or nasogastric tube, prescription drug use.
Drugsd Peripheral and pleural fluid eosinophilia. Effusion resolves with discontinuation.

a Including lung transplant, bone marrow transplant, and abdominal surgery.
b Sub-phrenic abscess, pancreatic pseudocyst, liver abscess, pancreatic abscess or in association with inflammatory bowel disease.
c SVC perforated by TLC, NG tube placement, translumbar aortography, mammoplasty.
d  Drugs (hydralazine, phenytoin, chlorpromazine, nitrofurantoin, dantrolene, methysergide, bromocriptine, procarbazine, methotrexate, and 

practolol).
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Small e�usions involve less than one-third of the hemi-
thorax and can be seen with PE, BAPE, infection, and post 
cardiac injury syndrome (PCIS), which usually follows 
coronary artery bypass gra�ing and other cardiac surger-
ies. Drug reactions also typically cause a small to moderate 
pleural e�usion.

Moderate e�usions comprise greater than one-third and 
up to half of the hemithorax. E�usions of this size are seen 
secondary to CHF, renal failure, and infection.

Large pleural e�usions constitute greater than half of a 
hemithorax and are most commonly seen with malignancy 
and hepatic hydrothorax.

Unilateral e�usions are seen in patients with a focal 
problem such as PE, hepatic hydrothorax, infection, hemo-
thorax, and PCIS.

Bilateral e�usions are the result of systemic disorders 
and are most o�en caused by a combination of etiologies 
including CHF, renal failure, low-protein state, volume 
overload, and malignancy.18

IMAGING

ULTRASOUND

In addition to con�rming an e�usion, it may be possible 
to distinguish between a transudative and exudative e�u-
sion. �e internal echogenicity of pleural e�usions can be 
anechoic (non-complex) or echoic (complex), and non-
septated or septated. Transudates are always anechoic, 
whereas an anechoic e�usion can either be a transudate or 
an exudate. Pleural e�usions that are echoic are always exu-
dates. Septations are associated with complex and exudative 
e�usions.19,20

Homogeneous, echoic e�usions on ultrasound are 
mostly caused by a hemorrhagic e�usion or an empyema. 
�ickened pleura, a pleural nodule, or an associated paren-
chymal lesion detected adjacent to consolidated lung are 
also indicative of an exudate.20

If there is a nodule or mass seen on the diaphragm or 
pleural surface, then malignancy is highly suspected.

COMPUTERIZED TOMOGRAPHY

�e presence of pleural enhancement on contrast-enhanced 
CT enables the identi�cation of exudative e�usions from 
transudates. �ere may be additional features on the CT 
scan, such as pleural thickening, nodules, or disease else-
where, that enable further characterization as to the cause 
of the e�usion.21,22

As with other causes of exudative e�usions, pleural 
enhancement is seen in patients with malignant e�usions. 
�is is commonly nodular or irregular, or has a pleural 
thickness of >1 cm. Using these criteria for assessment, 

 contrast-enhanced CT has been shown to have a sensitiv-
ity of >80% and to be highly speci�c in the evaluation of 
patients with suspected malignant e�usions.21,23–25

MAGNETIC RESONANCE IMAGING

Although not commonly performed, it is possible to distin-
guish a chylothorax from other causes of a pleural e�usion 
on magnetic resonance imaging because of its fatty con-
tent. On a T1-weighted image, the chyle is bright and on a 
T2-weighted image the fatty component shows signal inten-
sity similar to subcutaneous fat.26

 COLOR/APPEARANCE OF PLEURAL 
FLUID

Although many believe that you cannot rely on pleural �uid 
appearance to determine the etiology of a pleural e�usion,27 
these parameters can sometimes be suggestive of a particu-
lar diagnosis.28

Pale yellow is the normal color of pleural �uid. �is will 
be a typical appearance of transudative or paucicellular 
exudative �uid.

Yellow-green is o�en used to describe the appearance of 
a rheumatoid e�usion.

Dark green is indicative of a biliopleural �stula.
White or cream-colored pleural �uid is o�en seen with 

empyema, chylous, and pseudochylous e�usions. To dis-
tinguish between a lipid e�usion and an empyema, one can 
centrifuge the pleural �uid. If the supernatant clears, the 
�uid is an empyema. If the supernatant remains white this 
is consistent with a lipid e�usion.

Cloudy �uid o�en occurs with either infection or 
malignancy.

Bloody �uid is seen in malignancy, BAPE, PCIS, PE, and 
with hemothorax.

Brown �uid, sometimes described as anchovy paste, has 
been described with amebic liver abscess rupture or with 
long-standing (previously bloody) e�usions.

Black �uid can be associated with Aspergillus niger 
infection.

ADDITIONAL TESTING

A trend in pleural �uid lactate dehydrogenase (LDH) level 
may in�uence the extent of the diagnostic pursuit of a pleu-
ral e�usion; if the LDH decreases with time, then the pleural 
process is resolving, and observation is the best approach. 
Alternatively, if the LDH level is increasing with time, the 
process is getting worse and one should be aggressive in 
pursuing a diagnosis.1
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Transudates are sometimes misclassi�ed as exudates 
when a patient has been taking diuretics. �ese e�usions 
can be classi�ed correctly if the di�erence or gradient 
between the albumin or protein level in the serum and 
the pleural  �uid is measured. If this gradient is greater 
than 1.2 or 3.1 g/dL, respectively, the exudative classi�-
cation by Light’s criteria can be ignored, because almost 
all such patients have a transudative pleural e�usion.29,30 
Although either the albumin or the protein gradient can 
be used, the albumin gradient has been shown to be more 
accurate.31

�e albumin or protein gradients alone should not be 
used to separate transudates from exudates because, by 
themselves they misidentify exudates as transudates30,32; 
rather, they are reserved for occasions when the clinician is 
suspicious that a transudative e�usion has been misclassi-
�ed by Light’s criteria.

Pleural �uid carcinoembryonic antigen (CEA) has 
a high (59%–85%) diagnostic accuracy in diagnosing a 
 carcinomatous pleural e�usion, particularly lung and 
 gastrointestinal adenocarcinomas.33,34

Regardless of the color, if there is an exudative  e�usion, 
triglycerides and cholesterol can be tested to look for 
a  chylous and pseudochylous e�usion, as the “satin-
like sheen” and creamy white color of these e�usions 
are based  on  fat   content that is contingent on dietary 
consumption.

If the patient has any risk factors for TB, a �uid 
 adenosine deaminase (ADA) should be performed and 
 levels 40–60 U/L are highly suggestive if empyema and RA 
have been ruled out.

Newer biomarkers that can be used to determine the 
cause underlying a pleural e�usion include N-terminal pro 
brain natriuretic peptide (NT-pro-BNP), procalcitonin, 
mesothelin, and osteopontin.

NT-pro-BNP is a neurohormone secreted in response 
to mechanical stress and is elevated in patients with CHF 
despite aggressive management with diuretics.35,36

Procalcitonin is a marker of severe systemic bacterial 
infection and can be used to distinguish between bacte-
rial  and viral pneumonias. Both serum and pleural �uid 
levels correlate with severity of pneumonia.37

Finally, mesothelin, �bulin-3, and osteopontin are 
 glycoproteins that are overexpressed by mesothelioma cells 
and released into pleural �uid. �ey are more  sensitive than 
cytology for diagnosis of mesothelioma (71% vs. 20%).38

NEXT STEPS

When an extensive history, physical examination, and 
ancillary testing as described above have been com-
pleted, and a speci�c etiology for pleural �uid accumu-
lation is still elusive, there are four options: watchful 
waiting with  radiographic follow-up, repeated thora-
centesis,  pleural biopsy (either via closed-needle biopsy, 

image-guided biopsy medical thoracoscopy, or video-
assisted  thoracoscopic surgery [VATS]) and bronchos-
copy. See Figure 36.1 for a  diagnostic  algorithm for pleural 
e�usion diagnosis.

Repeated thoracentesis can be performed if the  e�usion 
is slow to reaccumulate and the patient is minimally 
symptomatic.

Closed-needle pleural biopsies can be a useful and 
minimally invasive approach to diagnose di�use  pleural 
diseases such as TB or mesothelioma; however, many 
pleural disease processes are o�en discontinuous and 
may be missed  without visual guidance. In the case of 
an  undiagnosed  pleural e�usion whereby TB and meso-
thelioma are lower on the list of di�erential diagnosis, 
either  medical  thoracoscopy or VATS pleural biopsy is 
indicated.

A randomized controlled study was performed evalu-
ating 58 patients who had exudative pleural e�usions of 
unknown etiology that subsequently underwent either 
medical thoracoscopy or closed pleural biopsy with an 
Abrahm’s needle. In this study, medical thoracoscopy 
had a diagnostic yield of 86.2% and a complication rate of 
10.3%. Conversely, closed needle biopsy had a diagnostic 
yield of 62.1% and a complication rate of 17.2%.41

To obtain a guided pleural biopsy, one can per-
form an image-guided biopsy, medical thoracoscopy, 
or VATS. Image-guided biopsy can be performed under 
 ultrasound guidance by the chest physician or the radi-
ologist if there are pleural masses or nodules that are 
visible by  ultrasound. CT-guided biopsies are gener-
ally performed by radiologists and can target thickened 
pleura with a high yield in malignancy. Medical thora-
coscopy is performed either in a procedural suite under 
moderate sedation or can be performed in the operating 
room with general  anesthesia. Typically a single incision 
is made, which allows for a rigid or semi-rigid pleuros-
cope to be  introduced and biopsies of the parietal pleura 
to be obtained. Wang et al. have reported a pilot study 
of using auto�uorescence during medical thoracoscopy. 
Auto�uorescence revealed additional malignant lesions, 
which were missed under white light in 5/37 (13.5%) 
patients. �e authors conclude that auto�uorescence has a 
high sensitivity and NPV and thus may be a useful adjunct 
to detect microlesions and delineate pathologic margins 
given improved visualization.42 VATS requires the patient 
to be placed under general anesthesia in the operating 
room with active de�ation of the lung via double-lumen 
endotracheal tube. Two to three incisions are made for 
access to the pleural space and both  parietal and visceral 
pleura can be inspected and biopsied. �e VATS approach 
is preferred when there is a multi-loculated  e�usion or 
a thickened and organized pleural space. �e diagnostic 
yield of both medical thoracoscopy and VATS approaches 
100% when  malignancy is highly suspected.43

Bronchoscopy can be performed if a pulmonary 
 disease, such as pneumonia, sarcoidosis, TB, or cancer, 
is  suspected to cause the pleural e�usion and the  pleural 
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Figure 36.1 Diagnostic algorithm for approaching pleural effusions. (Adapted from Porcel JM and Light RW, Dis Mon 
59(2), 29–57, 2013.)
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�uid results are not de�nitive. Bronchoscopy can be 
 particularly  helpful if airway obstruction is resulting in 
atelectasis and a  sympathetic e�usion.44

Most commonly, undiagnosed pleural e�usions will 
show nonspeci�c pleuritis on pleural biopsy. �e  majority 
will follow a benign course without a speci�c diagnosis 
determined though 8%–12% will eventually be found to 
have a malignancy such as mesothelioma. Patients with a 
persistently undiagnosed pleural e�usion should  therefore 
continue to be followed as a diagnosis of  malignancy may 
be established.45–47
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KEY POINTS

 ● �e main signi�cance of circumscribed pleural plaques is that they are indicators of past asbestos exposure. �ey 
cause minor impairment of lung function that is unlikely to have clinical signi�cance.

 ● Di�use pleural thickening involves the visceral and parietal pleura and may thereby cause signi�cant impairment 
of lung function and give rise to exertional breathlessness.

 ● Benign asbestos pleural e�usion is an exudative e�usion which follows asbestos exposure but which has no speci�c 
diagnostic features and is therefore a diagnosis of exclusion. Benign asbestos pleural e�usion may be recurrent and 
might be a precursor to di�use pleural thickening.

Introduction 464
Cirmumscribed pleural plaques 465

Etiology and pathogenesis 466
Imaging 466
Clinical aspects 467

Diffuse pleural thickening 467
Etiology and pathogenesis 467
Imaging 468
Pulmonary function 468
Clinical aspects 468

Benign asbestos pleural effusion 468
Imaging 468
Clinical aspects 468

Rounded atelectasis 469
Etiology and pathology 469
Clinical aspects 469

Future directions 469
References 469

INTRODUCTION

“Asbestos” is a term used for a number of �brous silicates 
with particular properties, which occur in deposits large 
enough to be of commercial interest. �us, the origin of 
the term is geologic as well as commercial. �ere are other 
�brous minerals, which have some similar biological e�ects, 
particularly tremolite (a noncommercial amphibole), erion-
ite (a �brous silicate found in volcanic rock and implicated 
in mesothelioma and pulmonary �brosis in Turkey), Libby 
amphibole (an amphibole which is similar to crocidolite 
and contaminates vermiculite deposits in Montana, USA),1 

and wollastonite (a silicate used in ceramics).2 Most (>90%) 
of the world’s production of asbestos has been of chryso-
tile, which is of the serpentine group of minerals. �e 

remainder of production has been of crocidolite, amosite, 
and  anthophyllite, which are amphiboles minerals.3

Asbestos �bers are generally strong, easily separable 
(splitting longitudinally rather than transversely), long and 
thin (aspect ratio >3:1), �exible, and heat and �re resistant. 
Although chrysotile �bers tend to be feathery and curved, 
the amphiboles are straight and thin, straight and also more 
durable. Crocidolite has very long thin, straight �bers, antho-
phyllite has the thickest �bers, and amosite �bers are of 
intermediate dimensions. �e amphiboles also di�er in their 
chemical composition and the properties of these same min-
erals obtained from di�erent places are also slightly di�erent.2

Variability in the biological activity of these four main 
types of asbestos appears to be determined more by physi-
cal shape and durability than by chemical properties. �e 
entry of (�brous) particles into the gas-exchanging regions 
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of the lungs from where they may gain access to the pleura is 
determined by their aerodynamic diameter as they “line up” 
with the laminar �ow of the inspired air so that penetra-
tion is much less determined by their length than by their 
physical diameter. �e conducting airways have an e�cient 
mucociliary transport process. However, when the �bers 
penetrate beyond the conducting airways, their removal is 
dependent on cellular clearance, which is much slower. �e 
longer the �bers, the less amenable they are to phagocytosis 
and transport up to the mucociliary escalator of the con-
ducting  airways or into the lymphatics of the interstitium 
and pleura. Also, the more durable the �bers, the less likely 
they are to be digested defense cells within the airspace. �e 
more persistent they are within the tissues, the more in�am-
mation they appear to incite (and also the more carcinogenic 
they appear to be). �us, of all the forms of asbestos, crocido-
lite, Libby amphibole4 and erinonite are the most toxic to the 
pleura and the lungs.5

All varieties of asbestos may be responsible for the 
various manifestations of benign pleural disease.6 Some 
 studies suggest di�erent �ber types may induce di�erent 
e�ects. Hillerdal et al.7,8 have shown that subjects exposed 
to  crocidolite (or erionite) are more likely to have di�use 
pleural thickening (DPT) and benign asbestos pleural e�u-
sion (BAPE) than those exposed to Finnish anthophyllite, in 
whom circumscribed plaques are relatively more common. 
�e same study also con�rmed that the greatest increase 
in risk for malignant mesothelioma follows exposure to 
 crocidolite. Interpretation of the data becomes more di�-
cult when considering that much of the commercial chryso-
tile has been contaminated with amphiboles (particularly 
with tremolite), so it has been di�cult to determine which 
particular �bers are responsible for the diseases seen. Also, 
most manufacturing plants using asbestos have used di�er-
ent varieties at di�erent times depending on market con-
ditions, thereby contributing to confusion in attributing 
cause. Man-made mineral �bers now widely used as asbes-
tos substitutes have not been implicated in pleural diseases.9

Solitary �brous tumor of the pleura, previously called 
benign �brous mesothelioma, is not related to asbestos 
exposure and is not further considered here (see Chapter 35, 
“Solitary �brous tumors of the pleura”).

�e benign pleural e�ects of exposure to asbestos can be 
classi�ed into the following:

 ● Circumscribed pleural plaque (CPP)
 ● Di�use pleural thickening (DPT)
 ● Benign asbestos pleural e�usion (BAPE)
 ● Rounded (or rolled) atelectasis

 CIRMUMSCRIBED PLEURAL PLAQUES

CPPs are discrete areas of hyaline or calci�ed  pleural 
�brosis,  which are nearly always bilateral and local-
ized to the parietal pleura of the chest wall, diaphragm, 

or mediastinum. �ey may also occur in the interlobular 
 �ssures.10 Pleural plaques that occur on the visceral pleura 
are o�en associated with abnormality in the underlying 
lung with interstitial �brotic lines radiating out and giving 
rise to the term “hairy plaques.”11

Pleural plaques are the most common manifestation 
of asbestos exposure, especially in subjects with previ-
ous environmental or household exposure. �ey mainly 
occur posteriorly and laterally following the contours of 
the eighth to tenth ribs and rarely in the apices or costo-
phrenic angles.12 �e distribution of pleural plaques in the 
general population is related to the frequency of opportu-
nities for asbestos exposure and age.13,14 Plain X-ray stud-
ies underestimate the frequency of plaques by orders of 
magnitude: more sensitive radiographic techniques (such 
as computed  tomography [CT] scanning), as well as surgi-
cal and postmortem studies, show them to be much more 
frequent.15

Pleural plaques are more common in subjects with 
increasing time since �rst exposure, greater cumulative 
exposure, higher intensity of exposure to asbestos, and with 
higher asbestos �ber counts in lung tissue (i.e., they are 
dose related).16–20 Also, plaques are more common in people 
living in urban than in rural areas21 and in those closer to 
naturally occurring asbestos.22 Tobacco smoking does not 
appear to in�uence the occurrence of pleural plaques.

�e natural history of CPPs following amphibole expo-
sure is that they become visible on plain chest X-rays within 
the �rst 10 years following initial exposure to but do not 
subsequently progress in size/extent.23–25 However, they may 
become more easily seen on radiographs due to increasing 
calci�cation24,25 with a median time to calci�cation seen on 
chest radiograph of 17.5 years a�er �rst exposure in ver-
miculite workers (contaminated with Libby amphibole).23 
Initially, the calci�cation is punctate but becomes more 
dense with time.

A number of small studies have demonstrated a statisti-
cal relationship between the presence of pleural plaque and 
adjusted risk of malignant mesothelioma.26–28 �is includes 
a report using pleural plaques identi�ed on CT,29 rather 
than plain chest radiograph, which is more sensitive to the 
presence of plaques. Nevertheless, the largest of study to 
date (with 76 cases of mesothelioma) examining residents 
of the former crocidolite mining town of Wittenoom in 
Western Australia failed to demonstrate an increased risk 
of malignant pleural mesothelioma in subjects with pleural 
plaques a�er adjustment for exposure indices.30 However, 
the same study did demonstrate a statistical relationship 
with increased risk of peritoneal mesothelioma. Similarly, 
a recent report describes a statistical relationship between 
the presence of pleural plaque identi�ed on CT and mortal-
ity from lung cancer. However, in this report lung cancer 
cases were identi�ed using death certi�cates (which in some 
cases may be unreliable) and case numbers (36) were mod-
est. Further investigation of this association with reliable 
case ascertainment and adequate adjustment for carcinogen 
exposure is required.31
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Talc and kaolin exposure may also cause pleural 
plaques although with talc this may be a result of asbestos 
contamination.

ETIOLOGY AND PATHOGENESIS

It is widely accepted that circumscribed plaques form as a 
direct result of the presence of asbestos �bers inciting an 
in�ammatory response in the parietal pleura. It is hypoth-
esized that this is possibly as a result of �bers protruding 
from the visceral pleural surface causing mechanical irrita-
tion during the movement of the lung during  respiration.32 
However, pathological data have not demonstrated �bers 
projecting from the visceral pleura, or even that �bers are 
long enough to be anchored in the visceral pleura for this 
process to occur. It has also been suggested that �bers reach 
the pleural space by a transpleural route and enter the pari-
etal pleura through (hypothetical) stomata in the pleural sur-
face or by retrograde drainage from intercostal lymphatics.32

CPPs characteristically appear macroscopically as shin-
ing white elevations with sharp borders on the parietal 
pleura, most commonly on the mid-lower zones of the 
costal pleura, the dome of the diaphragm, and the medi-
astinal (including the pericardial) pleura. �ey are usually 
multiple, up to several centimeters across, and tend to lie 
parallel to the ribs. Microscopically, they consist of dense 
sparsely cellular (hyaline) �brous tissue covered with nor-
mal mesothelium. Asbestos �bers are rarely found within 
the plaques with light microscopy, but small �bers may be 
seen occasionally with electron microscopy.33 Calci�cation 
is seen microscopically quite early but radiologically only 
later in the natural history of CPP.23,33

A deletion polymorphism (i.e., null) of the GSTM1 gene 
has been shown to be associated with increased thickness of 
pleural plaques.34 �is same gene has previously been pro-
posed as a risk factor for asbestos-related parenchymal dis-
ease (i.e., asbestosis).35 �e glutathione S-transferases family 
(of which GSTM1 is a member) are enzymes involved in the 
conjugation of glutathione with products of oxidative stress 
and electrophilic compounds. �us, it is plausible that a lack 
of such functional enzymes contributes to an accumulation of 
oxidative agents and, in turn, tissue injury. �e GSTM1 “null” 
allele has been demonstrated to be present in variable frequen-
cies dependent on ethnicity36 and this may in part account 
for the apparent wide variation in susceptibility to develop-
ment of pleural plaques and other asbestos-related diseases, 
although it is likely that other genetic factors also contribute.

IMAGING

�e standard plain posteroanterior chest radiograph is still 
the most common means benign asbestos–induced pleu-
ral diseases are identi�ed (Figure 37.1). Lateral and oblique 
views increase the likelihood of �nding abnormality but are 
rarely carried out due to the availability and utility of CT of 
the chest. Calci�cation within pleural plaques is more read-
ily and elegantly demonstrated by CT (Figure 37.2). When 
compared with autopsy or thoracotomy, only about 15% 

of CPP are diagnosed by the radiologist on plain �lms.37 
If of su�cient thickness, noncalci�ed plaques may be seen 
face-on on the plain �lm as faint, sharply delineated rela-
tively homogeneous shadows/in�ltrates. �e International 
Labour Organization’s Classi�cation of Radiographs for the 
Pneumoconioses38 includes a systematic means of record-
ing the presence of benign asbestos-induced pleural dis-
eases, which is most useful for epidemiological purposes. 
However, it does include a convenient de�nition of the 

Figure 37.1 Standard plain chest X-ray demonstrating 
bilateral midzone circumscribed pleural plaques, which 
are  calcified. There are also calcified plaques overlying 
both hemidiaphragms.

Figure 37.2 Chest computed tomography (CT) showing 
extensive pleural plaques with calcification.
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extent of thickening of the pleura constituting a plaque as 
opposed to di�use thickening, thereby serving as a useful 
arbitrary guide for descriptive purposes.

Circumscribed smooth noncalci�ed pleural shadowing 
bilaterally and mainly in the midzones on the lateral chest 
walls is likely to be due to subpleural fat as it is seen more 
commonly in subjects with high body mass indices.39 �is 
does not of itself usually warrant further investigation, 
although CT will demonstrate that the density of the shad-
owing is that of fat. Healed rib fractures, metastases in the 
chest wall, and myeloma deposits need to be considered 
in the di�erential diagnosis of CPP. So�-tissue shadowing 
from the serratus anterior muscle and “companion shad-
ows” (thin lines parallel to the upper ribs) also need to be 
recognized. Visceral pleural plaques in the interlobar �s-
sures need to be di�erentiated from pulmonary neoplasms.

Magnetic resonance imaging (MRI) of patients with pleu-
ral plaques demonstrates low signal intensity on both unen-
hanced, enhanced T1-weighted, and proton density and 
T2-weighted images. �is contrasts with malignant meso-
thelioma, which shows high signal intensity on the proton 
density and T2-weighted images and inhomogeneous con-
trast enhancement in the postcontrast T1-weighted images.

CLINICAL ASPECTS

CPPs are most commonly found incidentally when plain 
chest X-ray or chest CT is performed for some other rea-
son. Plaques are frequently asymptomatic, although there 
may be an association with chest pain with up to 53% of 
subjects with CPP reporting pain in a retrospective series,40 
although this is inconsistent with other observations.41 If 
pain is present, it may have the characteristics of angina.42 
Attribution of chest pain to pleural plaques should be by 
careful exclusion of other possible causes.

Pleural plaques are statistically associated with minor 
changes in lung function, with population studies demon-
strating a small e�ect on lung volumes (total lung capacity 
and vital capacity).17,30,42,43–47 CPP alone are not considered 
to be disabling, thus, other explanations for breathless-
ness should be sought in dyspneic subjects with plaques. 
�e presence of plaques does not entitle a person to work-
ers’ compensation for disablement, although the presence 
of plaques constitute an independent indicator of previous 
asbestos exposure in individuals with di�use interstitial 
lung disease, pleural e�usion, or lung cancer.48

Pleural rubs are sometimes heard in subjects with CPP 
or with DPT. �e rubs may be palpable. �ey are o�en eva-
nescent but may be recurrent for months and sometimes 
years.

�ere are no speci�c management issues relating to CPP 
beyond the recognition of their signi�cance as indicators of 
asbestos or occasionally talc exposure in the past.49 �eir 
presence therefore assists in attributing other abnormalities 
such as interstitial lung disease or pleural e�usion to past 
asbestos exposure. It is important to recognize, however, 
that the absence of plaques does not exclude asbestos as the 
agent responsible for other abnormalities of interest.

DIFFUSE PLEURAL THICKENING

DPT is a condition of more extensive, active, and  progressive 
pleural �brosis, which involves both the visceral and 
parietal pleura. It may follow a benign asbestos pleural 
 e�usion. Calci�cation may also occur in longstanding DPT 
(Figure 37.3). It is less speci�c for asbestos exposure because 
any cause of an exudative e�usion (notably empyema and 
hemothorax) may also cause it.6 It is o�en associated with 
transpulmonary bands of �brosis.

DPT appears more closely related to amphibole than 
chrysotile exposure.7 It is especially common in Libby 
amphibole-exposed vermiculite workers, when it is fre-
quently accompanied by chest pain.4 In asbestos cement 
workers, DPT is more common in those more heavily 
exposed and also increases in incidence with increas-
ing time since �rst exposure.50 No consistent relationship 
between smoking status and DPT has been demonstrated.

ETIOLOGY AND PATHOGENESIS

Many cases of DPT appear to follow BAPE with a 
 retrospective study from the United Kingdom report-
ing that 40% of subjects with DPT had BAPE prior.51 It is 
thought that this is the most likely in�ammatory pathway 
for all cases.32,51

Figure 37.3 Standard plain chest X-ray showing 
 predominantly right-sided diffuse pleural thickening with 
characteristic loss of the right costophrenic angle and 
 calcification over the right hemidiaphragm. There are 
some pleural plaques particularly in the left upper zone.
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Pleural �brosis (hyaline or di�use) appears to  resemble 
�brosis in other tissues with excessive  deposition of matrix 
components and destruction of  normal  architecture.52 
Complex interactions have been  demonstrated between res-
ident and imported in�ammatory cells,  mediators, coagu-
lant and �brinolytic  pathways, and so on.

IMAGING

�e primary aim of imaging DPT is di�erentiation from 
primary or secondary malignancy of the pleura, especially 
malignant mesothelioma. CT of the chest is the most prac-
tical and widely utilized, although improvements in spa-
tial resolution and the use of dynamic contrast perfusion 
measurements continue to demonstrate the utility of MRI 
in di�erentiation of benign from malignant disease.53,54 
�e sensitivity, speci�city, and diagnostic accuracy of MRI 
in classifying a lesion as suggestive of malignancy in one 
study55 were 100%, 95%, and 95%, respectively. However, 
these modalities have little to o�er over and above CT 
at present.

Qualitative assessment of pleural thickening with posi-
tron emission tomography (PET) has been claimed to accu-
rately discriminate between benign and malignant pleural 
thickening with high negative predictive value56 with one 
study suggesting an SUVmax (maximum standardized uptake 
value) cuto� of 2.2 provided the best accuracy for di�eren-
tiation of malignant pleural mesothelioma from benign 
disease.57 However, infections, talc pleurodesis, and uremic 
pleurisy may result in high isotope 18- �ourodeoxyglucose 
avidity and give false-positive results.56,58,59 A negative PET 
scan highly favors benign thickening.

PULMONARY FUNCTION

DPT, in contrast to CPP, may markedly reduce lung vol-
umes, which in turn may result in exertional breathless-
ness in the absence of asbestosis.18,46,60 �is may result from 
in�ammatory involvement of the costal surfaces of the 
diaphragms and lower costal pleura, causing a pleurodesis 
that limits the excursion of the diaphragm, reduces dis-
tensibility of the pleura, and produces a space-occupying 
e�ect from the thickened pleura. Gas transfer measured by 
the  single-breath di�using capacity for carbon monoxide is 
well preserved (if there is no coexisting asbestosis) and the 
di�usion constant tends to be increased as a result of a dis-
proportionately reduced lung volume as measured by alveo-
lar volume.61 DPT appears to be associated with an altered 
ventilatory response to  exercise, without cardiovascular 
limitation or oxygen desaturation (which usually indicates 
interstitial disease).

CLINICAL ASPECTS

Patients are likely to present with slowly progressive 
 dyspnea. �e main speci�c management issue with DPT 
is di�erentiation from malignancy of the pleura (primary 
or secondary). �e presence of chest pain in the context of 

DPT (or rounded atelectasis) should raise the clinical suspi-
cion of malignancy further.

�ere is no speci�c therapy available for DPT. 
Decortication of the lung to improve lung volumes and 
ventilatory capacity has been proposed, but unlike pleural 
thickening in tuberculosis or following empyema, a plane of 
dissection/cleavage does not exist, making hemostasis dif-
�cult and the response of lung volume unsatisfactory.32,62,63

 BENIGN ASBESTOS PLEURAL 
EFFUSION

BAPEs is a term applied to an exudative pleural e�usion 
occurring in a subject with asbestos exposure for which no 
alternative cause can be identi�ed.

BAPE tend to occur earlier following asbestos expo-
sure than mesothelioma, at least in crocidolite-exposed 
 subjects.64 �eir average latency is also shorter than the 
development of pleural plaques or asbestosis. �e incidence 
of BAPEs also increases with the dose of  asbestos expo-
sure.65 Robinson and Musk64 showed that the  occurrence 
of BAPE in the Wittenoom cohort was uncommon beyond 
25  years a�er �rst exposure to amphibole asbestos (the 
median time following �rst exposure was 16  years). �is 
contrasts with malignant mesothelioma, the incidence 
of which rises exponentially with increasing time 10–15 
years from  initial exposure to asbestos (mainly with the 
 amphibole varieties).66

IMAGING

Benign asbestos–induced pleural e�usion may be 
 demonstrated with any routine imaging modality. BAPE 
may be accompanied by other asbestos-related lung disease 
(e.g., pleural  plaques or asbestosis); recurrent e�usions may 
become loculated.

CLINICAL ASPECTS

BAPE can present with exertional dyspnea and pleuritic 
pain, although some individuals may be asymptomatic. �e 
presence of fever, sweating, or other constitutional symp-
toms raises the index of suspicion that some other in�am-
matory or neoplastic process is responsible for the e�usion.64 
BAPE should not be diagnosed on the basis of a single aspi-
ration with no speci�c diagnostic  outcome, especially as 
repeated or more invasive  diagnostic  procedures may be 
needed before malignant cells are  identi�ed in malignant 
mesothelioma in  particular.  BAPE  may  remit  and recur 
ipsilaterally or occur later on the other side.64 BAPE may 
precede DPT in many cases.51

�e main management issues with BAPE relate to estab-
lishing its diagnosis by exclusion of other disease processes, 
the control of dyspnea by pleural aspiration or drainage, 
and very occasionally the need to perform pleurodesis to 
prevent further recurrence.
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ROUNDED ATELECTASIS

Rounded atelectasis (sometimes referred to as rolled 
 atelectasis) is a process that occurs within the lung paren-
chyma adjacent to an area of DPT, in which the lung tissues 
are drawn into visceral pleural, or subpleural �brosis.

�ere is no consistent epidemiological data on the 
 distribution and determinants of rounded atelectasis apart 
from the clinical observation of its association with other 
manifestations of asbestos exposure including asbestosis, 
plaques, and DPT.

ETIOLOGY AND PATHOLOGY

Rounded atelectasis has been postulated as most likely to 
occur as a result of a localized low-grade  in�ammatory reac-
tion in the pleura involving both pleural surfaces with pro-
gressive thickening and contraction of the  �brosis resulting 
in retraction and  contraction of the  underlying  lung tis-
sue. �e indrawn lung takes its  airway and  vessels with it 
producing a  characteristic (almost  diagnostic) “comet tail” 
appearance radiographically.67

CLINICAL ASPECTS

�e main clinical question with rounded atelectasis is the 
exclusion of a peripheral lung cancer. Although the radio-
logical features are o�en su�ciently characteristic to  permit 
con�dence in the diagnosis, PET and/or needle aspiration 
biopsy may be indicated if there is doubt and follow-up radio-
graphic examination is usually suggested for reassurance of 
the patient and the physician (Figure 37.4). No speci�c ther-
apy is available or warranted for rounded atelectasis.

FUTURE DIRECTIONS

�e banning of the use of amphibole asbestos worldwide 
would signi�cantly reduce the future occurrence of asbes-
tos-related pleural diseases. �e ongoing use of chrysotile, 
however, means that such cases will still present in future. 
�e study of molecular biology has provided some hints as 
to the etiology of asbestos-related pleural diseases. Recent 
evidence from genetic studies suggest that genetic predis-
position to the e�ects of asbestos exposure may exist and, 
in future, may serve as a way to identify individuals at risk. 
�e recent development of CT surveillance studies68 around 
the world focusing on asbestos-exposed individuals may 
assist in re�ning exposure risks to more accurately de�ne 
asbestos-related pleural diseases.
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Mesothelioma

MARC VAN LANEN AND PAUL BAAS

INTRODUCTION

Malignant pleural mesothelioma (MPM) is a malignancy of 
the mesothelial lining of the thoracic cavity or peritoneum. 
It is one of man’s best-known examples of an occupational 
disease. Usually it is unilaterally located in one  hemithorax 
and spreads out over the entire surface of the pleural. In 
80% of the cases the disease is localized the thorax  without 
any preference. In almost 20% of the cases the disease is 
located in the peritoneum and rarely the disease �nds its 
only origin in the pericardium or in the scrotum.1 Over the 
last three decades the disease has shown to be very resistant 
to all kinds of therapies and has a strong tendency to recur.

EPIDEMIOLOGY AND ETIOLOGY

Since the beginning of the twentieth century asbestos has 
been identi�ed as the most important cause of MPM.2 �e 

industrialization of the Western world sharply increased 
the demand for asbestos. �is naturally occurring mineral 
could easily be mined and had excellent properties like insu-
lation, heat resistance, was durability and easy to handle. It 
was widely used in the community especially in shipyard, 
train, car industry, and as insulation in buildings. Until the 
1960s only sporadic cases of MPM were presented in the 
literature.1 In that year, Wagner published the relationship 
of MPM and workers who were exposed in South-African 
mines to blue asbestos (crocidolite).3 �e development 
of  the  disease is well known for its long interval between 
the exposure and development of the disease, which can be 
20–50 years. Other forms of asbestos are chrysotile (white 
asbestos), amosite (brown asbestos), or zeolite (in rural 
areas in Turkey) and all have been identi�ed as causative 
agents for this disease albeit that blue asbestos is the most 
dangerous form.4 Worldwide there is a ban on blue asbestos 
but still countries like Russia, Brazil, and China mine and 
trade white asbestos (Figure 38.1). Most developed  countries 
have now prohibited the import and the United States of 
all asbestos products. �erefore, asbestos is now sold  to 
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KEY POINTS

 ● Incidence of MPM is leveling o� in Europe.
 ● Standard treatment with platin and pemetrexed for �rst line.
 ● No de�ned second-line treatment.
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third-world countries. Besides occupational  exposure, 
 indirect exposure of persons living near asbestos factories 
or  cleaning clothes of asbestos workers also increases the 
risk. In 85% of the cases, asbestos exposure can be identi�ed 
as the causative agent. In the remaining cases, it is o�en not 
clear why the disease developed but irradiation of the chest 
(Hodgkin’s disease) has been identi�ed.5,6

Molecular genetic analysis of cases has identi�ed that a 
BRACA1 Associated Protein 1 (BAP1) can be responsible 
for some cases of MPM (up to 15%).7 Other factors involve 
are mutations in the p53, Rb, and p16 gene. In the developed 
countries the disease predominantly occurs in males and in 
the ��h to seventh decade. Smoking does not increase the 
incidence of MPM but the asbestos exposure doubles the 
risk of lung cancer.

�e incidence of MPM in the Western world di�ers 
between the countries (Figure 38.2). Economical and politi-
cal issues are the reason that �nal prohibitions on the use, 
disposal, and transport of all forms of asbestos vary between 
countries.8,9 Despite the large body of scienti�c informa-
tion, it took until January 2005 before a general prohibition 
was implemented in Europe. �erefore, it is expected that 
between 2005 and 2040, no less than half a million people will 
die from asbestos related diseases in Europe. For the third 
world the expectations are grim, with millions more to die 
from asbestos related diseases in the following decades. �is 
is due to the lack of occupational and environmental safety 
measures.9,10

DIAGNOSIS

Patients with MPM most o�en present with shortness of 
breath, fatigue, weight loss, and unilateral chest pain. A one 
sided pleural e�usion is o�en seen on chest radiology exam-
ination accompanied in some cases by dense pleural plaques 
or irregular pleural based masses. Evacuation of the �uid 
relieves the patient from dyspnea and cytological examina-
tion sometimes reveals MPM. For the clinician it is o�en a 
challenge to obtain a diagnosis. �is can best be made on 
histology samples where in�ltration of the malignant meso-
thelial cells in the underlying fatty or muscle layer is identi-
�ed. MPM has to be di�erentiated from adenocarcinoma or 
chronic in�ammatory processes. In many countries, histol-
ogy con�rmation by a specialist pathology panel is manda-
tory to be eligible for �nancial compensation programs. In 
general, there are three main types of MPM: epithelial type 
(60%), sarcomatoid type (20%), and the mixed type (20%).11 
Cytology can identify only the epithelial type in 30%–40% 
of the cases. �is type can be further divided into many 
more forms like the pleiomorphic type, papillary type, 
small cell type, tubulopapillary type, and large cell type.12 
It is thought that the subtypes have a di�erent  prognostic 
impact but data are not available yet.

�e clinical work-up includes an occupational  history, phys-
ical examination, CT scanning of the thorax (Figure 38.3) and 
upper abdomen, pulmonary function, and  laboratory tests.

Figure 38.1 Typical advertisement for the support of dangerous asbestos manufacturing.
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STAGING SYSTEM

The first staging system developed originates from the 
1970s and was proposed by Butchard.13 It was a simple 
classification allowing the physician to identify patients 
who could benefit from surgical treatment. Since then 

six more staging systems have been reported of which 
the International Mesothelioma Interest Group (IMIG) 
has been mostly used.14 Most staging systems include 
surgical interventions like thoracoscopy because CT 
and PET scanning are not always reliable investigations. 
Currently an initiative of the IMIG and the International 
Association on the Study of Lung Cancer (IASLC) is being 
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Figure 38.2 Incidence of mesothelioma over the period 1980–2010 in Great Britain. On the vertical axis the incidence 
is reported and on the horizontal axis the years. There is a clear difference between female and male incidence, related 
to the occupational exposure. The curves seem to level off at 2006. This is related to the bans on asbestos import and 
handling. 

Figure 38.3 CT scan image of a patient with a left-sided epithelial type of pleural mesothelioma. There is a circular rind of 
the tumor capturing the complete right lung indicated by the white arrows. The dashed arrow indicates a localization of 
the tumor in the fissure of the lung.
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�nalized encompassing over 830 cases form references 
centers world wide.

BIOMARKERS

Biomarkers can help to identify patients at risk (early diag-
nosis or screening); they can be used for selection of patients 
(prognostication), give information on chance of success 
for a certain treatment (prediction), or help in response 
 evaluation (therapeutic). Biomarkers can be measured in 
blood and serum, in tissue, or they are used in an imaging 
setting.

Screening programs could be initiated in patients who 
have had documented exposure to asbestos. Due to the 
nature of the disease the use of CT scanning for screening 
is not cost-e�ective. �erefore diagnostic serum biomarkers 
have been investigated. �ese are mesothelin, osteopontin, 
and �bulin-3. Elevated levels of mesothelin are suggestive 
of mesothelioma, unless the patient has concurrent renal 
failure, and help the clinician to order additional investiga-
tions.15–19 However, it lacks sensitivity at the time of diag-
nosis thus limiting its use in screening.20–22 Osteopontin 
has shown some promise but is inferior to mesothelin.19,23 
In patients with con�rmed malignant mesothelioma 
plasma levels of �bulin-3 were signi�cantly higher than in 
control subjects (asbestos-exposed population). �e sen-
sitivity of this biomarker was unexpectedly high, with a 
reported  sensitivity of 100% and speci�city of 94%.24 �is 
marker holds promise for the screening of patients. To rule 
out mesothelioma one can easily use carcinoembryonic 
 antigen (CEA) serum values. When elevated above 7 μg/L 
the chance of a mesothelioma is neglectable. Also serum 
Cyfra 21.2 levels might be useful in discriminating between 
benign versus malignant pleural disease.25

PROGNOSTIC FACTORS

A diagnosis of nonepithelial subtypes of mesothelioma is 
uniformly associated with poor prognosis.26–28 In addition, 
laboratory parameters including low hemoglobin, throm-
bocytosis, elevated lactate dehydrogenase and high white 
blood cell have also been identi�ed as poor  prognostic 
indicators.26–28 Finally, high serum vascular endothelial 
growth factor (VEGF levels) and an increase lymphocyte 
to  neutrophil ratio have also been correlated with poor 
 prognosis and advanced stage of disease.29,30

MANAGEMENT

MPM is an extremely di�cult disease to treat. Median 
overall survival (OS) ranges between 4 and 13 (untreated) 

and 6 and 18 months (treated, regardless of the therapeu-
tic approach).31–33 One of the important factors as to why 
so little progress is made in treating this disease, is that few 
studies are randomized controlled and the ones that are 
usually enroll a small number of patients, use  histological 
 heterogenic types, di�erent disease staging methods, or have 
problematic response measurements.

SURGERY

Surgery in MPM has been used in patients with early-
stage local resectable disease and good performance status. 
Surgical techniques used to treat MPM include pleurec-
tomy/decortication (P/D), �rst performed in the mid-
1970s34 and extrapleural pneumonectomy (EPP), which 
gained acceptance since publications of Sugarbaker and 
Rush.35 EPP aims to remove all visible tumor. It involves 
en bloc resection of the visceral and parietal pleura, dia-
phragm, pericardium, lung, and mediastinal lymph nodes. 
�e de�nition of P/D has been variably used in the past, but 
recently, the IMIG in collaboration with IASLC categorized 
these procedures into three distinct groups based on surgi-
cal technique. �ese included extended P/D, P/D, and par-
tial pleurectomy.36 Surgical treatment in MPM is o�en used 
in combination with chemotherapy and radiotherapy as 
part of trimodality treatment (TMT).37,38 During the IMIG 
meeting in 2012 it was discussed that surgeons should try to 
obtain a  macroscopic Complete Resection (mCR) whenever 
possible (Figure 38.4).

�e only randomized clinical trial (RCT) that  compared 
TMT with current best medical practice showed no survival 
bene�t when EPP and radiotherapy were added to chemo-
therapy alone. Study results even suggested that EPP short-
ens survival without a gain in quality of life.39 All other 
data on the e�ect of di�erent surgical techniques used to 
treat MPM, are from non-RCTs, usually retrospective and 
not collected with intention to treat. �ese series show 
median OS of EPP in highly selected patients between 10 
and 29 months, with 30-day mortality rates between 0% and 
18%. Morbidity following EPP remains high with serious 
complication occurring in 50%–70% of patients. Despite 
this aggressive surgical treatment, local recurrence is seen 
in 31%–65% of patients with distant recurrence rates of 
41%–44%.31

Mortality rates in the various types of P/D range between 
0% and 11% with median OS a�er extended P/D reported 
being 11.5–31.7 months, in P/D 8.3–26 months, and in par-
tial pleurectomy 7.1–14 months. Also morbidity rates are 
lower compared with EPP.37,38 Few analyses directly com-
pared EPP with P/D. �ese non-RCT’s show signi�cantly 
better survival with P/D compared to EPP.31,37,40

For patients with locally resectable disease in good 
 clinical condition, a combination of chemotherapy, radio-
therapy, and surgery remains the treatment of choice. 
However, it remains unclear which surgical technique is 
most bene�cial. Even though a complete microscopic resec-
tion (R0) resection is virtually impossible, OS rates favors 
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this treatment over sole treatment options available in 
selected patients.

RADIOTHERAPY

Mesothelioma cells are sensitive to radiation therapy, but 
because the disease is spread along the pleural  linings, 
treatment of the entire hemithorax is required. �e 
 presence of vital adjacent organs (lung, heart, spinal 
cord) limits the dose that can be administered. Hence, 
radiotherapy is mostly given as palliation or as part of a 
combination therapy.41–44 Radiotherapy following cytore-
ductive surgery, applied to the ipsilateral hemithorax, has 
proven to improve local control in some non-RCTs, while 

others were unable to con�rm this bene�ciary e�ect. 
Radiotherapy in mesothelioma is commonly performed 
with intensity-modulated  radiation therapy (IMRT), typi-
cally the dose ranges between 45 and 55 Gy. Results show 
a 5%–13% risk of local recurrence, however, little e�ect 
is seen on OS.43,45 �e major downside of this treatment 
a�er debulking  surgery is the increased chance of fatal 
radiation pneumonitis. New strategies (like volumetric-
modulated arc therapy and proton therapy) are being 
tested to lower the side e�ects and reduce local  recurrence 
rates.46–48

Only three RCT’s comparing the e�ect of  prophylactic 
radiotherapy at intervention sites to prevent tumor seed-
ing have been published.49–51 Only one of these trials 
showed a bene�ciary e�ect. None of the patients (n = 79 
in total) in these RCT’s received palliative chemotherapy, 
 making its results questionable according to current prac-
tice  guidelines.52 Similarly, results from the nonrandom-
ized studies are  con�icting about the e�ect of adjuvant 
 radiotherapy at pleural intervention side. Despite the uncon-
vincing  supporting  evidence approximately 75%–84% of 
centers continue to o�er prophylactic radiotherapy.53–55 
Currently a randomized study on prophylactic radiotherapy 
is ongoing in the UK.

 CHEMOTHERAPY FOR RESECTABLE 
DISEASE

Neo adjuvant chemotherapy prior to EPP and RT has been 
tried in phase II trials showing a survival bene�t in patients 
completing all treatment modalities, reporting median OS 
up to 34 months. Owing to the small number of candidates 
for TMT only few trials have been successful. Most stud-
ies use pemetrexed and cisplatin, showing between 50% and 
70% of patients complete all four cycles of chemotherapy.46,56

Adjuvant chemotherapy is o�en di�cult to administer in 
the TMT setting because of associated toxicities and the lim-
ited number of patients that have good enough performance 
score a�er pleurectomy and radiotherapy to receive chemo-
therapy. �e largest trial in which 176 patients received EPP 
and radiotherapy followed by two cycles of carboplatin and 
paclitaxel showed 2-year survival rates of 38% and median 
OS of 19 months.35,46

 CHEMOTHERAPY FOR UNRESECTABLE 
DISEASE

Based on two large phase III trials combination therapy 
using cisplatin plus an antifolate (pemetrexed or ralti-
trexed) a standard has been identi�ed. �e study with 
pemetrexed and cisplatin had response rates (RR) of 41% 
and median OS of 12.1 months compared with the con-
trol group who received cisplatin alone (9 months OS). It 
also rapidly improves patient quality of life. �e optimal 
number of courses is not established, varying between 1 
and 12 in both studies, with half of patients receiving �ve 
courses.32,33 In case of toxicity, cisplatin can be substituted 

Figure 38.4 Two different examples of a thoracoscopic 
picture of epithelial types of malignant pleural mesothe-
lioma. (a) Shows a more nodular image of the tumor in the 
dorsal sinus of the right lung. Small nodules and confluent 
larger  nodules are seen on the parietal pleura. There is a 
small amount of pleural fluid visible. (b) Shows the partially 
collapsed right lung with abnormal findings of the parietal 
pleura. There is a clear increase of the superficial vessels 
and a more  subcutaneously located mass.

(b)

(a)
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by carboplatin.57,58 Gemcitabine as a single agent has RR 
between 0% and 31%, and this increases to 12%–48% when 
combined with cisplatin. Small trials have compared gem-
citabine with cisplatin to pemetrexed plus cisplatin and 
reported no di�erence in OS.46 Vinorelbine combined with 
cisplatin shows RR of about 30% with median OS of 16.8 
months.59,60 Results from available phase II studies com-
bining cisplatin with other agents (e.g., doxorubicin, epi-
rubicin, mitomycin, fuorouracil, and methotrexate plus 
vinblastine) do not suggest any advantage to standard ther-
apy.46 Without the optimal number of courses of �rst-line 
chemotherapy being established, it is generally advised not 
to administer more than six courses in patients responding 
or with stable disease. 

IMMUNOTHERAPY

Cancer immunotherapy attempts to enhance or activate 
the antitumor e�ects of the immune system to �ght cancer. 
Despite being considered nonimmunogenic tumors there is 
some evidence, mostly from preclinical trials, that meso-
thelioma is sensitive to destruction by immunotherapy. 
None of these have an established role yet in the treatment 
of mesothelioma. Previous trials with di�erent types of pas-
sive immunotherapy as monoclonal  antibodies and inter-
ferons showed no clinical bene�t, although amatuximab, a 
monoclonal antibody against mesothelin, is currently being 
investigated in a phase II trial.61 In recent years, focus in 
cancer immunotherapy has shi�ed toward active immuno-
therapy with several agents currently being investigated in 
treatment of mesothelioma. �ey include vaccines based on 
Listeria monocytogenes (in combination with �rst-line che-
motherapy) and dendritic cells (both phase I studies), and 
peptide analogue vaccines based on allogeneic tumor cells 
(phase I) and Wilms tumor suppressor gene (phase II).62,63

TARGETED TREATMENT

Epidermal growth factor receptor

Because tyrosine kinase epidermal growth factor recep-
tor (EGFR) is overexpressed in more than 50% of MPM 
patients, inhibition with TKI-EGFR was investigated as 
possible treatment. Only one phase II trial with ge�tinib 
showed a survival bene�t in chemotherapy naive patients 
with  high  EGFR expressing versus low EGFR expressing 
tumors (8.3 vs. 3.6 months).64 Other phase II trials with erlo-
tinib and ge�tinib showed no e�cacy against MPM.46,65,66 
An absence of mutation or deletion in the active domains of 
the exon 19 and 21 of the EGFR gene probably accounts for 
the lack of e�ect of the tyrosine-kinase inhibitors (TKIs).67

 Platelet derived growth factor receptor

Platelet derived growth factor receptor (PDGF) is also 
known  to be overexpressed in mesothelioma cells, and 

high serum PDGF levels in MPM patients seems to be an 
independent risk factor for survival. Four phase II trials 
with imatinib (a PDGF receptor inhibitor) as a single agent 
showed no e�ect on progression free survival (PFS) or OS 
and have not warranted further trials, although trials com-
bining this agent with gemcitabin, cisplatin, and/or peme-
trexed are currently being investigated. Dasatinib is still 
being tested for its e�ect on MPM. Sora�nib, an inhibitor 
of VEGFR-2 and PDGFR-beta showed modest RR of 4% 
and 8% in two phase II trials with PFS of 3.6 months either 
in chemotherapy naive or previously treated patients.68 
Comparable results were seen in a phase II with Sunitinib 
in second-line treatment, OS being 6.7 months.46,66

 Vascular endothelial growth factors

Levels of VEGF, an autocrine growth factor, stimulating 
angiogenesis, are higher in MPM patients compared with 
healthy individuals. Bevacizumab, a monoclonal antibody 
targeting VEGF, had no responders (24 patients) in a phase 
II trial with PFS being 2.2 months. When added to cispla-
tin and gemcitabine, bevacizumab also failed  to  showed 
 improvement in outcome parameters in 115  chemotherapy 
naïve patients. When added to cisplatin and pemetrexed, 
however, bevacizumab showed a  statistically signi�cant 
e�ect on disease control (CR, PR, and SD) at 6 months of 
73.5% versus 43% in a phase II/III trial.46 Other VEGF 
inhibitors as vatalanib and cediranib show too little e�ect 
to justify further research as a single agent, although com-
bination with chemotherapy is currently being investigated. 
Pazopanib and axitinib, targeting VEGF, PDGFR, and C-kit 
are currently being evaluated as a single agent, and in com-
bination with cisplatin and pemetrexed.46,65,66

Other types of targeted treatment as monoclonal anti-
bodies targeting mesothelin (MORAB-009), macrolides 
targeting PI3K/AKT/mTOR pathway (Sirolimus), agents 
causing irreparable RNA damage (Ranpirnase), G2 check-
point abrogators (CBP501), antibodies targeting insulin-like 
growth factor (IMC-A12) and 20S proteasome inhibitors 
(Bortezomib), have been or currently are being tried, but 
none have entered routine clinical use.46,65,66

INTRAPLEURAL TREATMENT

Mesothelioma is an attractive target for intrapleural (IP) 
therapy since local extension of disease, rather than distant 
metastases, is responsible of much of its morbidity and mor-
tality. Research in the 1990s focused on IP chemotherapy 
(hyperthermic cisplatin or gemcitabin) without showing a 
bene�ciary e�ect on recurrence rates or OS.69,70 Also phase II 
studies with IP immunotherapy with interferon gamma and 
IL-2 have been published. �ey showed limited e�ect, with 
best results seen in early stage disease. IP gene  therapy with 
a variety of viral and nonviral vectors have been  developed 
for in vivo and in vitro gene  delivery, as well  as cyto-
kine genes, “suicide genes,” and tumor  suppressor genes.  
Only few of these studies have been published to date, 
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showing limited response, with some of them still ongoing. 
IP immune therapy seems to have limited e�ect on destroy-
ing large tumors, which is why researchers now focus on 
this therapy in combination with more traditional therapies 
as debulking surgery and chemotherapy. To date no IP anti-
cancer therapy has become standard of care.70,71

MAINTENANCE THERAPY

�e concept of maintenance therapy a�er frontline  therapy 
remains under investigation. One small study showed the 
feasibility of pemetrexed maintenance  therapy but its role 
hasn’t been established in large prospective  trials yet.72 
Until now only one large randomized phase III study 
has been reported. �alidomide as maintenance ther-
apy showed no e�ect compared with observation alone.73

SECOND-LINE TREATMENT

Most data of chemotherapy in second-line setting in MPM 
are for pemetrexed, either as single agent or in combina-
tion with cisplatin, showing e�ect especially in pemetrexed 
naive patients. One phase III trial showed pemetrexed in 
this setting prolongs median PFS but did not improve OS 
with RR of 18%.74 Other regimens trialed in the second-line 
setting are shown in Table 38.1.75–81

RESPONSE ASSESSMENT

Response assessment in unresectable MPM is employed 
by modi�ed response evaluation criteria in solid tumors 

(RECIST) criteria in which six target lesions in the pleural 
rind are measured on a chest CT scan. �e sum of these 
measurements, each made perpendicular to the thoracic 
wall, is used to de�ne response on repetitive CT scans using 
RECIST criteria. �ese measurements, however, do not 
always predict survival.82

PALLIATION

Since mesothelioma is generally considered a treatment-
resistant disease with limited proven treatment strategies, 
symptom control should be of main focus in any stage 
of the disease. In the MS01 trial, chemotherapy added to 
active symptom control o�ered no signi�cant improvement 
in quality of life.83 Nonetheless about 16% of mesothelioma 
patients receive anticancer treatment in the last month of 
life, indicating possible overutilization of chemotherapy 
toward the end of life.84

Recurrent pleural e�usion could be controlled by 
pleurodesis, with high success rates (75%–90%) in selected 
patients, but is usually not e�ective if the lung doesn’t fully 
re-expand, a problem o�en encountered in mesothelioma. 
Placement of a tunneled pleural catheter (TPC) is a good 
alternative since overall hospitalization following this pro-
cedure is shorter with comparable e�ect on symptom relief 
and lower post procedural morbidity.85,86

Pain in mesothelioma can be caused by tumor  in�ltration 
of the intercostal nerves (neuropathic pain),  somatic  pain 
caused by surgical (diagnostic) procedures or  painful periph-
eral neuropathies caused by chemotherapy. �ere is no limit 
of dose for opioid use. Nonsteroidal   anti-in�ammatory 
drugs, anticonvulsants (e.g., gabapentine, pregabaline), cor-
ticosteroids, tricyclic antidepressants, and alpha2 agonists 

Table 38.1 Overview of the drugs tested in second-line treatment of mesothelioma

Year Second-line 
treatment

First line Number of 
patients

Response 
rate

Time to 
progression 

(months)

Overall 
survival 
(months)

2005 (Porta)75
Raltitrexed + 

Oxaliplatin
Various 14 0% 1.8 3.2

2007 (Fennell)76

Irinotecan + 
cisplatin + 
mitomycin

Various 13 35% 4.5 7.8

2008 (Jassem)74 Pemetrexed Various 243 18% 3.6 8.4

2008 (Okuno)77
Gemcitabin + 

Epirubicin
Various 23

7%–13% (low vs. 
high dose)

4.2 5.7

2008 (Zucali)78
Gemcitabin + 

Vinorelbine
Pemetrexed 30 10% 2.8 10.9

2008 (Stebbing)79 Vinorelbine Various 63 16% NR 9.6

2011 (Pasello)80
Gemcitabine 

+ Platinum
Pemetrexed + 

Platinum
17 0 3.5 6.5

2011 (Tourkantonis)81

Gemcitabine 
+ Docetaxel 

+ G-CSF

Pemetrexed + 
Carboplatin

37 19% 7 16.2

Abbreviations: NR, not reported; G-CSF, granulocyte colony stimulating factor.
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can be a useful addition in treating pain. Nerve blocks and 
neurolytic procedures also can be e�ective. Opioid induced 
side e�ects, such as constipation and nausea should be 
treated.87

Dyspnea in mesothelioma is sometimes relieved by 
nasal oxygen administration and patients with continuous 
dyspnea o�en bene�t from sustained release opioid prepa-
rations. Weight loss and anorexia is o�en seen in advanced-
stage disease and sometimes responds to dietary advice and 
drug therapy (e.g., corticosteroids). Also therapists need to 
be aware of frequent occurrence of depression and anxiety. 
Treatment of these symptoms is worthwhile, even when 
patients have only weeks to live.87,88
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INTRODUCTION

Etiology, diagnosis, and management of spontaneous pneu-
mothorax, which is subdivided into primary and secondary 
subtypes, remain highly controversial topics and for most 
diagnostic and therapeutic interventions no large random-
ized controlled trials have been performed.1 For this reason 
only general recommendations can be given. As well the 
British �oracic Society (BTS) as the American College of 

Chest Physicians (ACCP) published consensus reports on 
pneumothorax in which the British society favors a more 
conservative approach, also in their most recent update.2–5 
Within the Belgian Society of Pneumology, a working group 
on pneumothorax was created that �nished a report on the 
management of spontaneous pneumothorax in 2005 based 
on the literature available at that time.6–8 Some additional 
evidence became available, which is incorporated in the 
present chapter. Very recently, a task force of the European 
Respiratory Society comprising pulmonary physicians and 

KEY POINTS

 ● Management of spontaneous pneumothorax remains controversial due to lack of large randomized 
controlled trials.

 ● In patients with chronic obstructive pulmonary disease (COPD), pneumothorax is a serious event with high 
 morbidity and mortality.

 ● Clinical symptoms, size and type of pneumothorax determine speci�c treatment.
 ● Key factors in treatment are evacuation of air from the pleural space and prevention of recurrence by pleurodesis.
 ● Video-assisted thoracic surgery (VATS) provides an attractive, minimally invasive approach with excellent long-

term results, especially in recurrent primary spontaneous pneumothorax.
 ● Chemical pleurodesis by talc poudrage is an e�ective alternative method to surgical treatment in high-risk patients.
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thoracic surgeons published a comprehensive review of 
available evidence on diagnosis and treatment of primary 
spontaneous pneumothorax.9 Whenever possible, grades 
of recommendation are provided according to the clinical 
guidelines report of the ACCP.10

DEFINITION, ETIOLOGY

A pneumothorax is de�ned as air entering the  pleural 
space resulting in a loss of negative pressure and a  variable 
degree of lung collapse. �e classi�cation of spontaneous 
 pneumothorax is listed in Table 39.1. A primary  spontaneous 
pneumothorax implies no clinically apparent lung disease 
although in most cases apical blebs or  emphysema—like 
changes are found on the lung surface, most o�en at the apex 
of the upper lobe. Depending on the thoracoscopic �ndings 
a speci�c classi�cation was proposed by Vanderschueren 
which is listed in Table 39.2.11 �ere is an ongoing discus-
sion whether the blebs are the real cause of pneumothorax 
or just an epiphenomenon resulting from airway obstruc-
tion leading to interstitial and mediastinal emphysema with 
secondary rupture into the pleural space. At the present 
time primary spontaneous pneumothorax is considered a 
di�use pleural and parenchymal disease characterized by 

emphysema-like changes, pleural porosity, and in�amma-
tion.12 Recently, in a subset of patients with spontaneous 
pneumothorax �broblastic lesions consisting of pleural �bro-
sis with islands of �broblastic foci within a myxoid stroma 
have been described.13 However, it remains unclear whether 
these are related to the pathogenesis of pneumothorax.

Primary spontaneous pneumothorax occurs more 
 frequently in men, with an estimated incidence between 7.4 
and 18 cases/100,000/year.14 Typical characteristics of pri-
mary spontaneous pneumothorax not only include male 
gender but also young age, tall and lean physiognomy 
and smoking of cigarettes. Most patients with  secondary 
 spontaneous pneumothorax have chronic obstructive 
 pulmonary disease (COPD). Other causes include intersti-
tial and infectious lung disease, and rare disorders which 
are listed in Table 39.1.

 SPECIFIC CONSIDERATIONS IN 
PATIENTS WITH SECONDARY 
SPONTANEOUS PNEUMOTHORAX

In patients with a secondary spontaneous pneumothorax 
diagnosis and treatment of the underlying disease is nec-
essary in conjunction with the pneumothorax treatment. 
Except in COPD patients in whom pneumothorax com-
plicates a known disease with established treatment, the 
suspicion of di�erent forms of secondary pneumothorax 
is mostly based on the radiographic aspect and requires 
an active diagnostic approach including bronchoscopy, �ne 
needle aspiration biopsy, or in some cases even a formal 
lung biopsy by a thoracoscopic or open approach.

 PNEUMOTHORAX IN PATIENTS 
WITH COPD

In patients with COPD, subcutaneous emphysema may 
occur even without pneumothorax due to worsening of 

Table 39.1 Classification of spontaneous pneumothorax

Primary spontaneous pneumothorax
Secondary spontaneous pneumothorax
 Chronic obstructive pulmonary disease (COPD)
 Acquired immune deficiency syndrome (AIDS)
 Cystic fibrosis
 Tuberculosis
 Idiopathic pulmonary fibrosis
 Marfan syndrome
 Ehlers–Danlos syndrome
 Endometriosis (catamenial pneumothorax)
 Lung cancer—metastases
 Birt–Hogg–Dubé syndrome
 Histiocytosis X
 Langerhans cell granulomatosis
 Lymphangioleiomyomatosis (LAM)

Source:  Adapted from Van Schil PE et al., Monaldi Arch Chest Dis, 63, 204–212, 2005. With permission.

Table 39.2 Classification of Vanderschueren detailing 
thoracoscopic findings in patients with spontaneous 
pneumothorax

Stage 1 No specific abnormalities, anatomically normal 
lungs

Stage 2 Pleuropulmonary adhesions
Stage 3 Blebs or bullae <2 cm
Stage 4 Bullae >2 cm

Source: Vanderschueren RG, Poumon Coeur, 37, 273–276, 1981.
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obstruction, rupture of peripheral alveoli, and dissection of 
air along the peribronchial and perivascular spaces into the 
mediastinum, neck, and other regions.

Despite a smaller-sized pneumothorax resulting from a 
decreased lung elastic recoil, lung expansion usually takes 
a more prolonged course as a consequence of lung hypo-
vascularity and subsequent slower healing of the visceral 
pleural defect. In these patients subcutaneous emphysema 
may occur more frequently than in patients with primary 
spontaneous pneumothorax, usually manifesting itself a�er 
chest tube insertion. Even in the presence of an increasing 
amount of subcutaneous air, intensi�ed medical bronchodi-
lator treatment is usually all that is necessary.15 However, in 
some cases subcutaneous skin incisions may be necessary to 
evacuate air together with drainage of the pneumothorax.

 PNEUMOTHORAX AND LUNG  
CANCER

In adult patients with delayed lung expansion, especially 
if older than 60 years, bronchoscopy should be performed 
to rule out endobronchial tumor growth. Pneumothorax 
may be caused either by peripheral, necrotic lung tumors 
or by centrally located tumors with unusual radiographic 
aspect (Figure 39.1a–c). As a pneumothorax onset may 
be the �rst manifestation of lung cancer, thorough diag-
nostics have to be performed. Some cases will be treated 
surgically if a complete resection can be obtained. 
Even if pneumothorax treatment was prolonged and 
complicated  by intrapleural infection, surgery may be 
considered.16

Figure 39.1 Pneumothorax as a first manifestation of centrally located lung cancer. (a) On admission. (b) Lung expansion 
achieved by chest drainage; persistent atelectasis of left lung; bronchoscopy showed malignant infiltration of the left main 
bronchus. (c) Operative specimen.

(a) (b)

(c)
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 PNEUMOTHORAX AND TUBERCULOSIS

Spontaneous pneumothorax may either complicate already 
diagnosed and treated tuberculosis or represent the �rst man-
ifestation of this disease. Unlike in areas with a high prevalence 
of tuberculosis, where the proportion of active tuberculosis 
among patients with spontaneous pneumothorax and hydro-
pneumothorax may reach 46%, in areas with low prevalence 
pneumothorax complicating tuberculosis occurs in no more 
than 1.5% of patients.17 Although half of these patients have 
a typical radiographic aspect with cavitations and despite a 
sputum positivity rate up to 70%, it is sometimes di�cult to 
distinguish between active lesions and sequelae from previ-
ous episodes. In these patients slow lung expansion usually 
delays more invasive diagnosis aimed at providing tissue 
or bacteriological con�rmation. Furthermore, direct spu-
tum analysis is rarely positive for acid-fast bacilli and their 
isolation from cultures takes 6  weeks. Synchronously with 
intensive pneumothorax treatment, initiating antitubercu-
lous treatment seems justi�ed in the presence of suspicious 

radiographic lesions, especially in immune-compromised 
patients, in those with poor socio economic status, and in 
those with a history of tuberculosis.

Occurrence of pneumothorax in patients under antitu-
berculous treatment for known tuberculosis does not in�u-
ence the planned antituberculous medical treatment.

CATAMENIAL PNEUMOTHORAX

�is type of pneumothorax should be considered in all 
young women with spontaneous pneumothorax, espe-
cially if recurrent, right-sided, and if its onset coincided 
or occurred 2–3 days before or a�er the menstrual cycle. 
In these patients, the presence of diaphragmatic fenestra-
tions should be ruled out or con�rmed thoracoscopically. 
Diaphragmatic fenestrations with endometrial implants 
exist in 23%–88% patients operated for catamenial pneu-
mothorax.18–20 If diaphragmatic defects are con�rmed, sur-
gical excision of the involved part of the diaphragm may 
provide a de�nitive solution (Figure 39.2a–c).

Figure 39.2 Diaphragmatic defects in a young female patient with a catamenial pneumothorax. (a) Operative view— 
multiple defects in the right diaphragm. (b) The involved part of the diaphragm is excised and primarily sutured. 
(c) Resected specimen.

(a) (b)

(c)
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BIRT–HOGG–DUBÉ SYNDROME

�e Birt–Hogg–Dubé syndrome is an autosomal dominantly 
inherited disease that gives rise to pulmonary cysts, spon-
taneous pneumothorax, skin tumors, and renal cancer.21 
In some patients with familial spontaneous pneumothorax 
mutations in the folliculin gene have been discovered and 
these should be considered a forme fruste of Birt–Hogg–
Dubé syndrome.21

 PNEUMOTHORAX IN PATIENTS  
WITH UNDETERMINED LUNG LESIONS

Some patients with a spontaneous pneumothorax may have 
radiographically visible undetermined lung lesions. Some of 
these may be suggestive of particular diseases. Spontaneous 
pneumothorax may complicate a third stage of sarcoidosis 
in around 4% of patients in which case a typical radio-
graphic pattern exists.6 Pneumothorax may complicate 
other rare diseases like histiocytosis X with pneumatocele 
formation or lymphangioleiomyomatosis (LAM) mani-
fested thin-walled by  bilateral parenchymal cysts.

CLINICAL COURSE—DIAGNOSIS

Primary spontaneous pneumothorax usually has a benign 
clinical course and is mostly considered to be a  low-mortality 
“nuisance.” �e average rate of recurrence of a primary spon-
taneous pneumothorax is 30% and risk  factors include radio-
graphic evidence of pulmonary  �brosis,  smoking, asthenic 
habitus, and younger age, but not the presence of blebs or 
bullae.22–24 In patients with complete atelectasis of the lung 
recurrence rates up to 70% have been reported.25

On the other hand, a secondary spontaneous pneumotho-
rax is a serious event that can be life-threatening. Its incidence 
in the general population equals that of a primary spontane-
ous pneumothorax but it is four times higher in patients with 
COPD, the most frequent cause of secondary spontaneous 
pneumothorax.22 Its recurrence rate is also similar to primary 
spontaneous pneumothorax. Patients with COPD have a 
3.5-fold increase in relative mortality with each spontaneous 
pneumothorax occurrence.26 How should the size of a pneu-
mothorax be measured exactly? In a pneumothorax model 
with a water �lled plastic bag, the classical chest radiograph 
was found a poor tool to predict the pneumothorax size in 
contrast to a chest computed tomographic (CT) scan.27 �e 
correlation coe�cient for chest x-ray was only 0.71 and for CT 
scan 0.99. So, chest CT is a much more accurate method. �e 
reason for this discrepancy, even between high-resolution, 
digitalized chest X-ray and CT scan, is the asymmetric col-
lapse which occurs in most patients. �is remains di�cult to 
evaluate in two-dimensional images. In daily clinical practice 
size is assessed on a postero-anterior chest radiograph mainly 
by the apex to cupula distance or the Light index, which is 

calculated by the following formula: size of pneumothorax in  
% = (1 − DL

3/DHT
3) × 100 (DL is the diameter of the lung mea-

sured at hilar level and DHT is the internal diameter of the 
hemithorax also measured at hilar level).28 Generally, lung 
dehiscence of the whole length of the lateral chest wall is de�ned 
as a large pneumothorax, in which case the Light index, can 
be used with a cuto� point of 20% to guide  subsequent thera-
peutic strategy. Because of the routine use of digitalized chest 
radiographs, measurements in  absolute values are no longer 
universally applicable although a  pneumothorax >2 cm on a 
classical chest radiograph is usually considered to be large. A 
partial pneumothorax, e.g., one occurring only in the apical 
part of the chest, is de�ned as small.

In patients with bullous emphysema di�erentiation 
between a large bulla and pneumothorax can be di�cult. In 
case of doubt, a chest CT scan should be obtained in order to 
avoid inserting a thoracic drain inside a bulla (Figure 39.3).

TREATMENT

GENERAL PRINCIPLES

A variety of treatment options exist for spontaneous 
 pneumothorax. �ese are listed in Table 39.3. Overall, 
treatment of spontaneous pneumothorax has two goals: 
evacuation of air from the pleural space and prevention of 
recurrence. When and how should air be evacuated from 
the pleural space?

In 1993, guidelines where put forward by the BTS a�er 
obtaining expert opinion from more than 150 British 
respiratory physicians and surgeons.2 In these guidelines, 
a conservative approach is favored. Basic recommendations 
include the principle that intrapleural air does not necessar-
ily imply a therapeutic intervention and that management 

Figure 39.3 Chest computed tomography demonstrating 
bullous emphysema in right middle lobe.
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depends on the clinical symptoms and not on the size of 
the pneumothorax. �e authors indicate that tension pneu-
mothorax from a primary spontaneous pneumothorax is 
extremely rare and that even a complete collapse can be 
treated by simple aspiration. In a case of a limited pneu-
mothorax with only a small rim of air around the lung, 
in-patient observation is recommended. When there is a 
moderate or complete collapse, drainage of air by aspiration 
is favored, as it is also in patients with COPD. Only in cases 
of failure a thoracic drain is inserted.

However, this conservative approach has been much criti-
cized.29 In a retrospective study of 115 cases with spontaneous 
pneumothorax admitted at a district general hospital in the 
United Kingdom, only 21% of episodes were treated accord-
ing to the BTS guidelines.30 Aspiration was e�ective in 58% 
of patients, but in 28% of cases that were initially successful, 
an increase in size of the pneumothorax occurred within 
72 hours. �e failure rate of aspiration in patients without 
COPD was 29%. In general, factors associated with failure 
were age above 50 years, COPD and an initial aspiration of 
more than 2.5 L of air. In 2003, the criteria of the BTS were 
clari�ed although the basic principles did not change: simple 
observation is recommended for uncomplicated cases, sim-
ple aspiration as initial  treatment for larger pneumothora-
ces, and thoracic drainage for  di�cult or complicated cases.4  
A pneumothorax is considered as small when it is less than 
2 cm on a chest radiograph. In cases of secondary sponta-
neous pneumothorax limitations of simple aspiration are 
recognized. In 2010, updated guidelines were produced 
according to the Scottish Intercollegiate Guidelines Network 
(SIGN) methodology and the same conservative attitude is 
 maintained.5 However, more emphasis is put on the clini-
cal symptoms and less on the size of the  pneumothorax. 
Aspiration is proposed as initial treatment except in case of 

a secondary pneumothorax in a patient older than 50 years 
with a signi�cant smoking history who is breathless or pres-
ents with a pneumothorax >2 cm, in which case insertion of a 
thoracic drain is preferred.

In contrast, in the United States a more aggressive 
approach is favored. Aspiration is performed in any pneu-
mothorax larger than 20% of the hemithorax irrespective of 
the symptoms.3,29

 ASPIRATION OR THORACIC DRAIN?

What evidence is present to indicate whether a  spontaneous 
pneumothorax should initially be treated by needle  aspiration 
or a chest drain? In a best evidence topic report the speci�c 
question was asked how a  20-year-old patient with acute 
shortness of breath and a le�-sided  pneumothorax occupy-
ing 50% of the hemithorax should be treated.31 In a Medline 
search from 1966 to 1999, 83 papers were reviewed. Of these, 
81 were found to be irrelevant and  only two   randomized 
trials remained.32,33 Several other  randomized trials were 
published a�erwards.34–37 �ese randomized  trials are sum-
marized in Table 39.4. Only one study included more than 
100 patients and overall results are quite disparate regarding 
success rates, hospital stay and recurrence rates. Weak points 
in the study by Harvey are the small numbers in both groups 
which were ill-matched.32 �ere was a large  di�erence in the 
initial size of the pneumothorax, complete collapse being 
present in 34% of the patients undergoing needle aspiration 
versus 58% in the intercostal drainage group. In the study 
by Andrivet numbers were also small and there was a long 
hospital stay in the aspiration group.33 �is was due to the 
fact that aspiration was not carried out for 72 hours in most 
patients. A second protocol was  developed with immediate 
aspiration, but this was not a randomized study.

In the study by Parlak also traumatic pneumothoraces 
were included, which results in more heterogeneous groups 
with di�erent pathologic entities.37

From Table 39.4 it is clear that needle aspiration is e�ec-
tive as initial management of spontaneous pneumothorax 
and can be performed as outpatient treatment reducing 
hospital admission and length of stay, although insertion 
of a minichest tube attached to a Heimlich valve may yield 
similar results36,38 (grade of recommendation 1B). It should 
also be noted that failures with aspiration occur frequently, 
namely 25% in primary spontaneous  pneumothorax and 
60% in secondary spontaneous pneumothorax.22,30 �e con-
sequences of failed aspiration should also be considered. 
�ese include frustration of failure, insertion of a thoracic 
drain with added anxiety and pain and, inevitably, a longer 
hospital stay. Due to the higher failure rate of aspiration in 
secondary spontaneous pneumothorax immediate insertion 
of a thoracic drain is recommended. In most cases a small-
bore chest tube of 10–14F will be su�cient. Patients with 
accompanying hemothorax or barotrauma due to mechani-
cal ventilation are best treated with large-bore chest tubes.39 
Overall initial treatment of spontaneous pneumothorax is 
summarized in Table 39.5.

Table 39.3 Treatment options for pneumothorax

Simple observation
Needle aspiration
Thoracic drainage
 Water-seal
 Suction
 Heimlich valve or valved device
Pleurodesis—instillation of pleural irritant
 Talc
 Other agents, such as tetracycline
Thoracoscopy
 Medical (pleuroscopy)
 Video-assisted thoracic surgery (VATS)
Thoracotomy
 Axillary minithoracotomy
 Anterolateral (muscle-sparing)
 Posterolateral
Sternotomy

Source:  Adapted from Van Schil PE et al., Monaldi Arch Chest Dis, 
63, 204–212, 2005. With permission.
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 RECURRENCE PREVENTION AND 
INDICATIONS FOR INVASIVE TREATMENT

�e precise role of invasive treatment to evacuate air and 
prevent recurrence of spontaneous pneumothorax is a hotly 
debated topic and no randomized evidence is available. 
Accepted indications are listed in Table 39.6 (level of recom-
mendation 1C). For a �rst episode of primary spontaneous 
pneumothorax conservative treatment is warranted with 

simple aspiration as cost is minimal and recurrence does 
not occur in 75% of patients. However, this attitude is chal-
lenged by a recent prospective randomized study. In this 
trial 214 patients with a �rst episode of primary spontane-
ous pneumothorax >2 cm were randomized between pigtail 
catheter drainage only, and the same treatment followed by 
pleurodesis with 300 mg of minocycline.40 �ere were no 
speci�c complications related to either procedure. A�er 
follow-up of 1 year recurrent pneumothorax occurred in 
49.1% of patients in the control group in contrast to 29.2% 
in the minocycline group (p = .003). �e authors concluded 
that the latter treatment is safe and e�ective and should 
become the preferred treatment for primary spontaneous 
pneumothorax.40 �is attitude is clearly in contrast to the 

Table 39.4 Randomized studies of aspiration versus thoracic drainage for initial treatment of spontaneous pneumothorax

Author Year Ref. n Results

Harvey 1994 [32] 73 Success rate aspiration 80%, drain 100%
Hospital stay aspiration 3.2 days, drainage 5.3 days
No difference local recurrence

Andrivet 1995 [33] 61 Success rate aspiration 67%, drain 93% (p = 0.01)
No difference hospital stay and local recurrence after 3 months

Noppen 2002 [34] 60 Immediate success rate aspiration 59%, drain 64%
Success rate after 1 week aspiration 93%, drain 85%
Hospital admission aspiration 52%, drain 100%
Recurrence after 1 year aspiration 26%, drain 27%

Ayed 2006 [35] 137 Immediate success rate aspiration 62%, drain 68%
Success rate after 1 week aspiration 89%, drain 88%
Recurrence after 1 year aspiration 22%, drain 24%
Recurrence after 2 years aspiration 31%, drain 25%

Ho 2011 [36] 48 No difference failure rate aspiration—draina

Complete expansion at first review aspiration 4%, drain 24%
Hospital admission aspiration 52%, drain 28%
Equal pain and satisfaction scores and complication rates

Parlakb 2012 [37] 56 Immediate success rate aspiration 68%, drain 81%
Success rate after 2 weeks aspiration—drain 100%
Hospital stay aspiration 2.4 days, drain 4.4 days p = .02
Recurrence after 1 year aspiration 4%, drain 13% p = .37

a  Drain = minichest tube + Heimlich valve.
b  Also traumatic pneumothorax included.

Table 39.5 Initial treatment options for spontaneous 
pneumothorax

Observation (grade of recommendation 1C)
 No significant dyspnea
 <20% pneumothorax
Aspiration (grade of recommendation 1B)
 Significant dyspnea
 >20% pneumothorax
Thoracic drain (grade of recommendation 1C)
 Age >50 years
 COPD
 Recurrent or bilateral pneumothorax
 Initial aspiration >2.5 L of air
 Associated pleural effusion
 Ventilated patients

Source:  Adapted from Van Schil PE et al., Monaldi Arch Chest Dis, 
63, 204–212, 2005. With permission.

Table 39.6 Indications for invasive treatment (grade of 
recommendation 1C)

Recurrent or persisting pneumothorax
Persisting air leak or bronchopleural fistula >5–7 days
Failure of lung re-expansion despite chest tube drainage
Hemopneumothorax
Bilateral pneumothorax
First contralateral pneumothorax
Professions at risk (aircraft personnel, divers)
Pregnancy

Source:  Adapted from Van Schil PE et al., Monaldi Arch Chest Dis, 
63, 204–212, 2005. With permission.
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recent BTS guidelines and cannot yet be considered stan-
dard treatment.5,41 Moreover, recurrence rate in the stan-
dard treatment was much higher than generally reported.41

In case of secondary spontaneous pneumothorax tho-
racic drainage and recurrence prevention are indicated 
in every patient due to the higher recurrence rate and 
increased mortality associated with recurrent spontane-
ous pneumothorax.26 If an experienced thoracic surgeon 
is not available or in case patient refuses an operation or 
the operative risk is too elevated, chemical pleurodesis by 
instillation of a pleural irritant into the thoracic drain or 
by pleuroscopy under local anesthesia is an alternative to 
invasive surgical treatment. However, patients with bullae 
> 2 cm have a greater risk of treatment failure.42 Several 
sclerosing agents are available. In an evidence-based 
review talc was found to be the most e�cient drug to 
obtain de�nitive pleurodesis.43 Moreover, talc is cheap but 
the optimal dosage remains to be determined. Talc instil-
lation carries a low risk but severe complications as pulmo-
nary edema, acute respiratory distress syndrome (ARDS) , 
and hypotension have been reported.44,45 In an experimen-
tal study in the rat, rapid absorption of talc from the pleu-
ral space with a subsequent systemic distribution has been 
described which might explain the systemic complica-
tions.46 However, size of the talc particles seems important, 
smaller particles inducing more systemic complications. 
In a recent prospective European multicenter study thora-
coscopic pleurodesis with 2 g of graded talc consisting of 
large particles was found to be safe a�er a 30-day observa-
tion period.47 Talc induces an in�ammatory reaction on 
the pleural surfaces, which is rather painful in the majority 
of patients requiring adequate analgesia, in some instances 
even by a thoracic epidural catheter. In case of failure of 
talc pleurodesis, a subsequent surgical procedure becomes 
more di�cult due to di�use bleeding from the in�amed 
pleural surfaces which may be di�cult to control. Other 
used pleurodesis agents include tetracycline, minocycline, 
doxycycline, and also iodopovidone.5,48 In a comparative, 
randomized study including 73 patients with pleural e�u-
sion or spontaneous pneumothorax talc and iodopovidone 
were found to be equally e�cient and safe.48 Only minor 
side-e�ects were observed consisting of fever and chest 
pain without any  di�erence between both groups.

In general, chemical pleurodesis is usually reserved for 
patients presenting a high operative risk or who refuse 
an operation.5 For the other patients an invasive surgical 
 procedure is preferred.

 TREATMENT OF PNEUMOTHORAX BY 
VIDEO-ASSISTED THORACIC SURGERY

With the introduction of video-assisted thoracic surgery 
(VATS) in the early 1990s, the interest in early de�nitive 
treatment of spontaneous pneumothorax was rekindled to 
avoid a large lateral thoracotomy incision and to obtain a 
minimally invasive treatment for pneumothorax. �ere is 

a di�erence between a so-called medical pleuroscopy per-
formed by pulmonary physicians and a VATS procedure. 
Medical pleuroscopy is o�en done under local anesthe-
sia and is limited to an intervention on the pleural space. 
A  chemical pleurodesis is easy to perform under direct 
vision. In contrast, a VATS procedure requires general anes-
thesia with double lumen intubation and single lung venti-
lation. In this way, also an intervention on the lung itself is 
possible as, e.g., a bullectomy with the aid of endostaplers. 
Many series have been published on VATS treatment for 
pneumothorax. �e most recent ones are summarized in 
Table 39.7.49–66 However, evidence from large randomized 
trials is lacking; so, the results of these studies should be 
interpreted with caution.

How long should chest drains be le� in place a�er VATS 
pleurodesis for primary spontaneous pneumothorax? �is 
question was addressed in a recent best evidence topic.67 
Due to the absence of adequate trials addressing early versus 
late chest drain removal, no �rm recommendations can be 
made and the authors conclude that the decision to remove 
the drains should be made on an individual basis.68

Treatment of lung

Although the exact cause of a pneumothorax remains 
unknown, most authors advocate the resection any blebs 
or bullae that are visible during VATS, although there is no 
level A evidence to support this. However, Naunheim has 
demonstrated that the recurrence rate drops from 20% to 
1.5% when a resection of bullae is performed.68 O�en endo-
staplers are used for this (Figure 39.4a and b). Cheaper alter-
natives include the use of endoloops or endoscopic sutures. 
Small blebs can be coagulated which is not applicable for 
large bullae due to frequent recurrences.

Treatment of parietal pleura

For recurrence prevention the parietal pleura should be 
treated to obliterate the pleural space, especially in the  apical 
part where most blebs and bullae occur. In a comparative 
but nonrandomized study, Horio has shown that the recur-
rence rate diminished from 16% to 1.9% when a pleurode-
sis is added to the bullectomy.54 Many possible techniques 
have been described, the most utilized being pleurectomy 
and mechanical pleurodesis. �ere are no large prospective 
randomized studies comparing these techniques or com-
paring VATS to medical pleuroscopy with talc poudrage. In 
1996, a retrospective study was published comparing di�er-
ent techniques in 1365 VATS procedures.69 Recurrence rate 
was 0% a�er talc instillation but this technique was only 
applied in 15 patients, 2.7% a�er coagulation, 4.4% a�er 
pleurectomy, 7.9% a�er pleural abrasion, 10.2% without 
pleurodesis, and 16.4% a�er injection of �brin glue. Due to 
its  retrospective nature no �rm conclusions can be drawn. 
�e studies listed in Table 39.7 show recurrence rates of 
0.8%–9.2% a�er  pleurectomy, of 2.1%–9.4% a�er abrasion, 
of 1.9% a�er coagulation, and 1.8% a�er talc injection.
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Figure 39.4 (a) Bullous disease of right middle lobe. (b) Bullae resected with endostaplers by video-assisted  thoracic 
 surgery (VATS) (same patient as Figure 39.3).

(a) (b)

Table 39.7 Recent studies on treatment of pneumothorax by VATS

Author Year Ref. Evidence n Type of 
procedure

% Recurrence

Waller 1999 [49] C 180 bull, pl 6.6
Liu 1999 [50] C 757 bull, pl, abr, 

chem.
2.1

Ohno 2000 [51] C 424 bull, abr 9.4
Cardillo 2000 [52] C 153 bull, pl 9.2

279 bull, talc 1.8
Chan 2001 [53] C 82 bull, abr 5.7
Horio 2002 [54] C 50 bull 16.0

53 bull, coag 1.9
Onuki 2002 [55] C 59 (SSP) bull 1.7
Roviaro 2002 [56] C 171 bull, pl 0.8
Sawabata 2002 [57] C 99 bull 10.1
Casadio 2002 [58] C 133 bull, abr 3.8
de Vos 2002 [59] C 63(PSP) bull, pl, abr 4.8

13 (SSP) bull, pl, abr 7.7
Lang-Lazdunski 2003 [60] C 182 bull, abr 3
Freixinet 2004 [61] B 46 bull, abr 4.3
Sawada 2005 [62] C 281 bull (apical pl 

when 
multiple)

11.7

Ben-Nun 2006 [63] C 58 bull, abr 3
Bobbio 2006 [64] C 70 coag Argon 10.7

67 abr Marlex 3.4
Chen 2012 [65] A 80a bull + apical 

pl
3.8

80a bull + abr/
minocycline

3.8

Lee 2013 [66] C 128 bull, abr 11.7
129 bull, abr + 

PGA sheet
3.9

Source: Adapted from Van Schil PE et al., Monaldi Arch Chest Dis, 63, 204–212, 2005. With permission.
Abbreviations: PSP, primary spontaneous pneumothorax; SSP, secondary spontaneous pneumothorax; abr, abrasion; bull, bullectomy or 
 resection blebs; chem., chemical pleurodesis; coag, coagulation; PGA, polyglycolic acid; pl, pleurectomy.
a  Patients with no blebs or multiple blebs (≥3).
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In a prospective study, 160 patients with primary spon-
taneous pneumothorax having a high risk of recurrence 
de�ned as no identi�able blebs or multiple blebs (≥3) were 
randomized a�er stapled bullectomy between apical pleu-
rectomy and pleural abrasion with minocycline.65 A�er a 
mean follow-up of 26 months local recurrence rate was 3.8% 
in both groups.

Although the best results are obtained a�er total pleu-
rectomy, this technique makes the hemithorax inaccessible 
when a new intervention is required later in life. For this 
reason most authors advocate an apical, partial pleurectomy 
and a mechanical pleurodesis down to the diaphragm, tech-
nique which is also utilized in our center (grade of recom-
mendation 1C).

 VATS: PRIMARY VERSUS SECONDARY 
SPONTANEOUS PNEUMOTHORAX

Most of the studies on VATS for pneumothorax were 
 performed for primary spontaneous pneumothorax. 
Reports on secondary spontaneous pneumothorax 
treated by a VATS approach are less frequent and show 
a recurrence rate between 0% and 8%.70–73 Especially in 
these patients a spontaneous pneumothorax may induce 
severe distress due to a limited pulmonary reserve. 
Advantages of VATS  versus thoracotomy in patients with 
 secondary spontaneous pneumothorax probably include 
less  postoperative pain, a shorter hospitalization time 
and less  pulmonary  dysfunction although this has not 
been clearly  demonstrated. In contrast, the incidence 
of  complications a�er a VATS procedure for secondary 
spontaneous pneumothorax varies between 25% and 
77%, which is much higher than for primary spontaneous 
pneumothorax where the percentage of reported compli-
cations lies between 3.2% and 25.4%.70–73 In patients with 
a poor  pulmonary function who cannot tolerate single 
lung ventilation a thoracotomy is indicated (grade of 
 recommendation 1C).

VATS VERSUS THORACOTOMY

Four prospective studies compare a VATS procedure with a 
lateral or limited axillary thoracotomy. Waller published a 
randomized study of 60 patients treated for a pneumothorax 
by thoracoscopy or lateral thoracotomy.71 In the VATS group 
there was less pulmonary dysfunction, less pain and a shorter 
hospitalization time compared with the thoracotomy group.

Kim completed a prospective trial in 66 patients com-
paring VATS with a limited axillary thoracotomy.74 �is 
was a nonrandomized trial as the choice of approach was 
made by the patients themselves. �ere was no signi�cant 
di�erence between both groups regarding the duration of 
intervention and chest tube drainage, need for analgesics 
and recurrence rate.

A third prospective and randomized study compared 
VATS with axillary thoracotomy in 90 patients.61 Speci�c 

factors studied were postoperative blood loss, lung function, 
postoperative pain, and use of analgesics, postoperative 
complications, duration of hospital stay, and resumption of 
normal activity. �ere were no signi�cant di�erences for any 
factor studied; so, VATS seems to be equally e�ective as a 
limited axillary thoracotomy (level of evidence B). However, 
with a minimum follow-up of 2 years the recurrence rate 
a�er VATS was 4.3% and a�er a limited thoracotomy 0%.61

Lastly, 66 consecutive patients with recurrent spontane-
ous pneumothorax were randomized between a two-port 
VATS procedure and axillary minithoracotomy.75 Operative 
time was signi�cantly longer with VATS but there was no 
di�erence in complication rate, chest tube duration, hos-
pital stay, and incidence of chronic pain. However, patient 
satisfaction scores were better for VATS.75

Also VATS treatment is in constant evolution by per-
forming the procedure by a limited number of ports or even 
in awake patients under thoracic epidural anesthesia, as 
reported by Foroulis and Pompeo, respectively.75,76

However, it should be indicated that three meta- 
analyses found a higher recurrence rate with VATS 
 compared with open thoracotomy.77–79 In the most 
recent one, the  relative risk of recurrence of VATS was 
4.731  compared with open thoracotomy (p < .001) and 
the  relative risk of pleural  abrasion compared with 
 pleurectomy was 2.851 (p = .22).78 However, many  thoracic 
surgeons  prefer the VATS approach as it is less invasive, 
less painful, and  associated  with a shorter hospital stay 
(grade of  recommendation 2C).

 COST OF VATS VERSUS OPEN 
PROCEDURE

Only few manuscripts discuss the cost issue of a VATS 
approach and compare it with an open intervention. In 
a  retrospective study cost was analyzed in 60 patients 
with a primary or secondary spontaneous pneumotho-
rax undergoing a VATS approach or thoracotomy.80 In 
each group there were 30 patients. Multiple interven-
tions were  performed ranging from bullectomy associ-
ated with  pleurectomy to simple pleural abrasion. Patients 
approached by a thoracotomy were operated before 1991 
and those having a VATS procedure a�er 1991. Compared 
with a limited thoracotomy, the duration of intervention, 
thoracic drainage, and hospitalization time was shorter in 
the VATS group. Total cost of VATS was 22.7% less than 
of an open procedure. Rather surprisingly, in the VATS 
group the cost of the video-equipment was not calcu-
lated.81 Moreover, in both groups numbers were small and 
patient population was heterogeneous: a secondary spon-
taneous pneumothorax was present in 40% in the thora-
cotomy group compared with 26.7% in the VATS group. 
Bullectomy and pleurectomy were more o�en performed in 
the thoracotomy group suggesting more extensive bullous 
disease, which could already induce a longer hospital stay 
in this group. One patient died in the thoracotomy group 
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a�er a prolonged stay. �is could already in�uence hospital 
stay and cost. Recurrent  pneumothorax was also more fre-
quent in the VATS group (6.6%) than in the thoracotomy 
group (0%) although in the VATS group the follow-up time 
was shorter due to the fact that these patients were operated 
in a later time period.

In the previously mentioned study by Kim compar-
ing VATS with axillary thoracotomy, cost was also ana-
lyzed.74 Due to the frequent use of disposable instruments, 
 especially endostaplers, the cost was higher in the VATS 
group.

In another retrospective study, cost was analyzed in 
50 patients operated on for spontaneous pneumothorax, 
22 having a VATS procedure and 28 a limited axillary 
 thoracotomy.82 �ere was no di�erence in operating time, 
but the overall length of stay was shorter in the VATS group. 
However, the overall cost of VATS was not di�erent from a 
limited thoracotomy. In this study, socioeconomic cost was 
also calculated and it was found to be lower in the VATS 
group as the latter missed signi�cantly less time from work 
postoperatively. �e authors concluded that VATS was a 
cost-e�ective procedure which was also better tolerated 
than an open technique.

In the series of Pompeo, overall costs of awake VATS 
were less than of VATS under general anesthesia, but the 
overall number of patients was small.76

Due to the lack of well-designed, large prospective 
 randomized studies, only level C evidence is present regard-
ing the cost issue. However, it is clear that VATS has a higher 

initial cost due to the equipment itself and use of  disposable 
instruments. Whether this is o�set by a more rapid discharge 
and return to economic activity remains to be proven.83

Regarding the previously mentioned task force of the 
European Respiratory Society, consensus was reached that 
the treatment approach should be driven by symptoms 
rather than the size of the pneumothorax.9 In case of per-
sistent or recurrent pneumothorax pleurodesis by talc, pou-
drage is considered to be safe, provided calibrated talc is 
used. �e task force agreed that in case of visible rupture of 
the visceral pleura the patient is referred for surgical treat-
ment with resection of the leaking pulmonary parenchyma. 
Although it is acknowledged that recurrence rate may be 
higher a�er VATS, this approach is preferred to thora-
cotomy as the latter represents a major incision in usually 
young patients.

CONCLUSIONS

Treatment of spontaneous pneumothorax remains contro-
versial due to the lack of level A evidence for most proce-
dures. Flow charts for treatment of primary and  secondary 
spontaneous pneumothorax are provided in Figures 39.5 
and 39.6.84 Level B evidence exists for  treatment of a pri-
mary spontaneous pneumothorax >20% where simple aspi-
ration is preferred as it can be performed in an ambulatory 
 setting. For a secondary spontaneous pneumothorax a more 

Size <20 Size >20 %

Observation

Air evacuation

1st episode 2nd or more episode

Recurrence prevention

Aspiration* Thoracic 

Success Unsuccessful Success Persistent
air leak

VATS*

†

Primary
spontaneous

pneumothorax

Chemical
pleurodesis

*Recommended, † in some cases indicated (e.g, bilateral pneumothorax, professions at risk)
VATS: Video-assisted thoracic surgery

Figure 39.5 Flow chart for primary spontaneous pneumothorax. (Adapted from Van Schil PE et al., Monaldi Arch Chest Dis, 
63, 204–212, 2005. With permission.)
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aggressive approach is warranted as a higher mortality can 
be anticipated. Regarding recurrence  prevention, the opti-
mal technique remains to be determined. VATS provides an 
attractive surgical method due to its superior visualization 
of the thoracic cavity and possible interventions, as well on 
the lung parenchyma itself as on the parietal pleura, result-
ing in an adequate obliteration of the pleural space.
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KEY POINTS

Non-Iatrogenic Traumatic Pneumothorax:
 ● Pneumothorax ranks second to rib fractures as the most common manifestation of chest injury.
 ● Twenty-nine percent to 72% of traumatic pneumothoraces may be occult emphasizing the need for a chest CT for 

diagnosis that may reveal other abnormalities including hemothorax.
 ● �e presence of subcutaneous emphysema in a trauma patient should prompt consideration of an occult 

pneumothorax.
 ● Traumatic pneumothoraces usually require placement of a chest tube although carefully selected patients may be 

observed closely.
 ● A traumatic pneumothorax in a mechanically ventilated patient should generally prompt placement of a chest tube.

Iatrogenic Pneumothorax:
 ● �e most common causes of iatrogenic pneumothorax are transthoracic needle lung biopsy, subclavian vein cath-

eterization, thoracentesis, transbronchial lung biopsy, pleural biopsy, and mechanical ventilation.
 ● Iatrogenic pneumothorax should be considered in any patient with deteriorating cardiopulmonary status a�er a 

procedure, even several days a�er the procedure.
 ● Smaller targeted lung lesions and greater lesion depth during transthoracic lung biopsy pose increased risks for an 

iatrogenic pneumothorax.
 ● Mortality risk is 2.6 times greater in patients sustaining an iatrogenic pneumothorax in the intensive care unit 

(ICU) setting versus those without an iatrogenic pneumothorax. Associated risk factors for developing an iatro-
genic pneumothorax in the ICU include a history of AIDS, diagnosis of acute respiratory distress syndrome or 
cardiogenic pulmonary edema on admission, and placement of a central venous catheter or use of an inotropic 
agent within the �rst 24 hours of admission.
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INTRODUCTION

Pneumothorax continues to be subdivided into spontane-
ous and traumatic.1–3 Chapter 39 dealt with spontaneous 
pneumothoraces. Spontaneous pneumothoraces occur 
without preceding trauma or obvious underlying pre-
cipitating cause and are classi�ed as primary (no clear 
underlying lung disease) and secondary (an underlying 
causal lung disease present). �is chapter will focus on 
traumatic and tension pneumothoraces. Traumatic pneu-
mothoraces can be subdivided into non-iatrogenic and 
iatrogenic. Non-iatrogenic pneumothoraces occur as a 
result of direct or indirect trauma, generally to the chest, 
unrelated to any medical procedure. Traumatic pneumo-
thoraces resulting from medical interventions are termed 
iatrogenic pneumothoraces (IPs). Tension pneumothorax 
may occur with any of the aforementioned categories of 
pneumothorax.

 NEW DIRECTIONS IN PNEUMOTHORAX

DIAGNOSTIC DEVELOPMENTS

�e use of ultrasound in evaluation of pneumothorax 
continues to emerge and may be the procedure of choice 
in places where there is expertise available.4 �e British 
�oracic Society (BTS) Guideline states that, wherever 
possible, site selection for all pleural aspiration should be 
ultrasound-guided.5

A systematic review and meta-analysis by Alrajhi et al.4 
compared lung ultrasonography and supine chest radiog-
raphy. �ey report that ultrasonography was 90.9% sensi-
tive and 98.2% speci�c for the detection of pneumothorax 
compared to chest radiography that had a sensitivity and 
speci�city of 50.2% and 99.4%, respectively. �ey concluded 
that lung ultrasonography is superior to supine chest radi-
ography for the detection of pneumothorax. An earlier 
meta-analysis by Ding et al.6 revealed similar data; how-
ever, they also highlight that operator skill is key to suc-
cessful ultrasonography. Ultrasonographers must be skilled 
in the general knowledge regarding ultrasound and the 
associated devices, ultrasound indications, and limitations 

especially as it relates to some disease processes.7 Additional 
 information regarding ultrasound use speci�c to traumatic 
and iatrogenic pneumothoraces is discussed in further 
detail later in “Clinical presentation” and “Clinical presen-
tation and diagnosis”.

THERAPEUTIC DEVELOPMENTS

Reports of autologous blood patch pleurodesis as treatment 
for persistent pneumothorax-related air leaks are increas-
ing. A recent review article by Manley et al.8 provides a sum-
mary of currently available studies. Most studies involve 
pneumothoraces that were spontaneous (primary and sec-
ondary), due to surgical lung resection, or iatrogenic.8 �e 
authors note blood patch pleurodesis, despite some associ-
ated controversy, to be e�cacious, simple to use, and cheap 
but with many questions yet unanswered.8

Notably, a retrospective study by Wagner et al.9 assessed 
IP management a�er computed tomography (CT)-guided 
lung biopsy. �ey compared IP treatment with simple aspi-
ration versus blood patch. Intervention for IP was neces-
sary for 45 of 463 patients (9.7%). Nine of these 45 patients 
required immediate chest tube placement and admission. Of 
the remaining 36 patients, 3 (8.3%) had chest tubes placed 
at discretion of the physician. �e remaining 33 had man-
agement divided between simple aspiration (15) and blood 
patch (18). Four of the failed simple aspiration patients 
were successfully treated with blood patch. Nineteen of the 
22 (86.4%) IP patients were treated successfully with blood 
patch and discharged home. Seven of the 15 (46.7%) simple 
aspiration patients were treated successfully and discharged 
home. �e authors conclude that aspiration with pleural 
blood patch is superior to simple aspiration alone reducing 
the need for chest tube placement and hospital admission in 
this patient population.9 More prospective data are needed as 
many questions persist including the amount of autologous 
blood used and the correct procedure for blood instillation.

AMBULATORY TREATMENT

Observation and simple aspiration may be successful in 
managing selected patients with an IP.10 However, given the 
variety of commercially available small-bore catheters,11 
(that can be attached to a Heimlich valve [HV] or similar 
one way valve device), incorporating such a small-bore 

 ● Simple observation or the placement of a small-bore chest tube may be used to treat iatrogenic pneumothorax. 
Use of a chest tube for iatrogenic pneumothorax treatment is preferred for larger pneumothoraces, symptomatic 
patients, in patients with underlying COPD, and possibly in mechanically ventilated patients.

Tension Pneumothorax:
 ● Tension pneumothorax may occur with spontaneous and traumatic pneumothoraces. However, mechanically ven-

tilated patients more commonly have tension pneumothorax.
 ● Tension pneumothorax is an emergent problem preferably diagnosed clinically and treated promptly by placement 

of a drainage catheter. Waiting for con�rmatory chest radiograph increases mortality.
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catheter instead of simple aspiration is recommended where 
drainage is deemed necessary. Other commercially pack-
aged alternatives containing a catheter and one-way valve 
system in one unit are also available and noted to be success-
ful in IPs (TRU-CLOSE™ �oracic Vent; Davis and Geck, 
Wayne, NJ).12 Caution is urged when incorporating an HV, 
or similar one-way valve device, particularly for patients 
discharged to home. Clear instructions regarding device 
orientation to ensure air�ow out of the chest and regarding 
device maintenance are requisites to prevent complications 
including tension pneumothorax.13,14

An extensive recent review article by Brims and 
Maskell15 evaluates the evidence for ambulatory treatment 
in the management of pneumothorax using an HV. �ey 
reviewed 18 studies that reported HV use in 1235 patients 
that included 413 cases of primary spontaneous pneu-
mothorax  (PSP), 579  cases of secondary spontaneous 
 pneumothorax (SSP), and 243 cases of IP. �e authors con-
clude that high-quality data supporting the use of HV for 
ambulatory treatment is limited. However, use of an HV 
for ambulatory treatment may improve patient comfort, 
 mobility, and avoid additional procedures and hospitaliza-
tion. Further study is required to �rmly establish appropri-
ate ambulatory options including the use of an HV.

 NON-IATROGENIC TRAUMATIC 
PNEUMOTHORAX

INCIDENCE/EPIDEMIOLOGY

Trauma-related deaths exceed 50,000 per year in the United 
States. Chest trauma is causal in 25% of these deaths and 
plays a signi�cant role in an additional 50%. Pneumothorax 
ranks second to rib fractures as the most common mani-
festation of chest injury and may be noted in 40%–50% of 
patients with chest trauma.16–18 Traumatic pneumothorax 
may also present a�er blunt trauma to the abdomen.16,18 At 
least 20% of traumatic pneumothoraces have an accompa-
nying hemothorax.19

CLASSIFICATION

Traumatic pneumothoraces are classi�ed by mechanism 
of injury into penetrating and non-penetrating (blunt).2 
�e object penetrating the chest disrupts the visceral pleu-
ral surface prompting pleural air entry or allows air entry 
through the breached chest wall. �e etiology of pneumo-
thorax arising from blunt chest trauma is less apparent in 
the absence of a rib fracture lacerating the visceral pleura. 
Blunt chest trauma may prompt abrupt alveolar pressure 
elevations causing alveolar rupture. Air may then dis-
sect into the lung interstitium and then to the visceral 
pleural or the mediastinal pleural surface. Rupture of 
either the visceral or mediastinal pleura may then cause 
a pneumothorax.

CLINICAL PRESENTATION

Up to 6% of traumatic pneumothoraces present with 
 tension.20 Alternately, a substantial number of traumatic 
pneumothoraces may be occult, not seen on an initial chest 
radiograph but found by additional imaging. �e propor-
tion of trauma-related pneumothoraces that are occult com-
pared to those seen on chest radiograph ranges from 29% to 
72%,21,22 emphasizing the need for a high index of suspicion 
and incorporating early routine CT in all chest and multi-
trauma patients.19 In a retrospective study of prospectively 
gathered data within a structured trauma patient registry, 
subcutaneous emphysema, pulmonary contusion, and rib 
fracture(s) were identi�ed as independent predictors of an 
occult pneumothorax.22 However, a subsequent prospec-
tive study revealed that only subcutaneous emphysema is 
an independent predictor of occult pneumothorax23 with 
15% of patients with occult pneumothorax having subcuta-
neous emphysema. Notably, all patients with subcutaneous 
emphysema had an underlying overt or occult pneumotho-
rax.23 Such predictive factors may be moot as CT scanning 
is frequently utilized in trauma patients today. CT evalu-
ation detects other abnormalities in addition to pneumo-
thorax including lung contusion, diaphragmatic rupture, 
and hemothorax leading to an alteration in patient care 
in up to 41% of cases.19 Pneumothorax detection is critical 
given concerns for progression particularly if the patient 
is mechanically ventilated or anesthesia becomes neces-
sary.17,18,21,22 Consideration and evaluation for disruption of 
major airways should be considered in the traumatic pneu-
mothorax patient, o�en with a persistent air leak, whose 
condition deteriorates out of proportion to the �ndings on 
the chest radiograph or physical examination.24,25

Data regarding the use of lung ultrasound in trauma 
continue to evolve.26 Soldati et al. conducted a prospective 
study comparing lung ultrasound and chest radiography. 
Spiral CT scan �ndings were considered the gold standard 
for diagnosis. Of the 25 pneumothoraces detected by CT, 
chest radiography detected 13 (52%) and lung ultrasound 
detected 23 (92%). Chest radiography sensitivity and speci-
�city were 52% and 100% respectively, whereas, lung ultra-
sound had a sensitivity and speci�city of 92% and 99.4%, 
respectively.27 A review by Wilkerson and Stone revealed 
similar results revealing sensitivity and speci�city of lung 
ultrasound of 86%–98% and 97%–100%, respectively. 
Supine chest radiography sensitivity and speci�city were 
28%–75% and 100%, respectively.26 Ball and colleagues rec-
ommend lung ultrasonography in their review as part of the 
bedside extended focused assessment with sonography for 
trauma (eFAST) examination and incorporating it into the 
diagnostic algorithm for chest trauma.28

Lung ultrasound use in determining timing of chest tube 
removal has been evaluated. Dente and colleagues’ study of 
14 patients notes that lung ultrasonography was very accu-
rate in detecting the presence of pneumothorax during the 
�rst 24 hours a�er tube thoracostomy placement; however, 
that accuracy decreased over time.29 However, a study by 
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Kwan and colleagues of 33 patients revealed that  ultrasound 
in the fourth and ��h intercostal spaces was accurate in 
evaluating timing for tube thoracostomy removal. �e 
accuracy of ultrasound to detect pneumothorax appeared 
preserved over a range of two to nine days.30 Reasons for dif-
fering results in these two prospective studies are unclear, 
and further study is needed.

In sum, lung ultrasound for pneumothorax evalua-
tion in trauma patients is an excellent tool; however, more 
data are needed before this procedure is de�nitively rec-
ommended as the procedure of choice in lieu of chest 
radiography.

TREATMENT/MANAGEMENT

Generally, traumatic pneumothoraces have been treated 
with placement of a chest tube.17,31 �is approach remains 
the subject of debate and scrutiny in the setting of both non-
occult and occult traumatic pneumothoraces.17,20–22,31,32

 Non-occult traumatic pneumothoraces

Conservative management, i.e., observation without chest 
tube placement, has been reported in selected patients 
sustaining non-occult traumatic pneumothoraces with a 
 failure rate of 7%–9%.20,31 Johnson retrospectively reported 
29 patients, with minimal-, small-, or moderate-size 
 traumatic pneumothoraces managed without drainage; 
two patients (6.9%) required chest tube drainage due to 
asymptomatic radiographic pneumothorax enlargement. 
Johnson emphasized that drainage is mandatory when posi-
tive pressure ventilation is required or the patient sustains 
respiratory compromise from lung collapse.31 Knottenbelt 
and van der Spuy prospectively limited chest tube place-
ment in 804 traumatic pneumothorax patients (n = 645, 
penetrating knife wounds) to the following: those with a 
signi�cant pneumothorax by chest radiograph (>1.5 cm 
lung collapse, arbitrarily selected); smaller pneumothoraces 
if bilateral; patients requiring mechanical ventilation; and 
if the patient’s respiratory reserve was limited for any rea-
son. Forty-one percent (n = 329) of patients met criteria for 
conservative management; 29 of these 329 patients (8.8%) 
treated conservatively required chest tube placement for an 
enlarging pneumothorax.20 Only four of the 804 patients 
su�ered a gunshot wound and all patients were observed in 
hospital.

Occult traumatic pneumothoraces

Occult pneumothoraces may also be successfully treated 
conservatively, arguably, even in the setting of positive pres-
sure mechanical ventilation. However, the risk of failure with 
a conservative approach appears signi�cant. Bridges and 
colleagues noted that of 25 patients with occult traumatic 
pneumothoraces treated conservatively (none intubated), 
�ve (20%) required chest tube placement due to respira-
tory distress, hemodynamic instability, or  pneumothorax 

 progression. Further, in this retrospective study, all occult 
pneumothorax patients requiring intubation (an additional 
10 patients) were, by preference, treated with a chest tube.18 
Enderson and colleagues’ prospective study of 40 trauma 
patients sustaining occult pneumothorax randomized to 
chest tube placement (n = 19) or observation (n = 21) noted 
that 8 of the 21 (38%) patients conservatively managed had 
pneumothorax progression with mechanical ventilation 
with 3 of the 8 (38%) developing tension.17 �e authors con-
clude that patients with traumatic occult pneumothoraces 
requiring positive pressure ventilation should have a chest 
tube placed.

By contrast, a retrospective study of occult pneumotho-
rax supports the safety of withholding immediate chest tube 
placement in 13 of 26 patients treated conservatively.32 Six of 
these conservatively managed patients received intubation 
and positive pressure ventilation with one (17%) requiring 
chest tube placement. An additional patient initially receiv-
ing immediate chest tube placement removed his chest 
tube during mechanical ventilation and required emer-
gent replacement due to recurrent pneumothorax. Despite 
a nearly 20% complication rate in pneumothorax patients 
without chest tubes on mechanical ventilation, the authors 
conclude that their data do not support the use of prophy-
lactic chest tube placement before mechanical ventilation in 
patients with occult traumatic pneumothoraces.32

Brasel and colleagues also provide evidence regarding 
conservative management of CT-diagnosed occult pneumo-
thoraces even during mechanical ventilation.33 �e authors 
note no di�erence in complication rates in 39 patients with 
44 pneumothoraces prospectively randomized to chest tube 
placement (n = 18) versus observation (n = 21). Nine patients 
in each group were mechanically ventilated. Interestingly, 
the four patients in the chest tube group having pneu-
mothorax progression (three on mechanical ventilation) 
were not on pleural suction and had suction reinstituted 
as therapy for pneumothorax progression. Lack of suction 
may account for the reported pneumothorax progression. 
�ree of the observation group had pneumothorax progres-
sion, including two on mechanical ventilation. If the three 
patients, in the chest tube group on mechanical ventilation, 
had been maintained on suction and had no pneumothorax 
progression, the authors reported lack of di�erence in com-
plication rates between the two groups would disappear. 
Hence, this study does not provide de�nitive evidence for 
superiority of conservative management of occult traumatic 
pneumothoraces particularly in the presence of mechanical 
ventilation.

Ball and colleagues provide a large study of occult trau-
matic pneumothoraces revealing a preference for chest 
tube placement in occult pneumothorax patients that are 
mechanically ventilated.22 Paired chest radiographs and 
CT scans were available in 338 of 761 trauma patients 
(44%) (98.5% blunt trauma). One hundred and three pneu-
mothoraces were present in 89 patients, 57 (55%) of these 
pneumothoraces were occult. In this single-institution 
study, no speci�c protocol was in place prompting chest 
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tube placement. Twenty-three of 49 patients (47%) with an 
occult pneumothorax received a chest tube (28 French [F] 
in 33% and 32 F in 57%, p = .02). Occult pneumothoraces 
were found to be treated di�erently if the patients required 
mechanical ventilation. In the occult pneumothorax, non-
ventilated patient subgroup 10 of 32 (31%) received a chest 
tube compared to 13 of 17 (76%) of the subgroup being 
mechanically ventilated (p = .03). No di�erences in com-
plication rate were noted between the ventilated and non-
ventilated chest tube groups. Of the 4 of 17 (24%) ventilated 
patients and of 22 of 32 (69%) non-ventilated patients who 
were observed without chest tube insertion, 2 (8%) later 
required tube placement due to pneumothorax progression 
(1 patient each in the ventilated and non-ventilated group).

Retrospective review of Wilson and colleagues evalu-
ated tube thoracostomy versus observation in occult 
pneumothorax in blunt trauma patients.34 In 1881 blunt 
trauma patients, there were 307 pneumothoraces with 
68 of these being occult. �irty-�ve patients with occult 
pneumothorax  received tube thoracostomy while 33 were 
observed. Twenty-nine (82.8%) of the tube thoracostomy 
group received positive pressure ventilation compared to 
16  (48.4%) in the observation group. �ere were no dif-
ferences in injury severity score, mechanism of injury, 
or mortality for the two groups; however, length of stay 
was longer in the tube thoracostomy group. �ere were 
no tension pneumothoraces in either group and no pneu-
mothorax progression requiring tube thoracostomy in 
the observation group.33 Size of pneumothorax (min-
iscule, anterior, anterolateral) may be of importance as 
some classi�cation schemes support observation in small 
pneumothoraces.16,35

Most recently, a large prospective, observational, mul-
ticenter study con�rmed that most blunt trauma patients 
with an occult pneumothorax can be carefully observed 
without chest tube placement. Only 6% of 448 patients in 

the observation group failed observation requiring a chest 
tube for occult pneumothorax progression, respiratory dis-
tress, or subsequent hemothorax.36

Assimilating this information, chest tube placement in 
patients with traumatic pneumothoraces seems a reason-
able approach in many but not all patients (Figure 40.1). 
Such tubes may serve the purpose of treating the accom-
panying hemothorax found in 20% of cases.19 A�er initial 
chest radiographic and CT assessment of the chest, if the 
patient has a large pneumothorax (arbitrarily, greater than 
1.5 cm collapse of the lung from the parietal pleura seen 
by chest radiograph), hemodynamic or respiratory insta-
bility, or the presence of an accompanying hemothorax, a 
large-bore chest tube (28–32 F) should be strongly consid-
ered. If only a chest radiograph is available, the presence of 
subcutaneous emphysema should prompt consideration of 
an occult pneumothorax. A large-bore tube is suggested to 
e�ectively drain any potential blood or large air leak. If the 
pneumothorax is small (less than 1.5 cm collapse by chest 
radiograph) or occult by CT (minuscule or anterior) and 
the patient is hemodynamically and respiratory stable, very 
close in-hospital observation with a series of chest radio-
graphs may be pursued. However, if observation is used, 
signi�cant con�dence in those providing the monitoring is 
necessary. Until more high-quality data regarding positive 
pressure ventilation in traumatic pneumothoraces is avail-
able, prophylactic tube thoracostomy in this group may 
be prudent. Finally, a noteworthy trend in chest tube size 
selection for traumatic pneumothoraces may be developing. 
A retrospective study by Kulvatunyou and colleagues evalu-
ated small-bore catheter (14-F) placement in 9624 patients 
with traumatic pneumothoraces.37 Ninety-four patients 
were treated with small-bore catheters and 386 with tube 
thoracostomy. �e tube failure rate, de�ned as a need for 
an additional tube or recurrence that needed intervention, 
was 11% in the small-bore catheter group and 4% in the tube 

Traumatic pneumothorax suspected in a trauma patient*  

Chest radiograph (CXR) and computed tomography (CT) of the chest

CXR + CXR − / CT + (occult pneumothorax)

>1.5 cm size <1.5 cm size

Chest tube

Clinically stable

Observe in hospital

Clinically unstable

Chest tube

Minuscule/Anterior Anterolateral

Chest tube

Clinically stable

Observe in hospital

Clinically unstable

Chest tube

Figure 40.1 Management algorithm for suspected traumatic pneumothorax. *See text for details; +, positive; −, negative. 
Any patient requiring intubation and mechanical ventilation should prompt strong consideration for chest tube placement.
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thoracostomy group (p = .06). Given the increasing use of 
small-bore catheters in pleural disease management, a pro-
spective study is needed to further de�ne their role in trau-
matic pneumothoraces.

PERSISTENT AIR LEAKS AND SURGICAL 
MANAGEMENT

Air leaks accompanying a traumatic pneumothorax stop 
within 12 hours in approximately 80% of patients hav-
ing a chest tube placed. Of 504 traumatic pneumothora-
ces receiving chest tube drainage, one patient required 
urgent thoracotomy for massive air leak, six underwent 
thoracotomy for persistent air leak while in hospital and 
another two patients required readmission and thoracot-
omy due to recurrent pneumothorax (9 of 504, 1.8%).20 
Twenty of 379  patients (5.3%) su�ering traumatic chest 
injury required chest tube replacement a�er tube removal 
due to pneumothorax recurrence, as seen in the retro-
spective review of Etoch and colleagues.38 Helling and 
colleagues retrospectively report traumatic pneumotho-
rax recurrence a�er chest tube removal requiring tube 
replacement in 10 of 216 patients (4.6%).39 Using only 
the appearance of a recurrent pneumothorax a�er chest 
tube removal as marker of persistent air leak, persistent 
air leak occurrence appeared higher in the preceding two 
studies, 33 of 379 (8.7%) and 51 of 216 (23.6%) patients, 
respectively.38,39 �e necessity of chest tube replacement 
most likely re�ects the presence of a persistent air leak. By 
contrast, those patients that did not require tube replace-
ment likely had air that entered the pleural space during 
chest tube removal.

�e type and timing of surgical intervention for a per-
sistent air leak in traumatic pneumothorax are not abso-
lutely established. Carrillo and colleagues25 demonstrated 
the success of early video-assisted thoracoscopic surgery 
(VATS). Eleven traumatic pneumothorax patients with 
failure of lung re-expansion from an associated air leak 
and failure of radiographic pneumothorax resolution, 
within 72 hours, prospectively underwent bronchoscopic 
assessment for associated tracheobronchial injury and 
therapeutic VATS. Findings at operation contributing to 
persistent pneumothorax included retained hemothorax 
and lacerated lung (n = 5), lung herniation (n = 2), rup-
tured congenital blebs (n = 2), cavitation injury (n =  1), 
and unknown (n = 1). �e authors conclude based on 
presumed cost savings, reduced complications, improved 
patient comfort, and reduced hospital time, that early 
VATS should be the treatment of choice for traumatic 
pneumothoraces with a persistent air leak (>72 hours). 
A study by Divisi and colleagues also supports early 
VATS as an alternative to chest tube placement in stable 
trauma patients, especially in the setting of hemothorax 
and hemopneumothorax.40 Please refer to the discussion 
in “�erapeutic developments” regarding blood patch 
pleurodesis use for persistent air leaks.

FOLLOW-UP ISSUES

�e most common �ndings on prospective outpatient 
 follow-up of 530 traumatic pneumothorax patients in 
descending order of frequency are chest pain (n = 70, 
13.2%), residual air (n = 56, 10.6%), pyrexia (≥38°C, n = 54, 
10.2%), and atelectasis (n = 25, 4.7%). All other �ndings 
were ≤2.5%. Notably on discharge, 119 patients receiving 
chest tubes had minor residual air not requiring drain-
age a�er chest tube removal. Ten of the 56 patients seen 
during outpatient follow-up demonstrated air requiring 
drainage, with two requiring thoracostomy.20 In contrast, 
a retrospective review builds the case for not obtaining 
follow-up chest radiographs in selected patients during 
outpatient reassessment. One  hundred and ��y-�ve hos-
pitalized trauma patients requiring chest tube placement 
for traumatic pneumothorax (n  =  79, 51%), hemothorax  
(n = 28, 18%), and hemopneumothorax (n = 34, 22%), were 
reviewed. (Chest tubes were also placed for diaphragmatic 
rupture/ laceration [n = 8, 5%], post thoracotomy [n = 4, 3%], 
and  IP  [n =  2,  1%]). Of the 61 patients seen in outpatient 
follow-up with an accompanying chest radiograph, 92% 
(n = 56) were found to have no pneumothorax, 5% (n = 3), 
a small pneumothorax, and 3% (n = 2), a resolving pneu-
mothorax.41 �e authors conclude that a chest radiograph 
is not necessary in the asymptomatic trauma patient dur-
ing follow-up if the predischarge chest radiograph is nega-
tive for pneumothorax or hemothorax.41 However, patients 
with minor blunt chest trauma treated as outpatients (two 
or less rib fractures, <65 years of age, no lung or other sys-
tem injury) require close follow-up. Of 709 such patients,  
14 (1.8%) developed a delayed pneumothorax within  
48 hours and 52 (7.3%) developed a delayed hemothorax 
within 2 weeks. No surgical management for the delayed 
pneumothoraces was required; however, 42 (81%) of the 
delayed hemothoraces required chest tube placement.42

AIR TRAVEL

What advice should be given to a patient requesting to pur-
sue air travel a�er a traumatic pneumothorax? Cheatham and 
Safcsak’s prospective evaluation of 12 consecutive patients 
with recent traumatic pneumothorax notes that air travel 
appears safe 14 days following radiographic resolution of their 
pneumothorax.43 Of 10 patients waiting at least 14 days a�er 
radiographic resolution before commercial air travel, all were 
asymptomatic in �ight. One of two patients who �ew ear-
lier than 14 days developed respiratory distress suggestive of 
pneumothorax recurrence.43 �ese �ndings support the ear-
lier recommendations by the Aerospace Medical Association 
Air Transport Medicine Committee suggesting air travel 
should be safe 2–3 weeks a�er successful drainage of unspeci-
�ed types of pneumothoraces.44 Commercial airlines previ-
ously adopted a 6-week “no �y” rule between pneumothorax 
occurrence and air travel; however, this has been amended to 



Iatrogenic pneumothorax / Clinical presentation and diagnosis 505

a period of 1 week a�er full pneumothorax resolution as noted 
in the most recent BTS Guideline.45 Of note, no speci�c refer-
ence for this amended statement is provided in the guideline.

IATROGENIC PNEUMOTHORAX

INCIDENCE/EPIDEMIOLOGY

IPs occur commonly and their incidence is likely on the rise 
due to the ever-growing adoption of and evolution in inva-
sive diagnostic and supportive modalities. Steier and col-
leagues noted such an increase in IP in the early 1970s and 
attributed it to the use of volume-controlled ventilation and 
subclavian vein catheterization.46,47 With rising use of inva-
sive diagnostic and therapeutic interventions involving the 
neck, thorax, and abdomen, IP incidence continues to climb 
with ever increasing possible etiologies.48 Such diversity in 
etiology places a signi�cant responsibility on the physician 
to be suspicious for pneumothorax in any patient recently 
subjected to a diagnostic or therapeutic procedure involving 
the mouth, neck, chest, or abdomen.

Reported IP incidence and proportion in relation 
to traumatic and spontaneous pneumothoraces varies 
widely. Weissber and Refaely reported only 6% of hospital-
ized patients with pneumothorax as iatrogenic in origin 
with 60% being spontaneous, and 34% being traumatic, 
at a metropolitan medical center.49 In contrast, IP (106 of 
204 pneumothoraces, 52%) exceeded spontaneous (98 of 
204 pneumothoraces, 48%) at the Long Beach Veterans 
Administration Hospital.50 �e experience of the physicians 
performing various procedures also a�ects the IP as noted 
in central vein catheterization.51 �e variable incidence is 
also likely due to reporting institution type (academic or 
non-academic institution, trauma or non-trauma center), 
institutional utilization of various invasive procedures, and 
in- or out-patient management.

Despite the variability in reports, the six most com-
mon causes in 535 patients su�ering an IP in the Veterans 
Administration patient population in the early 1990s were 
transthoracic needle lung biopsy (24%), subclavian vein 
catheterization (22%), thoracentesis (20%), transbronchial 
biopsy (10%), pleural biopsy (8%), and positive pressure ven-
tilation (7%).52 Reported occurrence rates vary from ≤10% 
to 50% for transthoracic needle lung biopsy, <1% to >13% 
for central line placement, and 5% to 20% for thoracente-
sis and pleural biopsy. Mechanical ventilation and trans-
bronchial lung biopsy are other frequently reported causes2 
with reported occurrence rates of 1%–40% and <1%–3%, 
respectively.53 IP may be associated with signi�cant mor-
bidity, occasional mortality, and increased hospital stay and 
cost.50,53 Unfortunately, despite increased national emphasis 
and interest in patient safety,54 recent measures to reduce 
iatrogenic complications have not reduced the occurrence 
of IP. Resident work hour limits have not reduced the 

incidence of IP.55 Also, Veteran’s Administration system 
wide implementation of patient safety indicators including 
for IP actually resulted in increased rates of IP.56 �is may 
not re�ect worse care but increased reporting of IP.56

Duncan and colleagues report that implementing an 
improvement program including simulation training, 
ultrasound guidance, competency testing, and performance 
feedback can decrease the IP rate following thoracentesis.57 
By implementing this program, the IP rate decreased from 
8.6% to 1.1%. Of note, the number of thoracenteses per-
formed also increased a�er the institution of the improve-
ment program.57 Such an improvement process would likely 
positively impact any procedure that could be complicated 
by an IP.

 CLINICAL PRESENTATION AND 
DIAGNOSIS

�e patient’s clinical presentation depends on the patient’s 
underlying lung health, the inciting mechanism, and other 
surrounding circumstances prompting the development 
of the IP. �e poorer the patient’s underlying lung health, 
the greater the symptoms will be, even with a smaller size 
pneumothorax. Positive pressure  ventilation may drive 
the development of an IP rapidly and  predispose the 
patient to the development of a tension pneumothorax. 
Any signs or symptoms of respiratory  di�culty a�er a 
procedure should prompt an investigation for the devel-
opment of an IP.

�e Veteran’s Administration study52 of 535 IP found 
that, in most cases (96%), the clinical diagnosis was estab-
lished by a chest radiograph. In 5% of patients, the pneu-
mothorax was an incidental �nding on a chest radiograph 
obtained unrelated to the procedure precipitating the pneu-
mothorax. Twenty-eight percent were diagnosed from a 
combination of a chest radiograph and symptoms or physical 
�ndings suggestive of a pneumothorax. Symptoms included 
pleuritic chest pain and acute onset of dyspnea; physical 
�ndings included tracheal shi�, decreased breath sounds, 
and cutaneous crepitation. �e size of the pneumothorax 
appeared related to the procedure causing it. Transthoracic 
needle aspiration, pleural biopsy, thoracentesis, and trans-
bronchial biopsy were associated primarily with minimal to 
moderate size pneumothoraces. Alternately, nearly half the 
patients su�ering an IP due to positive pressure ventilation 
developed a large or tension pneumothorax.

�e chest radiograph arguably remains the key to diag-
nosis. However, initial post-procedure chest radiographs 
may not demonstrate an IP.52,58,59 In the setting of central 
line–related IP, delayed chest radiographic diagnosis of an 
IP ranges from 0.36%59 to 4%.60 Plaus reports a delay of 
8–96 hours in diagnosis. Such a delay may be related to poor 
quality of the initial post-procedure radiograph, small size 
of initial pneumothorax, slow pleural leak, or later intro-
duction of positive pressure ventilation in the face of earlier 
unrecognized pleural damage.58



506 Non-spontaneous pneumothorax

Ultrasound has a potentially greater role in diagnosis of 
IP. Shostak et al.61 report an observational cross-sectional 
study comparing lung ultrasonography and chest radiogra-
phy. Chest radiographs and pre- and post-procedure lung 
ultrasounds were performed in 185 patients. Chest radio- 
graphy revealed pneumothorax in 8 of the 185 patients, 
while ultrasonography detected 7 of these. However, ultra-
sound quality was limited in 43 of 185 patients. Although 
lung ultrasonography is a valuable tool for evaluation of 
post-procedure pneumothorax, operators must be adept at 
identifying patients who are at risk for limited-quality scans, 
including those with pre-existing lung disease (reduced 
lung sliding), pleural e�usions, obesity, and others.

In the setting of transthoracic needle aspiration, the 
role of a post-procedure chest radiograph is debatable but 
potentially important in detecting delayed pneumothora-
ces. Prospectively, each of 64 patients underwent a CT rei-
maging with two additional views immediately a�er needle 
biopsy, and an expiratory chest radiograph was obtained 
4 hours post procedure.62 Only 2 of 64 patients (3%) devel-
oped a delayed pneumothorax detected by the 4-hour post-
procedure chest radiograph. Only one of these two patients 
required chest tube drainage (1.5%). �e authors conclude 
that post-procedure chest radiographs should be omitted 
and instead state patients should be instructed on signs and 
symptoms of pneumothorax and seek medical attention if 
any of these occur.62 By contrast, Choi et al. report that 15 of 
458 patients (3.3%) undergoing transthoracic needle biopsy 
under �uoroscopic (n = 280), CT (n = 21), or ultrasound 
(n = 157) guidance developed a delayed pneumothorax 
(occurring ≥3 hours post procedure, range 5–120 hours) not 
detected on an immediate post-procedure chest radiograph. 
�ree of these 15 patients (20%) required tube drainage.63 
�e authors considered the incidence of delayed pneumo-
thorax and subsequent need for tube drainage clinically 
important.63

 RISK FACTORS FOR IATROGENIC 
PNEUMOTHORAX

Transthoracic needle aspiration, thoracentesis, and inten-
sive care setting–related IP have associated variables that 
may predict pneumothorax risk. Multiple studies have 
assessed potential risk factors associated with the develop-
ment of a pneumothorax a�er transthoracic needle biopsy 
(Table 40.1).10,63–71 Consistently, greater lesion depth is 
associated with a higher likelihood of an associated pneu-
mothorax.10,64–69,71 Smaller lesion size also appears to be a 
risk factor for pneumothorax.10,63,64,68 Less consistently, the 
presence of or severity of emphysema is reported as a risk 
factor for pneumothorax.63,64,67,69 Paradoxically, the num-
ber of needle passes10,64,67,68 and needle size64,67,68,70 are not 
associated with pneumothorax development. �e percent-
age of patients with a pneumothorax subsequently having 
a drainage tube placed or simple aspiration ranges from 
5%68 to 53%.66 �e incidence of post-biopsy pneumothorax 

does not appear to di�er whether using CT or �uoroscopy 
guidance.72 In addition, there is no di�erence in IP rates 
when comparing CT-guided lung biopsy using the coaxial 
and single-needle technique.69 Several studies have demon-
strated that placing the patient in the lateral decubitus posi-
tion with biopsy side down does not reduce the incidence of 
transthoracic needle biopsy–related IP.73–75

�e value of preoperative lung function, in the setting 
of transthoracic needle aspiration, predicting IP occur-
rence is debatable.62,76–79 �ree studies,62,65,78 including 
one likely su�ering beta error,62 have found no correlation 
between lung function �ndings compatible with obstruc-
tive lung disease and CT-directed needle biopsy IP rates. 
An early study by Poe and colleagues of �uoroscopically 
directed needle biopsy of lung lesions found a correlation 
between increased total lung capacity (a potential mea-
sure of obstruction) and pneumothorax occurrence.79 �e 
same data published in two venues noted a correlation of 
obstructive lung function changes and CT-guided needle 
biopsy-related pneumothorax.76,77 Obstructive lung dis-
ease predicted a 46% pneumothorax event rate compared 
to a 19% rate in patients with normal lung function76; the 
forced expiratory volume in 1 second (FEV1) was the most 
predictive single variable.77 Notably, the latter two stud-
ies obtained pulmonary function in only 35% of reported 
patients,76,77 raising the issue of study bias. However, a 
more recent study supported a lower FEV1 as predictive 
of IP occurrence in univariant but not multiple regression 
analysis.66

Regarding thoracentesis risk factors associated with IP, 
a systematic review and meta-analysis by Gordon et al.80 
reports that ultrasound use was associated with signi�-
cantly lower risk of IP. In a review by Daniels and Ryu,81 
thoracentesis-related IP risks include inexperienced opera-
tors, lack of ultrasound imaging, and large-volume aspira-
tion of �uid.

�e incidence of mechanical ventilation–related pneu-
mothorax has declined,50,52 likely secondary to newer 
modes of mechanical ventilation50 and lung protective ven-
tilation strategies in acute respiratory distress syndrome 
(ARDS).82,83 However, pneumothorax remains one of the 
most common iatrogenic complications in the intensive 
care unit (ICU).84 IP in the ICU occurs primarily as a com-
plication of volutrauma from mechanical ventilation or 
a�er a procedure.84 A large prospective observational study 
of 3430 patients in the ICU for more than 24 hours identi-
�ed associated risks for the development of IP in the ICU 
(Table 40.2).84 IP was seen in 94 patients (2.7%) within the 
�rst 30 days. �e most common causes of IP, in descending 
order, were barotrauma (n = 42), and invasive procedures 
including central venous catheter insertion (n = 28), thora-
centesis (n = 21), and other procedures in three. Mortality 
risk was 2.6 times greater in patients with IP versus those 
without (95% con�dence interval, 1.3–4.9). �e simpli�ed 
acute physiologic score (SAPS II) on the �rst ICU day was 
greater in patients su�ering an IP (p = .001).
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TREATMENT/MANAGEMENT

Current management of patients su�ering IPs is variable, 
with the development of treatment protocols complicated 
by inadequate monitoring and reporting of these iatrogenic 
events.53 Di�ering from spontaneous pneumothorax,1,85 
pneumothorax recurrence considerations are not an issue 
with patients su�ering an IP. Instead, treatment focuses on 
the least invasive intervention appropriate to the patient’s 
underlying lung health and associated clinical circum-
stances (Figure 40.2).
One text recommends observation and oxygen supple-
mentation for patients not mechanically ventilated with 

minimal symptoms and a limited (<15%) pneumotho-
rax. If a patient has more than minimal symptoms or a 
larger pneumothorax (>15%), simple aspiration is sug-
gested,2 although placement of small-bore chest tube 
with an HV is a reasonable alternative allowing possible 
ambulatory treatment.15 Given that the chest radiograph 
may be a poor guide to predicting pneumothorax size86 
and the formulas to calculate percent pneumothorax size 
can be cumbersome, a simpler approach may be useful. 
A measurement from the visceral to parietal pleural sur-
face as used in traumatic pneumothorax20 may be easier. 
Suggested size cut points outlined in the American College 
of Chest Physicians (ACCP) statement on management of 

Table 40.1 Potential risk factors associated with the development of a pneumothorax after transthoracic needle biopsy

First author, 
date

Study type N (biopsies 
or 

patients)

IP (N, %) Lesion 
depth

Small 
lesion 
size

Emphysema Number 
of needle 

passes

Needle 
size

Cox, 199964 unclear 356 144, 40% + + + _ _
Laurent, 

199965

prospective 307 61, 20% + _ _ NA NA

Saji, 200266 retrospective 289 77, 27% + _ NA NA NA
Yamagami, 

200210

prospective 134 46, 34% + + _ _ NA

Topal, 
200367

unclear 453 85, 19% + NA + _ _

Yeow, 
200468

unclear 660 155, 23% + + _ _ _

Choi, 200463 prospective 458 85, 19% NA + + NA NA
Yildrim, 

200970

retrospective 213 (225 
bx)

59, 26% NA NA NA NA _

Cheung, 
201171

retrospective 158, (171 
bx)

19/171, 
19%

+ NA NA NA NA

Wu RH, 
201269

retrospective 198 58, 29% + NA + NA NA

Notes: N, number; +, statistically significant positive correlation with IP occurrence; -, no statistically significant correlation with IP occurrence; 
NA, not assessed.

Table 40.2 Statistically significant risk factors (multivariate analysis) associated with the occurrence of an iatrogenic 
pneumothorax in the intensive care unit setting

Risk Hazard ratio 95% CI, p

Weight <80 kg 2.4 1.3–4.2, 0.004
History of AIDS 2.8 1.2–6.4, 0.02
Diagnosis of ARDS on admission 5.3 2.6–11, <0.001
Diagnosis of cardiogenic edema on 

admission
2.0 1.1–3.6, 0.03

Central vein or PA catheter insertion, 
first 24 hours

1.7 1.0–2.7, 0.04

Inotrope, first 24 hours 2.1 1.3–3.4, 0.002

Source: de Lassence A, Timsit J-F, Tafflet M et al., Anesthesiology, 2006;104:5–13. 
Abbreviations: CI, confidence interval; AIDS, adult immunodeficiency syndrome; ARDS, acute respiratory distress syndrome; 

PA, pulmonary artery.
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spontaneous pneumothorax85 may be used: <3  cm and  
≥3 cm lung collapse, for <15% and >15% pneumothorax 
size, respectively. �e BTS guidelines di�erentiate small 
from large pneumothorax based on the presence of the 
visible rim of air on chest radiograph measured at the 
level of the hilum. Less than 2 cm is considered small, and 
greater than 2 cm considered large.45

�e presence of obstructive lung disease predicts the 
need for chest tube placement in patients undergoing a 
needle biopsy of the lung62,64,76,78 and for longer duration of 
treatment post pneumothorax compared to patients without 
a history of obstructed lung disease.52 Cox et al.64 reported 
a signi�cantly greater need for chest tube  placement in 
patients with  underlying computed  tomographic evi-
dence of emphysema (27% with evidence vs. 9% without,  
p <.01) sustaining a needle lung biopsy–related IP. Hence, 
initial placement of a small-bore catheter and forgoing 
observation is preferred in such patients.

As noted in the ambulatory review, selected patients with 
an IP may also be e�ectively managed in the ambulatory 
setting.

All mechanically ventilated patients developing an IP 
from any cause should receive drainage. �is has routinely 
been performed with larger-bore chest tubes; however, 
studies are appearing in the literature using smaller-bore 
catheters (o�en Seldinger technique) in this setting.87,88 
�e most recent BTS guideline recommends small-bore 
catheter placement in the setting of most pneumothoraces 
where drainage pleural drainage is required.45 Lin et al.88 
report small-bore catheter (12–16 F) 87.5% success rate 
in procedure related IP compared to 43% in barotrauma-
related IP.

IPs resulting directly from positive pressure mechani-
cal ventilation may be accompanied by bronchopleural 
�stula and the development of tension pneumothorax.89,90 
Air leaks in this setting may be quite large and vari-
ably contribute to alteration in physiologic gas exchange 
including increased carbon dioxide excretion and decrease 
utilization of inspired oxygen.89 Mechanically ventilated 

patients with an IP require prompt chest tube placement, 
o�en large bore.89–92 In addition to the placement of an 
appropriate size chest tube, adjusting the ventilator mode 
to limit the amount of positive pressure delivered to the 
patient may assist in minimizing the air leak and healing 
the �stula.89,90

 SURGICAL MANAGEMENT AND 
PERSISTENT AIR LEAKS

�e incidence of IP-related air leaks appears related to 
the underlying etiology of the pneumothorax and any 
associated lung disease. �e Veterans Administration 
cooperative study does not clearly delineate the treatment 
modalities incorporated in patients with an IP. However, 
using duration of treatment as a rough surrogate for 
 presumed accompanying air leak, 288 of 385 patients 
(75%) in the Veterans Administration cooperative study 
completed treatment in 1–7 days.52 Patients with chronic 
obstructive pulmonary disease (COPD) required signi�-
cantly longer treatment times than those without COPD. 
�oracotomy had to be performed in one of 535 (0.2%) 
patients because of a persistent air leak.

Retrospective review of 47 patients by Schoenenberger 
et  al.93 provides more direct information regarding the 
occurrence of persistent air leaks and the role and tim-
ing of surgical intervention in patients su�ering an IP. 
Patients with at least a 20% IP and placement of a 20- to 
24-F chest tube were analyzed. Percent air leak resolu-
tion was 100% at 72 hours a�er chest tube placement for 
patients without underlying lung disease and 71% for 
those with an underlying lung disease. Air leak resolu-
tion reached a plateau at 72 hours for those with underly-
ing lung disease; no statistically signi�cant increase in air 
leak resolution occurred a�er 72 hours.93 Hence, use of 
an invasive intervention including VATS or thoracotomy 
should be strongly considered for patients su�ering an 
IP with an air leak persisting at 72 hours a�er chest tube 
placement.

Latrogenic pneumothorax diagnosed by chest radiograph (CXR)
or computed tomography (CT) of the chest*

Pneumothorax <3 cm size by Pneumothorax <3 cm size by CXR

Observe Simple aspiration
(or small-bore chest tube)

Clinically stable
COPD** −

Symptomatic or
COPD +

Simple aspiration
(or small-bore chest tube)

Figure 40.2 Management algorithm for IP. *See text for details; ** COPD, chronic obstructive pulmonary disease; 
+,  positive; −, negative. Any patient on mechanical ventilation requires a large-bore chest tube.
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TENSION PNEUMOTHORAX

 INCIDENCE, EPIDEMIOLOGY, AND 
PATHOPHYSIOLOGY

Both spontaneous and traumatic (non-iatrogenic and 
 iatrogenic) pneumothoraces may present with or develop 
into tension pneumothorax. Tension pneumothorax is 
present when the intrapleural pressure exceeds atmo-
spheric pressure throughout expiration and frequently 
during inspiration.2 Many patients su�ering a tension 
pneumothorax have positive pressure applied to their 
airways during mechanical ventilation94 or during resus-
citation.95 Presentation is particularly abrupt in patients 
receiving mechanical ventilation and may carry a par-
ticularly high mortality rate.47 Post–cardiopulmonary 
resuscitation (CPR) patients should receive special scru-
tiny for the possibility of tension pneumothorax par-
ticularly if positive pressure ventilation is administered. 
In one study, unsuspected or untreated tension pneu-
mothoraces were found in 12  of 3500  autopsies. Ten of 
these 12  patients were receiving some form of endotra-
cheal positive pressure. Eight of these 10 patients were 
mechanically ventilated; two were receiving intermit-
tent positive pressure. Seven of these 10 patients had 
also received  CPR.95 Successful diagnosis and treatment 
of intra- and post-resuscitation  tension pneumothorax 
could mean the di�erence between successful and unsuc-
cessful CPR. Tension may also develop in spontaneously 
breathing patients but inherent is the presumed pres-
ence of a one-way valve  process  permitting air to enter 
the pleural  space during   inspiration but not exit during 
expiration.

�e dramatic clinical presentation of tension marked 
by cardiopulmonary compromise is likely multifacto-
rial in etiology. �e decrease in arterial PO2 and increase 
in alveolar–arterial oxygen di�erence that may be seen 
with any pneumothorax results from alterations in 
 ventilation–perfusion relationships, anatomic shunt, and 
dead space.96,97 Anatomic shunt may in fact increase sec-
ondary to worsening ventilation–perfusion relationships 
a�er pleural air drainage with improvement delayed up to 
90 minutes emphasizing the need for supplemental oxy-
gen in pneumothorax patients.96

Decreased arterial PO2 and impaired cardiac  output, 
alone or in combination, play a role in the clinical decom-
pensation noted in tension pneumothorax. Multiple 
animal studies indicate that hypoxemia is probably the 
driving factor in clinical decompensation.98–101 However, 
in four documented cases of tension pneumothorax 
in three patients on pressure control ventilation, sig-
ni�cant decreases in cardiac index were observed.102 
Similarly, Connolly103 reported a drop in cardiac index 
in a  mechanically ventilated patient with tension 
pneumothorax.

 CLINICAL PRESENTATION AND 
DIAGNOSIS

Patients with tension pneumothorax typically present with 
severe distress displaying cyanosis, diaphoresis, tachycar-
dia, hypotension, and labored respirations.2,47 Unusually, 
patients may present quiescently even during mechanical 
ventilation.103,104 �e diagnosis should and can be made clin-
ically in the majority of cases based on the usual dramatic 
presentation. Treatment should generally not be delayed for 
radiographic con�rmation, particularly in the mechani-
cally ventilated patient. Such a delay can increase mortality 
more than four fold. In a review by Steier et al.,47 12 of 74 
(16%) mechanically ventilated patients with pneumothorax 
died. Seventy-one of these 74 patients had a tension compo-
nent. Treatment was delayed from 30 minutes to 8 hours in 
29 patients awaiting chest radiographic con�rmation. Nine 
of these 29 (31%) patients died of pneumothorax compared 
to a 7% mortality rate in the 45 patients with a clinical diag-
nosis and immediate treatment.47 A clue to the development 
of a pneumothorax including tension pneumothorax is 
worsening dynamic and static lung compliance (increasing 
peak and plateau pressures, respectively) while on volume 
cycle ventilation. Worsening in both dynamic and static 
compliance can also be found in pulmonary edema, ARDS, 
pneumonia, and atelectasis.105 �e rapidity of deterioration 
in lung compliance may be a clue to tension pneumothorax 
compared to the other possibilities. If the patient is on pres-
sure cycled ventilation, an abrupt decrease in delivered tidal 
volumes is noted.

�e chest radiograph itself may be a misleading tool to 
diagnose tension. �ese �ndings of tension may indeed not 
represent tension.2 Classic radiographic �ndings include a 
shi� of the mediastinum to the contralateral side, ipsilateral 
enlargement of the hemithorax, and depressed hemidia-
phragm. Such �ndings may occur due to the natural recoil 
properties of the chest wall and the lung when air enters the 
pleural space without intrapleural pressures exceeding the 
surrounding atmospheric pressure throughout the expira-
tory cycle.2 Further, radiographic �ndings of pneumotho-
rax may be altered in the supine patient, as is o�en the case 
for critically ill patients on mechanical ventilation. �is 
may be additionally compounded by extensive pulmonary 
parenchymal disease and accompanying alterations in pul-
monary compliance not allowing ready collapse of the lung 
upon air entry into the pleural space. A chest radiographic 
change found in supine patients wherein pleural air tracks 
anteriorly and inferiorly creating a deep lateral costophrenic 
sulcus is the “deep sulcus sign.”106

TREATMENT

Urgent treatment of tension pneumothorax is key. As noted, 
mortality may be considerably increased awaiting chest 
radiographic con�rmation. Treatment provides con�rma-
tion of the diagnosis. Prompt drainage by placement of 
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an intravenous needle (14–16 F) in the pleural space will 
 usually elicit a rush of air audibly noticed as air rushes out 
of the pressurized pleural space. Alternately, the needle may 
be �tted with a syringe partially �lled with  sterile water 
and introduced into the pleural space until air is aspirated. 
Marked bubbling a�er the syringe plunger is removed con-
�rms pleural air under pressure. Needle placement through 
the second anterior intercostal space has been advocated2; 
however, placement of the needle through the lateral ��h 
intercostal space may be safer.107 Several studies evaluat-
ing distance from the skin to the pleural surface measured 
by CT reveal con�icting results regarding where needle 
decompression should take place.108–110 �ese di�erences 
may be accounted for by studies done in di�erent patient 
populations with likely di�erent body mass indexes. Prompt 
subsequent placement of a chest tube is required regardless 
of whether an audible air rush or water syringe bubbling 
is noted given the potential for having induced a pneumo-
thorax in already compromised patient by placing a needle 
into the chest. Placement of a larger-bore chest tube in the 
setting of a tension pneumothorax in a mechanically venti-
lated patient is preferred.
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Pleural effusions in pediatric patients

ESMERALDA MORALES AND ELIZABETH PERKETT

INTRODUCTION

�e di�erential diagnosis for pleural e�usions in pediatrics 
is markedly di�erent than that for adults. Pediatric comor-
bidities are generally much milder leading to overall better 
outcomes, particularly outside of the fetal/newborn period. 
For years, the approach to pediatric e�usion was extrapo-
lated from adult studies. In 2005, the British �oracic 
Society published the �rst pediatric speci�c guidelines for 
the management of pleural e�usions1 while acknowledg-
ing that there was limited data for pediatric patients. Since 
that time, more pediatric studies are available including 
guidelines from the Pediatric Infectious Disease Society 
of America in 2011 for the management of parapneumonic 
e�usions and empyema associated with community-
acquired pneumonia2 and an extensive review of the man-
agement of empyema from the American Pediatric Surgical 
Association.3

FETAL PLEURAL EFFUSION

Fetal pleural e�usion is very rare, with older studies report-
ing an incidence of 1 in 15,000 pregnancies.4 �e diagno-
sis is made by ultrasonography, and the incidence has not 
increased signi�cantly even with more routine use ultraso-
nography earlier in pregnancy. Most data are retrospective 
and from tertiary referral centers, so it is likely that some 
cases are unreported including those that resolve spontane-
ously or where there is fetal death.5,6

A primary fetal pleural e�usion is caused by leakage 
from lymphatics and is also called hydrothorax in the fetal 
period rather than chylothorax.6  �e �uid is lymphocyte 
rich but does not have any triglycerides since there are no 
enteral feedings. Although the presence of lymphocytes 
supports the diagnosis of lymphatic �uid, lymphocytes 
could be associated with viral infections. �e diagnosis of 
primary pleural e�usion in the fetus is one of exclusion a�er 

KEY POINTS

 ● Pleural e�usions in the fetus are frequently related to congenital and genetic anomalies.
 ● Chylothorax is the most common pleural e�usion in newborns.
 ● Parapneumonic e�usion is the most common e�usion in children.
 ● Ultrasonography is the preferred diagnostic imaging for pleural e�usions—computed tomography scans should 

be avoided.
 ● Pleural drainage is not needed in all pediatric patients with parapneumonic e�usions.
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an extensive evaluation for underlying disorders.5 Primary 
e�usions may be bilateral or unilateral and may spontane-
ously resolve. Primary e�usions especially unilateral have a 
good prognosis.6

Secondary fetal pleural e�usion refers to those associ-
ated with an underlying condition including chromosomal 
anomalies, cardiac disease, gastrointestinal anomalies, 
hematological problems, pulmonary malformations, infec-
tions, metabolic disease, and malformations of the umbili-
cal cord and placenta. A retrospective review of pleural �uid 
samples found the prevalence of chromosome abnormali-
ties in isolated pleural e�usions was 12%.7 Another prospec-
tive study of the natural history of fetal pleural e�usions 
identi�ed a prevalence of fetal pleural e�usion in the setting 
of chromosomal abnormality of 41.1%.8 Structural abnor-
malities were present in approximately 34% with a normal 
karyotype. Pleural e�usions are found in association with 
generalized edema in immune or nonimmune hydrops. 
Abnormalities of the lymphatic system, including congeni-
tal lymphangiectasis, can cause an e�usion.9 With the high 
incidence of underlying anomalies, it is important to have a 
careful evaluation of the fetus including sonography, fetal 
echocardiogram, and karyotyping. �e underlying condi-
tion is the most important factor in determining overall 
outcome. Hydrops does confer higher risk for mortality.

Management of e�usions is not standardized, but algo-
rithms have been proposed.5 �e pregnancy should be 
managed by perinatal teams who have the expertise for 
evaluation and interventions. Small primary e�usions are 
usually followed with simple observation (serial ultrasound) 
and some spontaneously resolve.10 Large e�usions can result 
in pulmonary hypoplasia and signi�cant respiratory dis-
tress at birth. With such large pleural e�usions, intervention 
is indicated. �ree approaches have been reported: thora-
centesis, pleural amniotic shunt placement, and in utero 
pleurodesis. �oracentesis has a short-term e�ect of reduc-
ing e�usion size, which may unmask diagnoses that were 
not apparent secondary to the size of e�usion. However, 
since many e�usions reaccumulate and require serial proce-
dures, a more aggressive approach may be needed, and pleu-
ral amniotic shunts are placed. Outcomes of larger e�usions 
have improved with the use of pleuroamniotic shunts with 
reports of survival rates of 60%–100% among nonhydropic 
fetuses and 44%–66% among hydropic fetuses.11

�ere is limited data on the in utero use of pleurodesis 
with OK-432, but several reports suggest that it should be 
considered for future study. A small prospective study of 
7 nonhydropic fetuses treated with OK-432 reported 100% 
remission.12 A larger prospective study in fetuses with bilat-
eral fetal chylothorax found a survival rate at 1 year of 66.7% 
among nonhydropic fetuses and 14.8% among hydropic 
fetuses.13

Pleural e�usions detected in utero may persist into the 
newborn period. Signi�cant accumulations will cause respi-
ratory distress at birth, both by limiting lung expansion and 
also if there is underlying pulmonary hypoplasia. At the 

time of delivery, personnel should be present to provide 
resuscitation and drainage to relieve respiratory distress. 
Additional therapies may be indicated if an underlying dis-
order, such as congenital heart disease, was also detected in 
utero.

DIAGNOSTIC EVALUATION

In most pediatric e�usions, the underlying disease process 
leads to a chest X-ray and the e�usion is found. With an 
upright chest radiograph there is blunting of the costophrenic 
angles; however, in small children, particularly infants, the 
chest X-ray is rarely taken in the upright position. For those 
infants, a decubitus �lm is more useful. Improvements in 
ultrasound technology have lead to increased use, and it has 
become the preferred modality for the evaluation of pleural 
e�usions.3,14,15 Ultrasonography is more sensitive at detect-
ing small amounts of pleural �uid and can distinguish 
between nonaerated lung and pleural �uid to identifying 
loculations or septations. Ultrasonography provides guid-
ance for thoracentesis or chest tube placement. Ultrasound 
also has the additional advantage of not requiring sedation 
and can be carried out at the bedside. Computed tomog-
raphy (CT) has the disadvantage of increased radiation 
exposure, and, in infants and younger children, sedation is 
required. CT scanning is now available in most hospitals, 
which has increased use in evaluating e�usions in children. 
However, studies do not support the need for CT. A retro-
spective review comparing ultrasound �ndings to CT in 
complicated parapneumonic e�usions found that CT did 
not provide any additional clinically useful data.16 A pro-
spective study also concluded that there is no role for the 
routine use of CT scan for routine evaluation of parapneu-
monic e�usions.17 Shomaker et al.18 developed a quality of 
care algorithm for the management of parapneumonic e�u-
sion and empyema. �ey found that the algorithm resulted 
in reduction in use of CT scans and that even patients who 
required video-assisted thoracoscopic surgery (VATS) did 
not need CT scans routinely. CT should be reserved for a 
limited cases, where ultrasonography does not provide 
su�cient information or other underlying pathology is 
suspected.

Unlike in adults, diagnostic thoracentesis is not done 
routinely.1,2 History and clinical presentation are very 
helpful in determining the most likely cause of the e�u-
sion in pediatrics, in particular in parapneumonic e�u-
sions where signs of infection are present. In neonates, 
a chylothorax is most common; in older children, infec-
tions cause most e�usions. Since sedation is usually 
needed in children for even a diagnostic tap, the collec-
tion of �uid may be postponed until a de�nitive drainage 
procedure is done for clinical symptoms. Guidelines for 
analysis of �uid from parapneumonic e�usions suggest 
obtaining cell counts, gram stain, cultures and other tests 
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for identi�cation of infectious agents (polymerase chain 
reaction [PCR], antigens). Biochemical analyses such as 
pH, glucose, protein and lactate dehydrogenase are rarely 
helpful in in�uencing therapy.2,3

CHYLOTHORAX

Chylothorax is the most common e�usion in the neonatal 
period with many of the e�usions starting in utero,19 but 
it is rare although the exact incidence is not known. A ret-
rospective review of neonates admitted to six referral cen-
ters found that 32% were congenital and 68% acquired.20 
Primary chylothorax, may be present at birth or develop 
during the �rst week of life. Secondary or acquired chy-
lothorax may be also present at birth or later, depending 
on underlying cause. �e etiology includes blunt trauma, 
increased venous pressure associated with congenital heart 
disease or thrombosis (e.g., from central lines), and trauma 
to the thoracic duct during thoracic surgery or repair of 
congenital heart diseases.21

An uncommon cause of chylothorax is related to 
abnormalities of the lymphatic system including pul-
monary lymphangiectasis and dyspmorphic syndromes 
such as Turner or Noonan syndromes.19 �e overall 
 incidence is unknown and scattered cases continue to 
be reported, but pulmonary lymphangiectasis is very 
rare. Esther and Barker22 categorized pulmonary lym-
phangiectasis as  primary (developmental defect or may 
be part of  generalized lymphangiectasis, neonatal onset) 
or  secondary (cardiovascular or related to lymphatic 
obstruction, childhood onset). Diagnosis may be sus-
pected by the presence of increased interstitial markings 
and occasionally associated lymphedema.9 Open lung 
biopsy is usually required for de�nitive diagnosis. With 
aggressive supportive care, the pleural e�usions subside 
and infants are surviving beyond the neonatal period; 
however, the prognosis is poor23 and many have residual 
chronic lung disease manifestations.9

�e diagnosis of chylothorax is made by thoracente-
sis and examination of the �uid, keeping in mind that if 
enteral feedings have not been initiated, the �uid will be 
clear and yellow, not milky. Cellular analysis will reveal a 
predominance of lymphocytes. Treatment of the under-
lying condition is important, but if the e�usion is large, 
drainage will be needed to reduce respiratory distress. 
Chest tube drainage can result in signi�cant loss of �uid, 
electrolytes, protein, and lymphocytes can occur, result-
ing in metabolic problems, poor nutrition, and immune 
compromise.

A�er chest tube insertion, initial management is aimed 
at decreasing lymph �ow by restricting dietary fats to 
medium-chain triglycerides (MCTs) or if that fails going 
to total parental nutrition (TPN). Somatostatin or octreo-
tide, which may reduce lymph �ow, has been reported 

to be bene�cial in several studies.24,25 Even patients with 
direct trauma to the thoracic duct frequently have sponta-
neous resolutions with conservative management. In one 
series, patients with elevated venous pressure had longer 
duration and higher volume of drainage. Overall, 80% of 
the patients responded to conservative management.21 
Surgical intervention with thoracic duct ligation should 
be reserved for treatment failures or cases where the 
 morbidity from the persistent drainage is causing severe 
medical problems.

�ere are various criteria for failure of conservative man-
agement, but most suggest 2–4 weeks before considering 
surgical intervention.19 �ere only a few reports of pleurode-
sis. A very small case series (N = 2) of intrapleural admin-
istration of OK-432 in two patients who did not respond to 
medical management including octreotide showed success-
ful resolution.26

CONGENITAL HEART DISEASE

Pleural e�usions can be secondary to congestive heart fail-
ure, but this is not as common in pediatrics compared to 
adults. Chylothorax a�er surgery for congenital heart dis-
ease can be a complex problem and occurs in up to 10% of 
children undergoing surgery.27,28 Causes include damage 
to the thoracic duct, damage to ancillary lymphatics, and 
increased venous pressure (exceeding the pressure of the 
thoracic duct). Diagnosis is suspected because of the sur-
gical history and is made with analysis of the pleural �uid 
remembering that if patients are not being fed enterally, the 
�uid will likely be clear rather than cloudy. Initial treatment 
is drainage of the e�usion and dietary management with 
MCT or TPN. Response to dietary management is good 
with one study reporting that 71% response to MCT diet 
alone.28 Chan et al.29 reported that e�usions were detected 
at a median of 9 days postop (range 0–24 days) and lasted 
from 1 to 89 days. In their study, 12 of 30 patients responded 
to diet alone and octreotide was e�ective in 83% of those 
who failed dietary management. However, no prospective 
randomized controlled trials have been carried out using 
octreotide. Although no overall guidelines have been pub-
lished, Yeh et al.30 instituted a consensus-based clinical 
practice guideline and found that with its implementation, 
there was earlier diagnosis, decreased length of stay, and 
overall less need for aggressive support. Attempts have been 
made to determine risk factors for persistent chylothorax 
including type of surgical procedure and lymph �ow.30,31 
However, even if risk factors can assist in early diagnosis, 
it is not recommended that MCT diet be started until the 
actual diagnosis of a chylothorax because optimal nutri-
tion is important in the developing infant and fats are a 
normal part of diet.28 In general it is recommended that 
conservative therapy (drainage, diet, octreotide) be tried for 
2–4 weeks before surgical intervention.27,30
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MALIGNANCIES

Although a small percentage of pediatric pleural e�usions 
are associated with malignancies, it is a very important 
category. Malignancy must be considered in a child who 
presents with an e�usion without symptoms or history 
suggesting infection or trauma. Lymphomas are common 
childhood cancers and frequently present with a mediasti-
nal mass and pleural e�usion.32,33 Of these, the greater per-
centage of pleural e�usion tends to occur in patients with 
non-Hodgkin’s lymphoma.32,34 A large e�usion may result 
in respiratory compromise necessitating drainage, but pleu-
ral �uid analysis can also provide a de�nitive diagnosis in 
most cases.

INFECTIONS

TUBERCULOSIS

Tuberculous (TB) pleural e�usions in children are less 
common than in adult, but there are limited data and the 
incidence of TB varies by geographic location. An exten-
sive retrospective review of pediatric pleural e�usions 
in Turkey found that the incidence of TB e�usions from 
1994 to 2003 was 8% of all e�usions, which was lower than 
previous time periods.35 In a retrospective review from 
Spain, pleural e�usions were detected in 22% of 175 chil-
dren with primary TB.36 �e average age of the children 
with e�usions was signi�cantly greater (13.5 years vs. 7.0 
years) than the age of patients with parenchymal TB. �e 
e�usion was unilateral and was the only radiographic 
�nding in 41%. A child with a pleural e�usion who has 
been in contact with a case of TB needs workup for TB. 
In 2011, Fischer et al.37 published a review of pleural TB 
in children and recommended that TB should be consid-
ered in cases of pleural e�usions where other etiologies 
are not clearly identi�ed especially in child who appears 
nontoxic and has a unilateral pleural e�usion. Evaluation 
of the children is similar to adults with routine pleural 
�uid biochemistries, adenosine deaminase, interferon-
gamma, culture, and PCR for TB. Pleural biopsy may also 
be needed.

 FUNGAL, MYCOBACTERIA, VIRUSES

Any infectious agent can cause pleural disease. Fungal 
diseases such as coccidioidomycosis can cause e�usions, 
which have increased protein concentration and lymphocy-
tosis. Consideration for the uncommon pathogens will be 
directed by history, and in particular in geographic loca-
tions where these pathogens are more common.

Infections with Mycoplasma pneumoniae and viruses are 
common in pediatric patients. Pleural e�usions have been 
estimated to occur in as many as 20% of pneumonia from 

M. pneumoniae.2 �e e�usions are generally small and do 
not cause respiratory symptoms.

Nestor et al.38 reviewed viral diseases a�ecting the pleura 
with studies in both adults and children. With the high-
frequency viral respiratory disease in children it is not sur-
prising that some pleural e�usion occur, but the incidence 
is di�cult to estimate as most patients with viral respira-
tory disease are seen as outpatients and chest X-ray are not 
routinely obtained. One case series reported 10% of pleural 
e�usions were associated with viral pathogens.39 �ere are 
anecdotal reports of the discovery of large parapneumonic 
e�usions on chest radiographs taken a�er resolution of an 
acute respiratory illness. It is presumed that these e�usions 
are the result of a viral pneumonia, but since the patients 
are asymptomatic, no speci�c intervention is performed. 
Follow-up is recommended to make certain that the e�u-
sion resolves and does not need further workup. Complete 
resolution can take months.

BACTERIAL

Bacterial pneumonia is the most common cause of  pleural 
e�usions in children and Streptococcus pneumoniae is 
the most frequent pathogen. �e clinical presentation is 
 consistent with an acute-onset infectious process with respi-
ratory symptoms and the e�usion is detected by chest X-ray. 
Reports vary on the incidence of parapneumonic e�usion, 
i.e., from 28 to 53%.3 Numerous studies have found that 
there has been an increase in pediatric empyema.40 �is 
is interesting since the pneumococcal vaccine PCV-7 has 
reduced overall invasive pneumococcal disease.41 It is pos-
tulated the increase in empyema is due to the fact that the 
PCV-7 vaccine does not contain the common serotypes of 
S. pneumoniae, which are associated with empyema. PCV-
13 vaccine is now available and contains these serotypes.42 
Future data will demonstrate whether this vaccine will result 
in a decline in pneumococcal empyema. Other bacterial 
pathogens responsible for parapneumonic e�usions include 
Staphylococcus aureus, Streptococcus pyogenes, and methi-
cillin-resistant S. aureus. Haemophilus influenzae was his-
torically important but is much less common as Hib vaccine 
has become routine. Many times pleural cultures are sterile 
on culture and the increased availability of other detection 
methods, including PCR and antigen detection, will con-
tinue to improve the identi�cation of causative agents.40

Optimal therapy for pediatric parapneumonic e�usions 
and empyema remains controversial. Unlike adults, chil-
dren with parapneumonic e�usion and empyema do well 
with essentially no mortality if treated with antibiotics. 
�e controversies are related to drainage of pleural �uid. 
Previously with little pediatric data, clinical approaches 
were adapted from adult management protocols, where 
drainage was an essential part of therapy. As more studies 
in pediatrics are reported, it is becoming increasing clear 
that invasive drainage is not needed for all pediatric para 
pneumonic e�usions.43 If the volume of �uid is causing sig-
ni�cant respiratory compromise and clinical condition is 
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worsening, then all agree that removal of �uid is needed. �e 
options for drainage are repeated thoracentesis, chest tube 
drainage, chest tube drainage with �brinolytics, and VATS 
drainage or thoracotomy. Repeated thoracentesis is not 
recommended in pediatric patients,3 in part because of the 
necessity for repeated sedation. Both VATS and �brinolytic 
therapy have been evaluated as e�ective therapies. �ere 
are studies reporting a decreased length of stay in primary 
VATS compared to simple chest tube drainage.44–46 One 
study suggested that primary VATS may be associated with 
decreased risk of requiring a reintervention procedure.47 
However, �brinolytic therapy has also been associated with 
positive outcomes and decreased length of stay as well.48–50 
Two prospective randomized trials of chest tube drain-
age with intrapleural �brinolytic instillation versus VATS 
have demonstrated no di�erences in days of hospitalization 
a�er intervention and more costs associated with VATS.51,52 
Failure rate of �brinolytic therapy was approximately 16% 
in both studies. Combining DNAse with intrapleural �bri-
nolytics has been studied in adults with favorable results 
including decreased length of stay and decreased referral for 
surgical intervention,53 but there are no pediatric studies.

In 2011, the Pediatric Infectious Disease Society and the 
Infectious Diseases Society of America published guidelines 
for the treatment of community-acquired pneumonia and 
recommend that small e�usions be treated with antibiotic 
therapy only; drainage is recommended when a moderate 
e�usion is associated with respiratory distress; and drain-
age is recommended for large parapneumonic e�usions 
or purulent e�usions.2 In 2012, the American Pediatric 
Surgical Association published an extensive review on the 
diagnosis and management of empyema in children with 
graded review of approaches to therapy. Overall, the review 
supports the use of chest tube drainage with �brinolytics as 
primary therapy.3

�ere is no comment in any of the studies of concerns 
about the use of sedation and anesthesia in children and 
actually little data are reported about exact methods used 
for sedation and anesthesia for chest tube insertion and 
VATS. �e long-term consequences of exposure of children 
to sedation/anesthetics are not known; however, there are 
now a few studies that raise concerns. Animal and retro-
spective studies suggest that early exposure (less than 3 
years of age) to anesthesia may result in neurocognitive 
de�cits.54,55 As more is learned about this area, it will likely 
become a factor in decisions for therapies.

�e long-term outcome of pediatric pleural e�usions is 
excellent. Cohen et al. did a prospective study of 88 pedi-
atric patients who were treated for empyema—none with 
VATS. Most patients continued to have some symptoms at 1 
month, but all resolved by 1 year.56

Improved diagnostic testing such as antigen detection 
and PCR will lead to better identi�cation of pathogens caus-
ing parapneumonic e�usions. Controversy remains regard-
ing the decision to drain pleural �uid and optimal approach. 
All interventions work when using outcomes such a length 
of stay and mortality data. Future studies should include 

risks of sedation as well as standard outcomes. With the 
overall low incidence of pleural e�usion in children, pro-
spective clinical trials are di�cult. Clinical e�ectiveness 
trials may be useful in the development of future clinical 
management algorithms.

SUMMARY

�e incidence of pleural disease and e�usions is low in chil-
dren when compared with that in adults. Overall pediatric 
outcomes are better than that in adults, which may re�ect 
less severe comorbidities. �e underlying etiologies in the 
fetus and young children are frequently related to other 
congenital conditions. In the neonate, chylothorax is the 
most common pleural e�usion. As children progress from 
infancy to childhood, parapneumonic e�usions become 
more frequent. �ere have been signi�cant advances in 
pediatric speci�c diagnostic and therapeutic approaches, 
but more study is needed, in particular, related to optimal 
approach for invasive procedures.
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INTRODUCTION

Pleural procedures are frequently performed by a wide range 
of physicians to diagnose and manage pleural disease. �e 
commonly performed pleural procedures include diagnos-
tic and therapeutic aspiration of �uid or air, and chest drain 
insertion for drainage of �uid or air. An estimated 178,000 
thoracenteses are performed in patients with pleural e�u-
sion each year in the United States alone.1 Iatrogenic compli-
cations are common despite being generally underreported, 
frequently severe, occasionally fatal, and o�en preventable.2

�e UK National Patient Safety Agency alert reported 12 
deaths and 15 cases of serious harm related to chest drain 
insertion between 2005 and 2008.3 Deaths occurred due to 
organ puncture, and severe harm was caused by drain inser-
tion on the wrong side and damage to underlying struc-
tures. Case reports of near fatal complications of pleural 
procedures are also scattered throughout the literature.4–7 
Common factors relating to the adverse events included 

lack of operator experience, inadequate supervision, poor 
choice of insertion site, and suboptimal imaging.3

�is chapter aims to improve understanding of complica-
tions of common pleural procedures, as well as safety mea-
sures, which can be implemented in your institution to reduce 
the risk of these complications. �e combination of the best 
possible techniques with system changes that enhance the 
skills of the operator and reduce modi�able procedural risk 
factors is crucial to achieving optimal patient safety.

 COMPLICATIONS OF PLEURAL 
PROCEDURES

 GENERAL APPROACH TO COMPLICATIONS

Table 42.1 details a generic framework that can be used when 
considering potential complications from pleural procedures. 
Despite the array of possible complications, data from large case 

KEY POINTS

 ● Organ injury can usually be avoided with pro�cient ultrasound guidance.
 ● Safety can be improved by avoidance of unnecessary procedures.
 ● Complications can be reduced by optimal preparation, insertion technique, and a�ercare.
 ● �e work system is a key determinant of safe patient care.
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series suggest that pleural procedures can be safe and well tol-
erated when performed by appropriately trained, experienced 
physicians who carefully select the appropriate procedure.8

�e underlying disease may fail to be successfully con-
trolled by a procedure without necessarily being catego-
rized as a complication. �e underlying disease may persist, 
change, or progress over time. Examples include prolonged 
visceral pleural air leak a�er drainage of pneumothorax; 
trapped lung, which becomes evident a�er pleural e�usion 
drainage; and incomplete drainage of a loculated e�usion. 
�ese manifestations of underlying disease are not the focus 
of this chapter and will not be further discussed here.

 SPECIFIC PROCEDURAL COMPLICATIONS

�e frequency of procedural complications (except pneu-
mothorax) is inconsistently described across studies. �is 
section will summarize current knowledge of the rates of 
key complications, their causes and pathophysiology, with 
evidence for predictors of these adverse events.

Organ puncture/damage is the most feared complication. 
Penetration of the lung,9 heart,5,6 esophagus,10 diaphragm, 

liver,11 spleen, kidney, and stomach12 has all been reported 
with both thoracentesis and drain insertion. Poor site selec-
tion is the main reason, with a lower risk of visceral injury with 
ultrasound (US) guidance.13 �e risk of damaging underlying 
viscera is increased with drain insertion compared to thora-
centesis, particularly if inserted using a trocar with a large-bore 
tube without prior con�rmation of an open pleural space.14 If 
the Seldinger technique is used, excessive insertion of the tract 
dilator has been associated with serious organ damage.3

Lung consolidation/collapse, an elevated hemidia-
phragm, and organ malposition can all mimic the clinical 
�ndings of a pleural e�usion. �is poses a risk if perform-
ing a pleural procedure without additional image guidance, 
irrespective of operator experience. Diacon et al.13 showed 
that even in experienced hands, the determination of the 
presence of a pleural e�usion based on physical examina-
tion and chest X-ray (CXR) was inaccurate, with a 15% error 
rate. In their series of 255 patients referred for thoracentesis, 
10% of patients had a clinically selected puncture site which 
US determined would have been likely to cause puncture of 
the lung, liver, or spleen. US increased the rate of accurate 
sites of pleural puncture by 26%.13 �oracic US has become 

Table 42.1 General framework for categorizing complications of pleural procedures

Adverse event related to Complication

Needle/instrument not traversing an ideal 
path/depth

• Penetration/puncture of unintended structures (lung: pneumothorax, 
lacerated intercostal vessels, thoracic or abdominal organ damage, 
phrenic nerve damage, thoracic duct disruption)

• Pressure effects on unintended structures (intercostal nerve causing 
persistent pain, sympathetic chain causing Horner’s syndrome, heart 
causing dysrhythmia, esophagus, or aorta causing delayed 
perforation)

• Failure of drain to enter pleural space (tip of chest tube in chest wall)
Pleural pressure or excessively rapid lung 

expansion
• Promotion of visceral pleural air leak (through negative pleural 

pressure and uneven pressure gradients across the pleura)
• Reexpansion pulmonary edema
• Inadvertent entry of atmospheric air into pleural space
• Lung entrapment within chest tube caused by external suction 

causing pulmonary infarction
Equipment failure: failure of drainage 

equipment to maintain its function or 
structural integrity

• Blockage of chest tube (often due to pleural contents: fibrin, viscous 
fluid, blood)

• Dislodgement of chest tube
• Fracture of chest tube or guide wire causing retained foreign body

Disruption of the normal barrier between the 
pleural space and the chest wall and skin

• Subcutaneous emphysema (air exits the pleural space)
• Cellulitis, empyema (bacteria enter from the skin)
• Malignant infiltration (malignant cells exit the pleural space: needle 

tract metastasis)
Patient’s neurosensory response • Pain (during or subsequent to insertion)

• Anxiety
• Cough
• Vasovagal reaction

General procedural risks • Adverse reaction to sedation (hypotension, respiratory depression, 
vomiting, aspiration, allergies)

• Reaction to local anesthesia, allergy to topical antiseptic or 
dressings
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an indispensable tool to guide the accuracy, safety, and per-
formance of pleural intervention at the bedside; its use is 
now commonplace and strongly recommended by many 
regulatory bodies for all pleural �uid procedures.15,16 Risk 
of damage to underlying structures increases with small or 
multiloculated e�usions, visceral adhesions, and unrecog-
nized organ malposition, all of which are readily identi�ed 
by US17 (see Figure 42.1). In one study of patients who had a 
failed blind pleural aspiration, 38% had the procedure per-
formed at the incorrect site, 31% had no �uid present, 11% 
had loculations, and 11% had parenchymal consolidation or 
tumor.18 Hirsch et al.19 reported that US-guided thoracen-
tesis was successful in 87% of patients who had previously 
failed an attempted aspiration guided by physical examina-
tion and chest radiography. If US-guided site selection is 
not performed immediately before pleural access, patient 
repositioning can render a previously marked insertion site 
inaccurate due to movement of the skin mark or �uid col-
lection, therefore increasing the risk of complications.20

Intercostal vessel laceration (artery or vein) can cause mas-
sive and potentially fatal bleeding into the pleural cavity, as 
blood may continue to accumulate in a large potential space. 
Clinician’s must be aware of the varied anatomy and path of 
the intercostal vessels, as little protection is o�ered from the 
subcostal groove of the superior rib over the �rst 6 cm lateral 
to the spine.21 Posterior approaches, therefore, increase the 
risk of bleeding, as does older age, which increases vessel tor-
tuosity.21 Doppler US can be used to help identify intercostal 
vessels,22 but operator skill and scanning factors mean that 
US cannot currently be relied on to ensure no risk of intercos-
tal vessel puncture.23 Bleeding diatheses and the use of anti-
coagulant and antiplatelet therapy may increase the risk of 
bleeding. It is not always possible, however, to correct coagu-
lation abnormalities before a procedure, especially in urgent 
situations. A retrospective review of 608 patients undergoing 
thoracentesis or paracentesis24 found that mild coagulopathy 

(international normalized ratio [INR] <1.5 or platelet counts 
50–99) did not adversely a�ect the risk of bleeding. Recent 
studies have suggested US-guided procedures can be safe in 
those with uncorrected bleeding risk25 or receiving clopido-
grel;26 however, further study is needed. It may be di�cult to 
reverse  bleeding  tendency acutely in patients receiving new 
oral anticoagulant treatments, and the INR does not provide 
a marker of bleeding risk in these patients.27–29

Pneumothorax is a common complication, being reported 
in up to 18% of aspirations, with an average rate of about 
5%. Less than 2% of pneumothorax following thoracentesis 
require drain insertion.30 Pneumothoraces may result from (a) 
puncture of the visceral pleura by equipment with subsequent 
air leak, (b) spontaneous visceral pleural air leaks induced by 
transient pressure gradients during lung expansion, (c) inad-
vertent entry of atmospheric air through the drainage device 
into the pleural space, and (d) incomplete lung expansion 
(trapped or entrapped lung), which ensures that some air will 
enter the pleural space, without any ongoing visceral pleural 
air leak.31 Studies have shown three main factors to be pre-
dictive of pneumothorax development: larger volumes of �uid 
removal (>1.5 L), reduced operator experience, and lack of US 
use. A retrospective study showed that the risk of pneumotho-
rax increases by up to three fold with aspiration of 1.8–2.2 L 
compared with <1.2 L.32 Each of the proposed mechanisms of 
pneumothorax (except inadvertent entry of atmospheric air) 
may become more likely with a greater volume of drainage. A 
meta-analysis by Gordon et al.33 highlighted the value of oper-
ator expertise and use of US in reducing pneumothorax rates. 
�oracentesis without US was associated with a signi�cantly 
higher risk of pneumothorax (odds ratio 2.6, 95% con�dence 
interval 1.8–3.8), because the use of US avoids inadvertent 
lung puncture. Lower rates were observed with experienced 
operators (3.9%) versus inexperienced operators (8.5%). �e 
number of procedures performed also appears important, 
with studies reporting >200 thoracenteses having signi�cantly 

Figure 42.1 (a) Chest X-ray (CXR) of a patient presumed to have a right-sided pleural effusion (b) Ultrasound appearance 
confirmed dense lung consolidation (C) with a small rim of fluid (E) rather than a significant effusion.

(a) (b)

C

E
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fewer pneumothoraces than those reporting fewer total proce-
dures (4.7% vs. 9.2%).

Reexpansion pulmonary edema (RPE) is a rarer compli-
cation (<1%) of thoracentesis30 or chest tube insertion,16 but 
asymptomatic, radiologically apparent RPE may be more 
frequent (see Figure 42.2). It is caused by leaky pulmonary 
capillaries and most commonly is con�ned to the lung, 
which has been drained. Rarely it can be bilateral.34 RPE is 
more likely in patients with a longstanding large e�usion or 
pneumothorax.16 Aspiration or rapid drainage of large vol-
umes of �uid or air (more than 1 L) and the generation of a 
strongly negative pleural pressure (−20 cmH2O or less) have 
been implicated as risk factors.1 Some studies have, however, 
shown it may be safe to aspirate large volumes (>3 L) of �uid 
without the development of clinical or radiographic RPE.35

Pain with needle insertion is commonly due to poor local 
anesthetic technique, with the parietal pleura, cutaneous lay-
ers, and periosteum particularly sensitive. A poorly localized 
pain may develop abruptly during drainage and then persist 
following drainage due to negative intrapleural pressure.

 COMPLICATIONS SPECIFIC TO CHEST 
DRAIN INSERTION

Drain malposition may be categorized as intraparenchy-
mal, intra�ssural, or extrathoracic. Intraparenchymal 
tube placement occurs more commonly in the presence of 
pleural adhesions or preexisting pulmonary disease9 (see 
Figure 42.3).

Iatrogenic infection with chest tube insertion is common, 
which contrasts with a very low rate of infection with thora-
centesis.36 Risk of infection increases with multiple attempts 

at pleural access, prolonged drainage, following thoracic 
trauma, pushing an already in situ drain in further, and 
reinserting a drain through the same hole as a previously 
dislodged drain.16 Iatrogenic chest wall infection may range 
from localized cellulitis to necrotizing fasciitis. Iatrogenic 
pleural infection has an incidence of 1%–3%,30 but the rate 

Figure 42.2 CXR pre- (a) and post- (b) drainage of a chronic pleural effusion. Left-sided reexpansion pulmonary edema 
(asterisk) is evident, although the patient was completely asymptomatic.

(a)

(b)

Figure 42.3 Computed tomography (CT) scan showing 
a right-sided chest drain lying within lung parenchyma 
adjacent to a bulla. Lung bullae can be misinterpreted as a 
pneumothorax on CXR.
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of empyema and wound infection in trauma cases has been 
reported to be as high as 5.8%–13%.37

Drain dislodgement/blockage is a common problem with 
a wide incidence over multiple studies.8 A study of small-
bore drains in one center over a 12-month period reported 
that 21% of the drains fell out and 9% became blocked, with 
13% of patients requiring repeat procedures.38 Drain block-
age is o�en due to �brinous material within the pleural 
�uid, and rates of drain blockage were signi�cantly reduced 
by regular �ushes in this study.38 Nonfunctional drains may 
also be due to kinking or angulation. Risk of accidental 
removal or drain migration (see Figure 42.4) is increased by 
inadequate securing techniques.

Air leak and subcutaneous emphysema resulting from 
chest drain insertion is more likely to develop and prog-
ress with a larger parietal pleural defect around the tube 
and/or rapid accumulation of air under positive pres-
sure in the pleural space (e.g., due to a large air leak, 
which exceeds the capacity of the tube to drain it).30 
Subcutaneous emphysema is more commonly associated 
with trauma, bronchopleural �stula, large and bilateral 
pneumothoraces, and mechanical ventilation.39 It is usu-
ally localized but may worsen due to poor tube placement, 
tube blockage, side port migration, and the presence of 
multiple drains.39

Ongoing pain is a frequent complication of drain place-
ment, but incidence is not routinely reported. In one study, 
50% of patients experienced pain levels of 9–10 (out of 10) 
during drain insertion.40 Lack of premedication and/or 
inadequate use local anesthesia contributes to the problem. 
Pain also may be due to irritation of the parietal pleura 

remote from the insertion site. With either mechanism, the 
pain will dramatically improve immediately following chest 
tube removal. Large-bore drains have been shown to cause 
substantially higher pain scores during insertion and while 
in situ than in comparable patients in whom small-bore 
drains have been inserted for the same indication.41 Chronic 
pain a�er chest tube insertion may be caused by injury to 
the intercostal nerves.

 PROCEDURAL STEPS TO PREVENT OR 
MINIMIZE COMPLICATIONS

PREPARATION

Assess patients to ensure there is (1) an appropriate indi- 
cation, with the optimal choice of procedure selected, 
(2) identi�cation of any contraindications or risks for com-
plications. Complications are prevented by avoiding unnec-
essary procedures.8 Patients with anatomic factors such as 
obesity, distorted anatomy, and small targets (small or locu-
lated e�usion or pneumothorax) have an increased risk that 
the needle/instruments will not traverse an ideal path.16,30 
Although these risks may not be modi�able, they may be 
minimized by ensuring maximal operator experience and 
image guidance.

Prepare patients with fully informed consent. Sedation 
and opioid analgesia is considered when the patient is anx-
ious, or requires chest tube insertion, to reduce the risk 
of distressing pain or anxiety.16 If sedation is planned for 

Figure 42.4 (a) CXR showing a well-positioned chest drain (arrows) inserted for treatment of a left malignant pleural 
 effusion. Trapped lung is revealed after fluid removal. (b) The drain subsequently migrated out of the pleural space to 
sit within the chest wall (arrows).

(a)

(b)
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elective procedures, the patient should be nil by mouth for 
an appropriate period.42

Risks for bleeding may be corrected if appropriate. It 
is recommended to reverse therapeutic heparin or low 
molecular weight heparin, correct the INR to 1.5 or less, 
and correct the platelet count to >50 (with normal plate-
let function) at the time of pleural puncture.16 Hematology 
advice may be required for patients on new oral anticoagu-
lant treatments.

With chest tubes inserted for trauma, the risk of infec-
tion may be reduced by antibiotics before and during drain-
age. A meta-analysis of prophylactic antibiotics in patients 
requiring chest drain for thoracic trauma demonstrated an 
absolute risk reduction for pleural infection of 5.5%–7.1%.37

Prepare the team for the procedure and ensure the opera-
tor has adequate experience and supervision. Procedures 
should be avoided outside hours wherever possible,3 and all 
equipment prepared and checked. Take time to allow com-
munication to ensure the correct patient, procedure and site 
are selected,43,44 and review allergies and all available imag-
ing (CXR/computed tomography [CT]).

SITE SELECTION

For chest tube insertion, the safe triangle in the fourth or 
��h intercostal space between the pectoralis major and 
latissimus dorsi is a good starting point, as o�en this site 
enables pleural entry above the diaphragm and avoids the 
heart.8,16 For diagnostic or therapeutic �uid aspiration, the 
safe triangle can also be used.16 Alternatively, a posterolat-
eral US-guided approach at least 10 cm lateral to the spinous 
processes should help minimize the risk of puncturing the 
intercostal vessels.45

�e safety of the selected site must be con�rmed with US. 
US should be used to mark a spot with an adequate depth of 
�uid for the planned procedure, with no risk of puncturing 
the lung or other organs. US identi�es tethered or collapsed 
lung adjacent to a proposed pleural entry, raised diaphragm, 
cardiomegaly or pleural thickening, and assesses the mar-
gin for error in overinserting needles and dilators.16,45 US is 
performed just before the procedure, with the patient in the 
same position as for the procedure. For a further descrip-
tion of how to ensure that the needle traverses the imaged 
trajectory safely, further reading is suggested.46

TECHNIQUE

Risk of infection may be reduced by proper sterile tech-
nique.47 For chest tube insertion with the Seldinger tech-
nique, the sterile drape must be su�ciently large to prevent 
contamination of the guide wire.

Pain on insertion may be minimized by careful applica-
tion of local anesthetic. �e subcutaneous tissues are rela-
tively insensitive, and most of the local anesthetic should be 
delivered to the subpleural region and skin.16 Skin in�ltra-
tion should include areas where sutures will be inserted. �e 

subpleural region is anesthetized by �rst determining the 
most super�cial depth where �uid/air is still able to be aspi-
rated, and then withdrawing the needle 3–5 mm and inject-
ing local anesthetic. Several di�erent angles of the needle 
will allow a wider area of the pleura to be anesthetized.

Accessing the pleural space with needle or wire: �e needle 
entering the pleura should traverse the lower 50% of the inter-
costal space, ideally just above the rib, to reduce the risk of 
puncture of intercostal vessels.16,45 Careful technique should 
ensure that the needle used to enter the pleural space (for 
either thoracentesis or Seldinger technique) follows a similar 
angle to the local anesthetic needle, thus avoiding a nonanes-
thetized path. If unable to aspirate the expected �uid or air 
with a needle, there are only two possibilities: (1) the needle tip 
is not in the pleural space (with a risk of causing serious organ 
injury with guide wire, dilator, and/or chest tube insertion); or 
(2) the needle is in very viscous �uid, which may be di�cult 
to drain. It is essential to cease the procedure at this point and 
obtain further imaging guidance such as a CT chest.

For several reasons, it is important that the distance from 
skin entry to �rst aspiration of pleural �uid is carefully con-
trolled and measured. It ensures that the needle remains in 
the pleural space, which is crucial for successful guide wire 
insertion and prevents extrapleural chest tube placement. It 
allows measurement of the minimum distance that dilators 
must be inserted, which generally will be 1 cm greater than 
the distance to pleural entry to allow for the tapered tip. �is 
helps prevent organ (e.g., lung) injury with excessive inser-
tion of dilators. �is distance also guides an estimate of the 
distance the chest tube should later be inserted to achieve 
an optimal position of the proximal side hole. Inserting the 
guide wire should have no abnormal resistance and know-
ing what this resistance feels like, as well as how far to insert 
the guide wire, are just a few examples of the training ben-
e�ts of simulation.17,48,49

Inserting dilators and chest tube: Maximal external 
diameter of dilators should be similar to the chest tube to 
minimize the probability of leakage of pleural contents. 
�e chest tube should be inserted without resistance until 
the most proximal side hole is 5–10 cm inside the pleural 
space.16 A�er insertion, aspirate the tube to ensure that 
expected �uid/air is able to be removed. A�er connection to 
underwater seal, con�rm pleural pressure �uctuations (and 
bubbling if this is expected). If these are not detected, sub-
optimal drain position should be suspected.

Control of drainage volume: Removal of 1–1.5 L of �uid 
with thoracentesis is usually su�cient to provide some relief 
of dyspnea. Some patients with trapped or entrapped lung 
may experience signi�cant chest pain caused by negative 
pleural pressures following smaller volumes of drainage.35 
In general, drainage with thoracentesis should be ceased 
a�er 1.5 L or when patients develop persistent cough or 
poorly localized chest discomfort.16 Drainage through chest 
tubes is similarly recommended to be clamped a�er 1.5 L in 
the �rst hour, and then drained slowly.16

Some studies have aspirated larger volumes of �uid while 
monitoring pleural manometry. �e largest series included 
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87 patients with >1.5 L removed with thoracentesis, with no 
demonstrable increased risk of clinically signi�cant RPE or 
pneumothorax.35,50 In these studies, �uid removal was ter-
minated with (1) complete drainage, (2) excessively nega-
tive intrapleural pressures (−20 cmH20 or less), or (3) poorly 
localized chest discomfort.35,50

Securing tube: More than one method to secure the tube 
is recommended to prevent accidental removal. A  strong 
anchoring suture to the skin and subcutaneous tissue 
may have the free ends wrapped around the tube and tied 
securely. It is important to control the tension of the suture 
so the tube is not kinked. Purpose designed snaplock-adher-
ent securing devices are available for some chest tubes. �e 
occlusive dressing may cover the tube and have a mesenteric 
tag �rmly attaching the tube to the skin. Some chest tubes 
have a pigtail curve in the catheter tip.

AFTERCARE

A�er thoracentesis, routine CXR may not be required if 
there is no clinical suspicion of air leak,16,45 as pneumo-
thorax requiring intervention is usually associated with 
aspirated air.51–53 However, CXR a�er thoracentesis may 
usefully assess lung expansion, as well as providing a base-
line to assess subsequent rate of �uid accumulation. Hence 
it can sometimes guide therapeutic decisions. A CXR 
should always be performed within a few hours a�er chest 
tube insertion to assess tube position and lung expansion, as 
well as detecting complications such as air leak or bleeding.

Patients require regular monitoring of pulse oximetry, 
heart rate, respiratory rate, and blood pressure for at least 
several hours following any pleural procedure. Presence of 
air leak, respiratory swing of the water seal, �uid appear-
ance, and drainage volume should be regularly recorded fol-
lowing chest tube insertion. �e tube site should be checked 
regularly for signs of infection.16 Digital air leak monitoring 
may allow objective and standardized quanti�cation of the 
rate and duration of air leak.54,55 �is may allow con�dent 
earlier identi�cation of the cessation of air leak, which can 
facilitate earlier chest tube removal.56,57

 SAFETY MEASURES TO PREVENT 
COMPLICATIONS IN YOUR 
INSTITUTION

�e above approach may help minimize the risk for adverse 
events caused by an individual procedure when performed 
by a competent team within a safe health-care system. 
However, the factors that increase the risk of a procedure 
are o�en related to health-care culture, and departmen-
tal and hospital practices and systems. �ese factors vary 
between di�erent hospital settings.

We describe a framework of system safety58 relevant to 
pleural disease. From this perspective, programs to improve 
patient safety are more e�ective when they use tools or 

processes at weak points within the work system.59 Such 
tools may include standardizing equipment and procedures, 
checklists, and information technology.

Adverse events may be contributed to by

 ● Patient factors, which increase risk. �ese are o�en 
unavoidable, although it is useful to recognize them 
since additional risk minimization steps may be added 
to protect these patients.

 ● Human error, which is made up of
 ● Variable individual technical or decision-making 

factors. Inadequate training may contribute. 
A  survey of U.K. National Health Service trusts 
in 2008 showed that the majority did not have a 
formal training policy for chest drain insertion.60 
Junior doctors’ knowledge, training,  experience, 
and  con�dence in pleural procedural skills are 
still highly variable.61,62 Training (including 
 simulation) may help to reduce the variability of this 
between individual operators and improve group 
performance.49

 ● Work system factors58,63

– Personnel: especially teamwork and 
communication

– Physical work environment
– Technology and tool design
– Task and workload factors
– Organizational variables

From the system perspective, random individual vari-
ability exposes weaknesses in the system. �e combination 
of individual and system weaknesses align at multiple levels 
to cause an error.59

Safety programs will be less e�ective when they focus 
predominantly on blaming the competency of the individ-
ual who committed an error or exclusively on training to 
reduce variability in individual competency.64 To improve 
the quality and safety of a clinical service, a transparent 
process is required, which encourages accurate reporting 
and analysis of adverse events and engages and empow-
ers the health-care team to change their culture and pro-
cesses.17 A change in culture to an optimal safety culture is 
a vital requirement.

Learning how to achieve a culture of safety can be mod-
eled on highly reliable organizations such as air tra�c con-
trol centers. Such organizations safely manage complex and 
demanding technologies, while maintaining the capacity 
to perform di�cult tasks under intense time  pressure.59,63 
Organizations which face these challenges with minimal or 
no catastrophic events have the following characteristics:

 ● Intermittently intense transparent communication 
focused on safety goals.

 ● View measured outcomes as only an indicator of the 
success of an overall approach to improve processes.

 ● Maintain a consistent preoccupation with the possibility 
of failure, e.g., using tools such as reminders.
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 ● Expect errors and train their workforce to recognize 
and recover from these. �ey continually rehearse 
familiar scenarios of failure and actively look for new 
failure scenarios. Examples of simulated scenarios that 
could be applied to pleural intervention include pneu-
mothorax or bleeding a�er a thoracentesis or a delib-
erately inverted chest X-ray as a potential trigger for a 
wrong-sided procedure.

 ● Look for system reforms to prevent errors including 
near-miss adverse events.

Work system factors which may be able to be modi�ed to 
improve pleural safety include:

Personnel: Suboptimal teamwork and communication 
are recognized as common contributing factors to pro-
cedural adverse events and contribute to serious adverse 
events with pleural procedures.3,43 Although wrong-side 
pleural procedures are not very common, they represent 
a high proportion of serious adverse events and can be 
prevented with careful patient-centered communication 
among team members.3,43 “Time out” checks by two team 
members have been shown to reduce the risk of wrong site 
or wrong side surgical errors43 and should be mandated for 
any pleural intervention.

Failures of patient monitoring may occur if clear roles 
are not established. A familiar team (including nurses ± 
medical assistants familiar with each other and the proce-
dure) has been shown to improve the e�ciency of nonpleu-
ral operations.63 Preprocedure brie�ngs of the team have 
also been shown to improve e�ciency and outcomes for 
nonpleural procedures.65

The physical work environment ideally is a dedicated and 
well-designed procedure room. Adequate space with good 
design of the layout and minimal clutter are essential to 
help ensure equipment and operator sterility and enable 
e�cient completion of procedures.66 Well-designed ergo-
nomics for a procedure room allow easy review of appro-
priate imaging, and space where all required equipment 
can be prepared. Background noise and conversations 
may be a source of distraction. For nonpleural procedures, 
a “sterile cockpit,” which minimizes such distraction at 
critical phases has been shown to prevent communication 
errors.67

Technology and tool design: It is optimal to use standard-
ized equipment as much as possible across di�erent areas of 
a health-care system. Small-bore chest tubes inserted with 
the Seldinger technique are currently most commonly used 
for chest tube drainage of pneumothorax and nontraumatic 
pleural e�usion in many settings. Di�erent chest tube kits 
have a wide array of variable design features. �e use of dif-
ferent kits promotes lack of familiarity, which may contrib-
ute to adverse events. For example, chest tube kits designed 
for pigtail curvature of the catheter end might help prevent 
accidental withdrawal. However, some but not all commer-
cially available catheters have locking mechanisms to main-
tain a tight pigtail, which must be released prior to removal 
to prevent pain and trauma.

Equipment may be designed to minimize the risk of 
adverse events, but in turn, safety design features may cre-
ate new opportunities for adverse events. For example, 
some thoracentesis kits have been designed to minimize 
the potential risk of lung puncture during thoracentesis 
by avoiding any possibility of an exposed needle during 
drainage (using a needle–catheter assembly with a catheter 
inserted a�er initial needle insertion).68 However, a catheter 
inside a needle device has been reported to cause shear-
ing o� of the catheter tip during insertion, which can be 
retained in the patient a�er removal.69

Operator safety should be considered in selecting stan-
dardized equipment. �e risk of needlestick injury may be 
improved by needle assembly design, although this might 
alter the ease of insertion of some equipment. Other fac-
tors such as cost, ease of use, and ease of training need to 
be considered in selecting equipment. �e introduction 
of any new drainage equipment to a health-care system 
should have close evaluation. Logically, there should be 
speci�c training with new equipment in a simulated envi-
ronment before unfamiliar drainage equipment is used in 
patients.17,49

Task and workload factors: Both physical and mental 
workload during procedures independently contribute to 
operator stress, fatigue, and reduced cognitive function, 
which in turn may cause errors. Strategies to reduce physical 
and mental workload include standardized procedures and 
checklists, rest breaks, and technology (e.g., automation).63 
Checklists are particularly helpful with multiple step pro-
cedures, or where the timing of steps is critical.70 Design of 
checklists is important, as poorly designed checklists can 
lead to errors, and an excess of items to check may lead to 
“checklist fatigue.”70 See et al.71 successfully designed and 
implemented a checklist for US-guided pleural procedures, 
which signi�cantly reduced the rate of complications from 
8.3% to 1.5% of pleural procedures.

Organizational variables include leadership, which 
promotes a safety culture with an enduring focus on 
quality of patient care, and accountability for patient 
outcomes, at all levels.59 Organizations should support 
training (theoretical and simulation) but equally support 
credentialing and accreditation processes, which restrict 
those who can perform/supervise procedures to individu-
als who are likely to achieve the least risk of complica-
tions.17,64 Duncan et al. introduced a multifaceted quality 
improvement program for thoracentesis, which included 
the implementation of US guidance, as well as improving 
general procedural expertise. Previously 44 procedural-
ists were accredited with 58 procedures performed with-
out US over a 12-month period. Following the program 
of training and competency assessment, only �ve consul-
tants were accredited to perform thoracentesis with US, 
and the rate of pneumothorax signi�cantly reduced from 
8.8% to 1.1%.48

Analysis of weak points and design of changes in the 
system need to be embraced and endorsed within organi-
zations at a local level. Improved pleural safety depends 
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on locally respected experts actively championing quality 
improvement.72 �is local leadership may be achieved by 
recognizing and appropriately resourcing a pleural lead 
consultant and nurse.30,45

 RECOGNITION AND TREATMENT OF 
ACUTE COMPLICATIONS

Hemorrhage secondary to pleural intervention must be rap-
idly identi�ed and acted on. Every department should have 
a predetermined protocol for severe bleeding that can be 
followed to prevent life-threatening delays in an emergency. 

�e most catastrophic cause of bleeding is cardiac perfora-
tion. �is leads to immediate return of a continuous stream 
of pulsatile blood from the chest drain, associated with 
marked hypotension and hemorrhagic shock. Standard 
resuscitation measures should begin instantly. �e drain 
must not be removed but must be occluded to prevent 
exsanguination, with immediate cardiothoracic surgical 
involvement.

Intercostal vessel damage may cause mild or profuse 
intrapleural hemorrhage depending on the severity of vessel 
injury. Drainage of newly blood stained �uid, any sign of 
hemodynamic compromise, or increasing volume of pleu-
ral �uid postintervention (see Figure 42.5) suggests intra-
pleural hemorrhage.30 Bedside US can be very useful in this 

(a)
(b)

Figure 42.5 Intrapleural hemorrhage caused by thoracentesis. (a) CXR prethoracentesis, (b) CXR post-thoracentesis 
demonstrating large increase in effusion size, (c) drain insertion allowed evacuation of the hemothorax and monitoring of 
blood loss, and (d) CT scan confirming the extent of bleeding (asterisk = echogenic blood within the effusion).

(c)

(d)
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scenario by identifying accumulation of new echogenic pleu-
ral �uid suggesting intrapleural blood. Factors determining 
immediate management include the clinical stability of the 
patient and the suspected site and rate of hemorrhage. In 
addition to resuscitative measures, prolonged external pres-
sure over the site of pleural puncture may temporarily slow 
or even terminate the bleeding. Drain insertion is advocated 
to monitor the rate of hemorrhage and re-expand the lung. 
Interventional procedures are needed for de�nitive treat-
ment if there is persistent blood loss of >200 mL/h and the 
need for repeated blood transfusions to maintain hemody-
namic stability.73 Options include radiological angiographic 
embolization of an identi�able bleeding source or surgical 
exploration with vessel ligation.

Drain malposition should be suspected early when there 
is inadequate drainage of �uid or air (see “Technique” and 
“A�ercare”). Clinical manifestations may be absent and 
will depend on the location of the drain. A CT scan should 
be obtained, which has been shown to be more accurate 
than frontal and lateral chest radiographs in assessing tube 
position.74

RPE should be considered if the patient develops acute 
onset breathlessness, chest discomfort, and alveolar in�l-
trates a�er draining a large volume of �uid or air. �e 
clinical picture may vary from asymptomatic radiologi-
cal �ndings to respiratory failure with circulatory shock.39 
Oxygen therapy and close cardiovascular and respiratory 
monitoring are su�cient measures in many cases, but tem-
porary continuous positive airway pressure may be required 
in severe cases.75

Visceral pleural air leak following pleural intervention 
may necessitate treatment if it is persistent/prolonged. One 
approach is a 12–14 Fr catheter for aspiration, and if this 
is unsuccessful, the tube continues to drain until the air 
leak ceases. Most cases resolve spontaneously, and the risk 
of recurrence is minimal if there is no other parenchymal 
pathology. Some cases of prolonged but relatively mild vis-
ceral pleural air leak associated with trapped or entrapped 
lung may have the chest tube removed without any adverse 
e�ect.

Subcutaneous emphysema may present as skin crepitus 
or may be an occult radiological �nding. Although usu-
ally minor and self-limiting, it can become extensive and 
cause extreme discomfort, dis�gurement, and anxiety38,39 
(see Figure 42.6). Severe cases have been reported to cause 
upper airway obstruction due to neck so� tissue swell-
ing,76 and intubation for airway protection may be needed 
in this situation. Subcutaneous emphysema should always 
be noted and frequently reevaluated for early detection of 
progression, as this must prompt the clinician to assess 
drain function and position. Suction applied to the chest 
drain may be helpful. A larger chest drain may be required 
if there is a persistent high volume air leak. Subcutaneous 
incisions or drains to decompress the so� tissues are rarely 
required.

FUTURE DIRECTIONS

�ere is a general paucity of data in the �eld of pleural pro-
cedural safety, with many guidelines and recommenda-
tions predominantly based on expert opinions. Particular 
areas of uncertainty remain, where further research is 
necessary to guide best possible care. One example is the 
role of prophylactic antibiotics and other measures to pre-
vent infection when chest tubes are inserted for nontrau-
matic causes. �is research could initially focus on pleural 
procedures with a higher risk of infection, such as tun-
neled pleural catheters. Research into the e�ect of system 
changes to improve communication and cohesion during 
pleural procedures is required. Preprocedure brie�ngs 
may be particularly helpful for more complicated pleural 
procedures or where sta� are less familiar with each other. 
Additionally, studies comparing adverse event rates with 
di�erent equipment used in the same health-care setting 
would be bene�cial. Such research should seek to guide 
intelligent equipment design and guide the selection of 
standardized equipment. A related hypothesis is that close 
evaluation and simulation training can compensate for 
any equipment design faults and may be a more important 
determinant of safety outcomes than the speci�c choice of 
equipment.

Figure 42.6 Severe subcutaneous emphysema  
involving the upper limbs, chest wall, neck, and face 
in a patient with a large bronchopleural fistula. The 
extent of the emphysema significantly worsened 
after chest drain  dislodgement. There was no airway 
compromise.
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CONCLUSION

Complications of pleural procedures are common and may 
be serious or life-threatening. Major complications have 
most o�en been caused when drainage equipment traverses 
an unintended path, leading to vessel or organ damage. US 
guidance should be routinely and pro�ciently used to pre-
vent organ damage. Other speci�c causes of complications 
include excessively rapid lung expansion, disruption of the 
normal barrier between the skin/chest wall/pleura, equip-
ment failure, and the patient's neurosensory response.

Careful selection of the appropriate procedure, with 
avoidance of unnecessary procedures or procedures per-
formed outside normal hours, will improve safety. Optimal 
preparation and insertion technique helps prevent compli-
cations, and careful a�ercare may detect and mitigate any 
complications at an early stage. Patient safety is best main-
tained by an e�ective work system, which has optimal per-
sonnel, environment, tools, workload, and organizational 
factors. Supervision and credentialing are key require-
ments, and an optimal safety culture is essential.
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Drainage techniques

HENRI COLT

KEY POINTS

 ● Drainage techniques of the pleural cavity are based on the premise of safe access, sterile technique, satisfactory 
re-expansion of underlying lung and avoidance of pleural or pulmonary injury, and adequate evacuation of �uid 
or air.

 ● A variety of needles, tubes, and catheters are used. Each requires speci�c expertise and manual dexterity.
 ● Closed-needle biopsy, although still performed for diagnosis of cancer or tuberculosis, is being increasingly 

replaced by thoracoscopy in many centers.
 ● �ere is no clear-cut demonstrated advantage for small- or large-bore chest tubes. �erefore, operators should be 

aware of the advantages and disadvantages of each.
 ● New catheters and indwelling tubes that allow permanent evacuation of �uid, particularly in patients su�ering 

from recurrent e�usion and trapped lung, warrant greater attention and increased use.
 ● Physician training and education using inanimate models and validated assessment tools will help objectively 

measure and document technical skill and decision-making abilities, increase patient safety, and enhance a more 
compassionate practice of medical care at the bedside.
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INTRODUCTION

Health care providers today must do their best to choose 
the most appropriate diagnostic or therapeutic drainage 
procedure among those available for a particular patient. 
�is is not always a simple task, demanding thought, exper-
tise, and experience. Indications should be individualized. 
Ideally, operators should be aware of or experienced in sev-
eral methods of drainage so that choices are based upon 
what is best for the patient and not on what is simply avail-
able within a single physician’s personal procedural arsenal. 
In the next paragraphs a step-by-step approach to several 
drainage techniques used to diagnose and treat patients 
with pleural diseases is described.

THORACENTESIS

 DEFINITION, INDICATIONS, AND 
CONTRAINDICATIONS

�oracentesis is de�ned as a drainage technique during 
which a needle is inserted into the pleural cavity to remove 
�uid. �e major indication for a diagnostic thoracentesis 
is when a patient has a �rst episode pleural e�usion unless 
�uid overload is the obvious cause. Such a procedure is 
safely performed at the bedside, in a special procedure unit 
or operating theater, in the intensive care unit or in a radiol-
ogy suite using a variety of instruments.

�e major contraindication is found in patients with 
bleeding disorders. Although caution is obviously neces-
sary in patients receiving anticoagulants or thrombolytic 
agents,1 using small needles, thoracentesis is safe even in 
these individuals. Several studies have demonstrated no 
increased risk of bleeding despite presence of a low plate-
let count (25,000 per mm3 or less). As in procedures such 
as �exible bronchoscopy, patients with uremia and elevated 
creatinine levels are at potential risk for bleeding. Careful 
technique and the use of pleural ultrasonography further 
increase the  safety of thoracentesis. Care is always taken 
to avoid the intercostal vascular bundle, the perforation of 
which, even in a patient who is not anticoagulated, can result 
in signi�cant blood loss into the pleural cavity. Another 
contraindication to thoracentesis is a severely infected chest 
wall or overlying skin (pyoderma or herpes zoster). In this 
situation, thoracentesis should be performed in an area 
adjacent to but not part of the infected region.

Today, it is also well accepted that this procedure is also 
safe in critically ill or mechanically ventilated patients. In 
these patients, the major risk is that of procedure-related 
pneumothorax. Although the introduction of a small 
amount of air into the pleural cavity is usually without con-
sequence, iatrogenic penetration or perforation of the lung 
parenchyma resulting in a visceral pleural tear and air leak 

frequently prompts chest tube insertion in mechanically 
ventilated patients.

 POSITIONING PATIENT FOR 
THORACENTESIS

Several positions are possible for patients undergoing tho-
racentesis. Most important is the overall comfort of the 
patient, operator, and assistants. �e patient might sit on 
the bed, or on a stool with their back straight and upright. 
�e arms may rest on a pillow placed on a gurney or table in 
front of them. Behind the patient, a rotating or swivel stool 
is placed for the operator. To the operator’s le� or right, 
depending on whether the operator is le�- or right-handed, 
a small procedure table holds all the necessary instrumen-
tation. Once set up as a sterile procedure, additional nurs-
ing or technician assistance is not actually required. �us, 
a single operator without assistance readily performs thora-
centesis. �e object is for the operator to have ready access 
to all instrumentation, as well as to be able to comfort the 
patient during the entire procedure (Figure 43.1). �e opera-
tor’s assistant, rather than handle instruments, can monitor 
patients’ vital signs, and provide verbal and physical reas-
surance to the patient during the procedure.

�e patient is positioned sitting with their back verti-
cal so that the lowest part of the hemithorax is posterior. 
Indeed, if the patient leans forward too far, the lowest part 
of the hemithorax moves anteriorly and no �uid �ows pos-
teriorly. In patients with small pleural e�usions collecting 
in the costophrenic or cardiophrenic angles, patients can 
be asked to lean slightly to the right or to the le� depend-
ing on the situation. When ultrasound guidance is used for 
thoracentesis, �uid is readily withdrawn using this posterior 
approach. Here too, although the patient maintains the same 
sitting position, the patient can be rotated slightly to the le� 
or to the right, or be asked to lean to the le� or to the right to 
identify ultrasonographically a small or loculated e�usion.

Figure 43.1 Patient position during preparation for 
thoracentesis.
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On some occasions, patients are too ill to assume a sitting 
position. In other cases, patients are unable to come to a proce-
dure suite and procedures must be performed at the bedside. 
When performed at the bedside, it is best is to have a small 
footstool placed on the �oor for the patient to have a place to 
rest their feet. �e bed should be elevated so that the operator 
does not have to stoop. �e operator may sit on the bed behind 
the patient, or remain standing. I �nd it most comfortable for 
the patient to sit on the side of the bed with their arms and 
head resting on one or more pillows placed on a bedside table. 
O�en, a family member is present to help support and reas-
sure the patient. In other instances, procedures are performed 
with patients lying in a lateral decubitus position, lying on 
the side of the pleural e�usion. In other instances, particu-
larly in the intensive care unit with mechanically ventilated or 
unstable patients, the procedure must be carried out with the 
patient sitting upright. In these instances, the rolled bedsheet 
technique described later in this chapter is readily employed.

 SELECTING THE AREA FOR 
THORACENTESIS

Physical examination will reveal decreased breath sounds in 
the area of pleural �uid and loss of tactile fremitous. Light per-
cussion will become dull. It is generally taught that thoracen-
tesis should be attempted one interspace below the spot where 
tactile fremitous is lost and percussion note becomes dull. 
One must recognize, however, the position of the diaphragm, 
which, in the lateral decubitus position might ride as high as 
the fourth intercostal space: failed thoracenteses are usually 
the result of inserting the needle too low in the hemithorax. 
A low thoracentesis attempt also increases the potential risk 
for hepatic or splenic perforation. Chest radiographs and or 
computed tomography scans should be reviewed.

�oracentesis is usually performed through the posterior 
chest, several inches lateral to the spine in an area where the 
ribs are easily palpated. Posteriorly, the intercostal bundle is 
still near the middle of the intercostal space for a distance 
approximately 12–13 cm from the spine. It is only here that 
the intercostal bundle truly runs directly behind the rib in 
the intercostal notch. �is intercostal bundle includes arter-
ies, veins, and nerves. It is also traditionally taught, there-
fore, that the thoracentesis needle should be introduced 
“above the rib below,” so that the needle is inserted just supe-
rior to the rib itself, substantially decreasing potential injury 
to the intercostal vascular bundle. I have o�en found that 
my selected site is three �ngerbreadths below the tip of the 
scapula, slightly medial or slightly lateral to the mid-scap-
ular line.

Pleural ultrasonography is a safe and simple noninva-
sive technique for determining the presence of pleural �uid 
when physical examination is unclear, or when radiographs 
and computed tomography scans suggest that the e�usion 
is small or loculated. Pleural ultrasonography can be per-
formed at the patient’s bedside, as well as on fully sedated 

individuals, and requires no cooperation or e�ort on the 
part of the patient. In addition, pleural ultrasonography 
yields information about the quantity and quality of the 
pleural �uid, including the presence or absence of locula-
tions and the precise locations of loculated pockets of �uid. 
Associated pleural masses and lung parenchymal abnor-
malities such as consolidation are also seen.

Most studies show that complications are decreased in 
patients undergoing thoracentesis with pleural ultrasonog-
raphy compared with those performed without ultrasound 
guidance.2–5 Practically speaking though, most thoracente-
ses can be safely performed without it. Should it be impos-
sible to obtain pleural �uid, patients can then be referred 
to interventional radiology or to an interventional pulmo-
nologist with expertise in pleural ultrasonography. Usually, 
I recommend that most thoracenteses be attempted with-
out ultrasound guidance, unless pleural ultrasonography is 
readily available within the operator’s interventional suite. 
On the other hand, if the amount of pleural �uid is very 
small, or if the patient is critically ill and mechanically ven-
tilated in the intensive care unit, pleural ultrasonography 
can be used initially.6–13

 THORACENTESIS INSTRUMENTATION

Several needles and thoracentesis kits are commercially 
available. Examples include the Pharmaseal needle-catheter 
kit, distributed by Allegiance Healthcare Corp (McGaw 
Park, IL), the Argyle–Turkel needle previously distributed 
by Sherwood, Davis and Geck, and the Arrow–Clark thora-
centesis kits distributed by Arrow (Reading, PA). Other nee-
dles include the Wang thoracentesis needle, and the Garg 
thoracentesis needle, each distributed by Bard Interventional 
Products, Melrose Laboratories (Melrose,  NJ). �ere is 
also a reusable stainless steel needle available called the 
Boutin pleural needle, manufactured and distributed by 
the Richard Wolf Medical Instrumentation Corporation 
(Vernon Hills, IL) (Figures 43.2 through 43.4).

Figure 43.2 Pharmaseal thoracentesis needle and  catheter 
(Allegiance Healthcare Corporation, McGaw Park, IL).
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GENERAL TECHNIQUES

A�er having carefully explained the procedure to the 
patient and obtaining informed consent, the procedure can 
be started. Atropine 1.0 mg need not be administered, but 
should be available for potential subcutaneous or intramus-
cular injection, should patients become hypotensive and 
sweaty or develop other signs suggestive of a vasovagal reac-
tion. Most patients do not require antianxiety medication, 
although those who request it might receive a small amount 
(most o�en less than 2 mg) of intravenous midazolam. With 
the patient seated, the physical examination identi�es the 
site for thoracentesis. �e site is cleaned thoroughly with 
antiseptic solution, which may include Betadine swab, gel, 
or liquid solution. �e area covered should be up to 5 cm 
around the selected site. I keep my sterile �eld extremely 
small—there is no need to prep the patient’s entire back!

It is essential to anesthetize the skin and intercostal space 
with satisfactory amounts of anesthetic solution. O�en, 5 mg 

of lidocaine is included in thoracentesis kits. �oracentesis 
should and can almost always be a painless procedure. It is 
o�en taught to anesthetize the skin, the periosteum of the 
rib, as well as the parietal pleural. I �nd that anesthetizing 
the periosteum is painful and usually unnecessary. Once the 
site (intercostal space) has been selected, it can be maintained 
using two �ngers of one hand placed onto the patient’s pos-
terior chest. Holding the syringe in the other hand, a small 
wheal is raised using 1% lidocaine and a short 25-gauge nee-
dle. Additional injections of lidocaine are performed through 
this wheal. �e 25-gauge needle is replaced by a 22-gauge 1 or 
1½ inch (2.5 or 3.8 cm) long needle, which is inserted through 
the wheal and into the intercostal space, directly above the rib. 
Additional lidocaine is instilled as the needle is advanced. It 
has also been advocated that as the needle is advanced, aspira-
tion should be followed by injection of small amounts of lido-
caine every 1–2 mm (Figure 43.5).

I usually advance the needle rapidly through the inter-
costal space into the parietal pleura, injecting lidocaine as I 
go. With some experience, one “feels” the needle traversing 
all the di�erent tissues. I then aspirate when I feel that I am 
inside the pleural cavity, and once I have a small amount of 
pleural �uid coming up into the syringe, I pull my needle 
back slightly and then inject additional lidocaine into the 
parietal pleura. I withdraw the needle, and maintaining my 
thoracentesis site in position using two �ngers of my le� 
hand, I proceed to make a small stab incision with a #11 
scalpel, which allows me to easily insert my thoracentesis 
trocar or needle and catheter ensemble. Regardless of the 
instrument used, the goal is to introduce the catheter along 
the same needle track. Once 50  mL pleural �uid is with-
drawn into a 50-mL syringe attached to the catheter, the 
needle is then retracted up into the catheter so that there is 
no sharp object remaining within the pleural space during 
�uid removal and eventual lung re-expansion.14 �e pleural 
catheter is then advanced as additional pleural �uid is aspi-
rated into the 50-mL syringe.

�ere are occasions when pleural �uid is not readily 
obtained. In these cases, it is possible that: (1) the needle 
was too short (this is o�en the case when patients have 
abundant subcutaneous tissue or extensive pleural thick-
ening; thoracentesis in obese patients can be particularly 
di�cult); (2)  the needle itself or catheter was not inserted 
exactly along the track that allowed initial identi�cation of 
pleural �uid; (3) the catheter may have been kinked or bent 
on insertion; (4) the small rim of pleural �uid is too thin and 
may have been missed as the needle was inserted; or (5) no 
pleural �uid is present in the hemithorax. Personally, I have 
found that it is extremely rare that a 1½ inch (3.8 cm) needle 
need be replaced with a longer needle.

What if all does not go smoothly? Lung perforation will 
usually be identi�ed when air bubbles are obtained during the 
thoracentesis, particularly when local anesthetic is still pres-
ent within a syringe and the needle is inserted into the chest 
cavity. Should this occur, and thoracentesis still needs to be 
performed, it may be necessary to change the site for needle 

Figure 43.4 Turkel thoracentesis needle (Sherwood, Davis 
and Geck, St. Louis, MO).

Figure 43.3 Wang and Garg thoracentesis needles 
(Meditech, Watertown, MA).
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entry, usually dropping down one intercostal space. Most lung 
perforations do not result in clinically signi�cant pneumo-
thorax, but one should always obtain a postprocedure chest 
radiograph if lung perforation is suspected. In general, I do 
not obtain a postprocedure chest radiograph unless I  need 
to document the evacuation of all �uid as a baseline �lm in 
case of recurrent symptoms, or if symptoms are encountered 
suggestive of pneumothorax, hemothorax, or trapped lung. 
Should a dry tap occur and neither �uid nor air bubbles be 
obtained on the initial thoracentesis, it is possible that the nee-
dle was inserted an intercostal space too low. In this case, it 
may be necessary to repeat the procedure one intercostal space 
above the initial insertion site. In general, it is almost always 
safe to use a small �ne needle of 22 or 25 gauge.

 EXAMPLES OF SPECIFIC  
TECHNIQUES

 Bedside thoracentesis in critically ill patients 
using “the rolled bedsheet technique”

�e rolled bedsheet technique allows for the placement of 
the seated patient into an optimum position for thoracen-
tesis or for ultrasound guided thoracentesis.15 I have found 
this technique to be particularly helpful because the risks of 
patient positioning, which in the intensive care unit may be 
associated with accidental extubation, loss of central venous 
access or deterioration of hemodynamic status, are dimin-
ished. A bedsheet is rolled lengthwise and then placed gently 
behind the patient’s back. �e head of the bed is raised, as 
the bedsheet is easily slid down behind the patient’s back to 
the level of the scapula before lowering the head of the bed 
again. While each end of the bedsheet is held by an assistant 
and pulled forward toward the foot of the bed, the operator 
has room to work behind the patient, who is kept in the sit-
ting position throughout the procedure (Figure 43.6).

Figure 43.6 Bedside ultrasound-guided thoracentesis 
using the “rolled bedsheet” technique.
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Figure 43.5 Diagnostic thoracentesis. (a) The skin is 
injected using a 25-gauge needle with a local anesthetic 
agent. (b) The periosteum is injected with the local 
 anesthetic. (c) The pleural space is entered, and pleural 
fluid is obtained. (From Light RW, Pleural Diseases, 3rd ed. 
Lippincott, Williams and Wilkins, 1995, Figure 23.2. With 
permission.)
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 The reusable Boutin pleural puncture 
needle

�e Boutin pleural needle manufactured by the Richard 
Wolf Company (Vernon Hills, IL) is a stainless steel reus-
able needle designed for performing thoracentesis. It is a 
large-bore 2.8 mm diameter three-part instrument with 
an 80 mm working length. It is comprised of an outer can-
nula with an open–shut tab at one end, a blunt trochar and a 
sharp inner trochar (Figure 43.7). A�er making a small stab 
incision with a #11 scalpel, the Boutin needle is assembled 
with the sharp trochar inside the outer cannula. �e sha� of 
the needle is held between the thumb and index �nger while 
the proximal end of the needle is braced against the palm 
of the hand. �e needle is then advanced through the sub-
cutaneous tissue above the rib below and up to the parietal 
pleura.16 �e sharp trochar is replaced by the blunt trochar 
just before traversing the parietal pleural.

�e advantages of this needle are less risk of traumatic 
puncture of the lung, simple use of accessory suction sys-
tems or manometers and the relatively large bore of the nee-
dle, which facilitates removal of large amounts of �uid as 
well as �brin, blood or pus. Because the needle is reusable, 
there is an initial nonrecurring cost for the instrument, but 
the cost of each subsequent use is nil. Disadvantages include 
possible air entry at the time of the exchange between sharp 
and blunt pleural trochars and the potential laceration of an 
intercostal vessel because the sharp trochar itself has a cut-
ting, pyramidal tip design.

 Thoracentesis using the Argyle–Turkel 
safety thoracentesis set

�e system consists of a blunt multisided spring-loaded 
inner cannula coaxilly housed within a 16-gauge con-
ventional sharp beveled hollow needle. While the needle 
is advanced through the skin and intercostal tissues, 
the blunt cannula is forced into the sha� of the needle. 
When the tip of the needle encounters low resistance, 
such as pleural e�usion or loss of tissue resistance, the 

spring-loaded cannula automatically extends beyond the 
bevel, protecting underlying tissue from further penetra-
tion. Although the procedure requires some feel, a great 
advantage for some operators is a green indicator on the 
needle housing which identi�es the position of the blunt 
cannula. If resistance is being felt such that the sharp tip 
of the needle is exposed, the indicator is red. When resis-
tance is lost, the indicator turns green. �erefore, once 
the needle is in pleural space, the indicator turns green. 
A one-way valve prevents any air entry a�er the needle is 
removed (Figure 43.4).

 Thoracentesis using the Wang and Garg 
thoracentesis needles and kits

Each of these needles is 17 gauge, with a catheter sheath 
diameter of 2.3 mm and length of 8 cm (Figure 43.3). Needles 
are available individually or in a procedural kit intended for 
single use. A small side port catheter is attached to the Wang 
needle sheath to facilitate �uid removal into Vacutainer bot-
tles. �e sheath septum allows for multiple insertions of the 
needle without passage of air. Rather than a small-attached 
tubing, this Garg needle comes with a stopcock feature, 
which prevents passage of air and also permits multiple 
insertions of the needle into the sheath.

Complications from thoracentesis

Complications from thoracentesis are the same as those 
from closed-needle pleural biopsy or even chest tube drain-
age. �e most common complication is a pneumothorax.17–22 
It appears, however, that the incidence of pneumothorax is 
reduced if experienced individuals perform the procedure. 
Iatrogenic pneumothorax is also decreased when pleural 
ultrasonography is used for guidance. In general, there are 
three reasons why a pneumothorax may occur following tho-
racentesis. �e �rst, and potentially most consequential, is 
that of an accidental laceration of the lung parenchyma. �is 
is easily recognized at the time of thoracentesis by air bubbles 
coming up into the pleural �uid. A second reason for air in 
the pleural space is that air accidentally entered the pleural 
space through the catheter and needle at the time of thora-
centesis. �is rarely results in a large pneumothorax and air 
can be readily removed by attaching the catheter to a suction 
device or syringe. If le� in the hemithorax, air will sponta-
neously be absorbed at a rate of approximately 1% per day. 
A third reason is the presence of a trapped lung.23 �is might 
occur in patients with chronic pleural e�usions, empyema or 
pleural thickening, or malignancy and malignant mesothe-
lioma. A thick pleural peel is present over the parietal and 
visceral pleura. �e lung is not fully expanded, so a�er �uid is 
removed, the chest radiograph reveals a pneumothorax.

Other complications from thoracentesis include vasovagal 
reactions, cough, chest pain, and hemothorax. Cough most 
frequently complicates a thoracentesis when large amounts 
of pleural �uid are removed. If a patient begins to cough 

Figure 43.7 Boutin pleural puncture needle (Richard Wolf 
Corp., Bloomington, IN).
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excessively, the procedure should be stopped. Chest pain 
is infrequent, but might be related to anesthetic technique, 
needle insertion or evacuation of pleural �uid. Sometimes, 
chest discomfort can be decreased by decreasing the rapid-
ity with which pleural �uid is withdrawn, or by removing 
pleural �uid using manual syringe suction techniques rather 
than a high negative-pressure Vacutainer bottle.

Vasovagal reactions are characterized by decreased 
stroke volume, fallen cardiac output, bradycardia, and hypo-
tension. Anxiety, pain, sight of blood, and apprehension are 
promoting factors. When the reaction is noted, the proce-
dure should be terminated and the patient should be placed 
in the reverse Trendelenburg position while vital signs are 
assessed. Recuperation usually occurs within 15 minutes.

Hemothorax is an extremely infrequent complication, 
but can result from laceration of an intercostal vein or artery. 
Hemothorax is probably more frequent a�er closed-needle 
pleural biopsy than a�er thoracentesis but, regardless of eti-
ology, may require thoracoscopic exploration and even open 
thoracotomy for additional diagnosis and management. 
A  hemothorax should be suspected when a follow-up chest 
radiograph reveals an immediate reaccumulation of pleural 
�uid. Hemothorax should also be suspected if bright red blood 
suddenly appears within the syringe during �uid removal.

In patients with fever, new pleural e�usions or symptoms 
suggestive of lung or pleural infection, and who have had a 
recent history of thoracentesis, bacterial contamination of 
the pleural space should be suspected. In these cases, I sug-
gest repeating the thoracentesis in order to identify a new 
etiology for the pleural e�usion. Other potential complica-
tions from thoracentesis include liver or spleen laceration. 
So� tissue infection is also a possibility. Potential seeding of 
the needle track with tumor cells has been rarely reported 
in patients undergoing percutaneous lung biopsy, but is a 
feared complication of pleural procedures in patients with 
malignant mesothelioma.

Comments are warranted regarding the risk for hepati-
tis or Human immunodeficiency virus (HIV) infection due 
to operator injury. Needles should never be recapped dur-
ing a procedure. Neither should needles should be placed 
onto gauze pads or back into the procedure tray because one 
might inadvertently pick up the gauze pad and thus stick 
oneself. When discarding sharps, they should be grasped 
using a hemostat, rather than one’s hands.

In view of increasing concerns regarding patient safety, a 
few comments are warranted pertaining to the use of pleu-
ral ultrasonography for thoracentesis. �is technology is fre-
quently used in training programs, even for many routine 
thoracenteses, and helps decrease the frequency of thora-
centesis-related complications, improve physical diagnostic 
skills and examine the pleural space for multiloculations that 
might impact management decisions, particularly for malig-
nant e�usions being considered for pleurodesis, and para 
 pneumonic e�usions being considered for drainage. However, 
ultrasound units are not always readily accessible from radi-
ology departments and the cost of a portable ultrasound 
machine is currently more than $10,000. Certainly, if pleural 

ultrasonography is not needed routinely, patients can at the 
least be risk-strati�ed so that high-risk blind thoracenteses are 
avoided, and ultrasound can be desirable when e�usions are 
noted to be small (on chest radiograph or computed tomogra-
phy scan), multiloculated, or in patients with poor lung func-
tion or signi�cant bullous disease.

 CLOSED-NEEDLE PLEURAL 
BIOPSY

 DEFINITION, INDICATIONS, AND 
CONTRAINDICATIONS

Closed-needle pleural biopsies consist of percutaneous sam-
pling of parietal pleura using a needle inserted through the 
posterior chest wall. �ese procedures are usually performed 
a�er one or two thoracenteses have been nondiagnostic. �e 
primary advantage to obtaining parietal pleural tissue is 
that specimens can be examined by surgical pathologists as 
well as submitted for culture, special immunohistochemical 
staining, or tumor markers. In addition, thorough drain-
age of the pleural e�usion can be performed at the time the 
pleural biopsy is obtained.24 Although closed-needle pleural 
biopsy can be performed anytime a pleural e�usion remains 
unexplained a�er thoracentesis, its yields are highest when 
parietal pleural thickening or an unexplained exudative 
pleural e�usion is present in patients with suspected pleural 
carcinomatosis or tuberculosis. In these instances, closed-
needle pleural biopsy is an excellent alternative to thoracos-
copy or repeat thoracentesis.25–30

�ere are few contraindications to closed-needle pleural 
biopsy. However, the procedure should be avoided in any 
patient who is unable to sit quietly and cooperate or consent. 
In inexperienced hands, this procedure can be extremely 
painful, and o�en only muscle or �brin without representative 
parietal pleura is obtained. In addition, because closed-needle 
pleural biopsy is a blind procedure, inadvertent laceration of 
intercostal vessels is always possible. �erefore, patients with 
uncorrected coagulopathies, and patients with known bleed-
ing diatheses, uremia, thrombocytopenia or anticoagulant 
use, should also be avoided. Percutaneous introduction of 
needles through areas of pyoderma, herpes zoster, or cutane-
ous in�ltration with neoplasm is contraindicated. Finally, 
patients with uncontrollable cough should also be avoided 
because a sharp inner trochar is o�en introduced into the 
pleural cavity during the initial insertion of the biopsy needle.

 GENERAL TECHNIQUES, PATIENT 
POSITIONING, AND SELECTING THE 
RIGHT AREA

Closed-needle pleural biopsy is performed similarly to 
a thoracentesis. Procedures are most likely to be suc-
cessful and without complications when there is ample, 
nonloculated �uid in the pleural cavity. Biopsies are best 
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performed with the patient seated, with the arms well 
raised so that the scapula are pulled upward and outward 
and the intercostal spaces are widened posteriorly. Before 
inserting the biopsy needle, abundant local anesthesia 
should be administered to the skin, intercostal tissues, 
and parietal pleura. A wider and larger �eld of local anes-
thesia is warranted than for simple thoracentesis because 
biopsies might be obtained from several quadrants sur-
rounding the initial needle insertion site, all through the 
initial needle tract. I o�en administer a narcotic intra-
muscularly or intravenously as well.31–34

THE COPE NEEDLE

�e cope needle consists of four separate components: 
�ese are an 11-gauge 3-mm diameter outer cannula, a 
13-gauge hooked biopsy trochar, a hollow beveled trochar, 
and an inner stylet. Procedures are relatively straightfor-
ward. A�er placing a syringe on the hooked biopsy trochar, 
the inner stylet is inserted through the beveled trochar and 
both of these are inserted through the hollow cannula into 
the pleural cavity. �is is carried out as if performing a tho-
racentesis, although it will be simpler if a small stab incision 
using a #11 scalpel is made prior to inserting the trochar–
cannula ensemble. Once the pleural cavity is entered and 
pleural �uid is obtained on aspiration, the patient should be 
asked to hum or hold their breath. �e beveled trochar and 
inner stylet are then removed simultaneously. �e operator 
places a thumb over the outer cannula to prevent inadver-
tent air entry should the patient inhale during this time. As 
the patient hums again the hooked biopsy trochar (with the 
syringe attached) is inserted through the cannula into the 
pleural cavity.

Pleural �uid is once more aspirated to con�rm position. 
A perpendicular tab on the biopsy trochar indicates the 
direction of the distal biopsy hook. �e ensemble is then 
gently withdrawn as the distal tip of the needle is tilted up to 
45° downward. Pressure should be maintained on the nee-
dle tip and pleural tissues so that constant contact with the 
parietal pleura is assured. In order to obtain a parietal pleu-
ral biopsy, the entire ensemble should be withdrawn with 
the hook directed inferiorly. Some resistance will be felt as 
the hooked biopsy instrument engages the parietal pleura. 
While maintaining gentle traction on the biopsy trochar, 
the outer cannula is then rotated and advanced into the 
pleural cavity. Simultaneously, using the other hand which 
is holding the engaged hook needle, the operator must pull 
slightly but continuously. As the outer cannula is rotated 
and advanced, a small piece of parietal pleural specimen 
will be sheared o� into the curetted biopsy hook. �e biopsy 
trochar is then removed, and once more care is immedi-
ately taken to rapidly place the thumb or index �nger over 
the outer cannula. �is procedure is repeated three or four 
times to obtain specimens. At the end of the procedure, the 
needle is withdrawn and a small sterile dressing is placed on 
the wound (Figures 43.8 and 43.9).

THE ABRAM’S NEEDLE

�e Abram’s biopsy needle is a three-part needle consist-
ing of a 4-mm diameter outer cannula with a beveled notch 
proximal to its tip, a hollow inner cannula and an inner 
stylet. �e outer cannula’s tip is blunt and usually will 

(a)

(c)

(b)

(d) (e)

Figure 43.9 Cope needle biopsy technique. (a) The 
needle is inserted through a small stab incision using a 
rotating forward pushing motion. (b) Once in the pleural 
space, the inner trocar is removed while the patient hums 
or exhales. (c) Pleural fluid can be aspirated by attaching 
a syringe to the outer canula. (d) A small amount of fluid 
is again aspirated, and the entire ensemble is withdrawn 
as traction is maintained on the biopsy curette as it 
hooks onto parietal pleura. (e) While maintaining traction 
on the biopsy curette, the outer cannula is rotated and 
gently pushed back into the pleural space, shearing off 
the biopsy specimen caught on the curette. (From Colt 
HG, Manual of Pleural Procedures, Lippincott, Williams & 
Wilkins, 1999, Figure 10.2. With permission.)

Figure 43.8 Cope closed pleural biopsy needle.
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not damage the lung. �e stylet is inserted into the inner 
 cannula, which is then inserted through the outer cannula 
and locked into place by twisting it clockwise. �e entire 
assembly is inserted through a small stab incision through 
the intercostal tissues and into the pleural space. As the sty-
let is removed, a 20-mL syringe can be attached in its place 
to the outer cannula. �e hexagonal proximal tip of the 
inner cannula is then twisted counter clockwise so that the 
beveled notch is pointing downward. �e entire ensemble is 
then withdrawn. Constant pressure should be maintained 
while tilting the distal tip of the needle up to 45° downward. 
When resistance is felt, parietal pleura has hopefully been 
caught inside the notch. �e hexagonal proximal tip is then 
rotated clockwise. �is closes the beveled opening. �us, 
the cutting action of the rotating inner cannula samples the 
pleura. Once the specimen is obtained, the entire ensemble 
is removed from the chest. Obviously, more samples increase 
yield for representative tissue. (Figures 43.10 and 43.11).

 COMPLICATIONS FROM CLOSED-NEEDLE 
PLEURAL BIOPSY

Closed-needle pleural biopsy should be a painless proce-
dure. Abundant local anesthesia to the skin, intercostal tis-
sues, and parietal pleura is mandatory. Procedure-related 
complications include pneumothorax, both from introduc-
tion of a small amount of air during the procedure (which 
might be expected in up to 15% of cases), or by causing lac-
eration of lung parenchyma. A chest radiograph is almost 
always warranted a�er closed-needle pleural biopsy.

Other procedure-related complications include sub-
cutaneous emphysema, pneumomediastinum, vasovagal 
reactions, and hemothorax.35,36 On rare occasions, a closed 
pleural biopsy needle samples the liver, spleen, or kidney. 
One should therefore be particularly careful to never per-
form closed-needle pleural biopsy too low.

A comment is warranted pertaining to the apparent 
decline in the number of closed-needle pleural biopsies 
being performed in Europe, Asia, and the United States. 
�oracoscopy and �ex-rigid pleuroscopy37,38 are excellent 
alternatives to blind sampling, and provide the added ben-
e�t of removing all pleural �uid, evaluating the visceral 
and parietal pleural surfaces, breaking down adhesions to 

enhance lung expansion, and obtain forceps biopsies. In 
addition, increasingly, measurements of adenosine deami-
nase assist in making a diagnosis of tuberculous pleurisy, 
and increased use of computed tomography helps with dif-
ferential diagnosis of malignant and nonmalignant e�u-
sions. Only time will tell whether closed-needle biopsy 
becomes an antiquated technique.39

CHEST TUBES

 DEFINITION, INDICATIONS, AND 
CONTRAINDICATIONS

Chest tube drainage consists of a percutaneous insertion 
of a small- or large-bore tube, usually made of silicone or 
polyurethane, into the pleural cavity.40 �is procedure is 
warranted in certain patients with pleural and pulmonary 
diseases. Major indications for chest tube placement include 
patients with pneumothorax, empyema, recurrent pleural 
e�usions, complicated parapneumonic e�usions, hemo-
thorax, patients undergoing pleurodesis and a�er thoracic 
surgery.

Patients requiring chest tubes are o�en acutely ill.41–51 
Comorbidities might include coagulopathy, hemodynamic 
compromise, chronic or terminal illness, malignancy, 

Figure 43.10 Abram’s pleural biopsy needle.

(a)

(c) (d)

(b)

Figure 43.11 Abram’s needle biopsy technique. (a) The 
needle is inserted through a stab incision into the pleural 
space using a gentle rotating forward movement. (b) If 
the patient hums as the stylet is removed, pleural fluid will 
be evacuated. (c) To avoid pneumothorax from air entry 
during inspiration, place a syringe onto the inner can-
nula. The hexagonal grip of the inner cannula is twisted 
counterclockwise so that the beveled notch is oriented 
downward. The ensemble is then gently withdrawn until 
resistance is felt and the parietal pleura is caught in the 
notch. (d) By rotating the hexagonal grip clockwise, the 
beveled opening is closed, shearing the specimen off 
into the cannula. The entire needle is then withdrawn 
from the pleural space. (From Colt HG, Manual of Pleural 
Procedures, Lippincott, Williams & Wilkins, 1999, Figure 
10.3. With permission.)
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cardiac dysfunction, sepsis, and malnutrition. Although 
risks of chest tube drainage must always be considered, 
usually if there is an indication for chest tube placement, 
the procedure is performed regardless of risk. �ese risks 
include bleeding at the incision site, hemorrhage or pneu-
mothorax related to inadvertent tearing of pleural adhe-
sions or lung tissue, insertion of the tube into the heart, 
abdomen or pulmonary arteries, and hypersensitivity or 
allergy to medications used for analgesia or anesthesia. 
Di�culties are sometimes encountered if the patient has 
abnormal body habitus or cannot be positioned in such a 
way that allows proper chest tube insertion. Risks can be 
diminished by correcting coagulopathies, using ultrasound 
or CT guidance in selected instances (such as loculated 
pleural e�usions or loculated pneumothoraces), maintain-
ing platelet counts greater than 25,000 and serum creatinine 
below 6 mg/dL, or referring for thoracoscopy, rib resection, 
or open thoracotomy.

INSERTION TECHNIQUES

Inserting small-bore chest tubes

Small-bore chest tubes (less than 20 French) are usually 
placed to evacuate small or loculated pleural e�usions and 
to evacuate air in case of iatrogenic pneumothorax.52–54 
�is might also be necessary when pneumothorax occurs 
a�er a transbronchial lung biopsy. Small-caliber tubes are 
inserted using catheter systems such as the catheter over/
through needle technique and the catheter over guide 

wire (Seldinger) technique (Figure 43.12). When using the 
catheter over/through needle technique, procedures are 
begun just as if performing a thoracentesis. With the nee-
dle attached to a syringe, the needle is pointed toward the 
intrapleural location of interest. A catheter sheath is usually 
inserted over or through the needle while holding an intro-
ducer. In case of pneumothorax, these catheters are directed 
toward the apex, whereas in case of pleural e�usions, cath-
eters are directed inferiorly and posteriorly into the costal 
diaphragmatic recess. �e catheter is connected to either a 
bag or negative pressure suction system and is tied to the 
skin using nonabsorbable sutures.

When using the Seldinger technique, an 18-gauge nee-
dle is usually advanced into the pleural space attached to 
a syringe. �e syringe is disconnected while pointing the 
needle in the desired direction and a guide wire is passed 
through the needle into the pleural space. A�er removal, 
a small stab incision is made with a #11 scalpel. A dilat-
ing catheter is threaded over the guide wire and advanced 
through the chest wall and intercostal space using a rotat-
ing twisting movement of the hand. Small-bore chest tubes 
inserted using the above techniques include those manufac-
tured by Cook Critical Care, Arrow International Inc., and 
Meditech55 (Figure 43.13). Chest tubes have di�erent char-
acteristics in regard to shape, so�ness, �rmness, curvature 
(some of them are curved at their end like a pig’s tail), and 
size (from 8.0 to 36.0 French).

A third technique is used for inserting chest tubes mounted 
on a sharp-tipped pleural trochar. Most o�en, a 1–3 cm inci-
sion is made through the intercostal space a�er which the tro-
char is inserted. Once in place, an inner stylet is removed, and 

(a) (b) (c)

(d) (e)

Figure 43.12 Catheter over guide wire (Seldinger technique) of a small-bore chest tube insertion. (a) The  pleural space 
is accessed. (b) The guide wire is threaded through the needle. (c) The dilator is threaded over the guide wire, then 
removed. (d) The chest tube is threaded over the guide wire. (e) The guide wire is removed, leaving the chest tube in 
 position. The chest tube will be secured using a simple stitch tied down onto the chest tube using a surgeon’s knot. (From 
Colt HG, Manual of Pleural Procedures, Lippincott, Williams & Wilkins, 1999, Figure 12.5. With permission.)
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the tube is advanced into the chest. �e trochar is removed 
by sliding it back over the chest tube. �e chest tube is then 
clamped between the trochar and the chest wall. �e tube 
remains clamped until it is attached to a drainage device.

 Inserting large-bore chest tubes (blunt 
dissection technique)

�e advantage of the blunt dissection technique is that it 
allows the introduction of a �nger into the pleural space in 
order to insure proper placement of the chest tube within 
the pleural cavity and to avoid adhesions. �e technique is 
straightforward but not always easy, particularly in patients 
with abundant subcutaneous tissues, or when satisfactory 
analgesia has not been obtained. �e skin is incised enough 
to allow introduction of the index �nger into the pleural cav-
ity. Intercostal tissues are dissected bluntly using Kelly for-
ceps, allowing access to the pleural space (Figure 43.14). In 
case of pneumothorax, air will immediately be heard to exit 
the wound. In case of pleural e�usion, it is common that �uid 
spurts forth through the wound. A �nger placed through the 
incision site seeks pleural adhesions that might misdirect the 
tube toward the lung, apex, or base. If adhesions are found, 
the probing �nger can gently break them down. �e large-
bore chest tube (usually 20–36 French) is then clamped using 
a large Kelly forceps, placed through the site, and released 
from the clamp as it is directed into its appropriate position 
inside the chest. With the most proximal chest tube hole at 
least 2 cm within the pleural cavity, the incision is closed and 
the tube �rmly secured to the chest wall. �is technique has 
several advantages. �ese include the ability to manually pal-
pate the pleura, palpate the lung, avoid adhesions, and control 
the direction of the tube as it is inserted into the pleural cav-
ity. �is technique also allows placement of large-bore chest 
tubes in order to enhance the evacuation of blood, thick pleu-
ral �uid, or large quantities of air. �e disadvantages of this 

technique are that it requires experience and has potentially 
greater risk of bleeding.

SUTURING AND DRESSING

�ere are several ways of suturing a chest tube to secure 
it to the chest wall.41–55 For large-bore tubes, the method 
I prefer is to �rst place a mattress suture through each 

Figure 43.13 Small-bore chest tubes (from top to bottom: 
12 F J-tip tube by Meditech, Watertown, MA; Cook CPT 
tube by Cook Inc., Bloomington, IN; Truclose 10F tho-
racic vent by Davis and Geck, Wayne, NJ; and One-way 
Heimlich valve by Becton Dickinson, Franklin lakes, NJ).

(b) (c)

(d) (e)

(a)

Figure 43.14 Chest tube insertion techniques using blunt 
dissection. (a,b) The 2–4-cm-long skin incision should 
be parallel to the intercostals space and made smoothly 
through the dermis, subcutaneous tissues, and fascia 
overlying the intercostals muscles. The intercostals muscle 
fibers are spread apart using the jaws of the scissors or 
hemostat. By placing an index finger in the incision, the 
space between the muscle fibers is enlarged and the ribs 
are easily felt. (c) Staying close to the upper margin of the 
lower rib, the intercostals fascia is sectioned, the inter-
costals muscles are spread further using the hemostat, 
and the parietal pleura is gently penetrated. (d) An index 
finger will make the hole bigger and allow one to gently 
push the lung out of the way. (e) After grasping the chest 
tube in the jaws of the clamp, guide it gently through the 
incision into the pleural space. Advance the tube well into 
the pleural space before releasing the clamp. (From Colt 
HG, Manual of Pleural Procedures, Lippincott, Williams & 
Wilkins, 1999, Figure 13.3. With permission.)
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lateral margin of the skin incision. �is is performed 
before the chest tube is inserted. An additional mattress 
suture is placed through the midportion of the incision. 
�e two ends of this suture are kept free and can be used 
to close the incision when the chest tube is removed. A�er 
the tube is in, I tie each lateral suture down to the skin 
using a double knot, which is laid down �at, then secured 
with a surgeon’s knot. �e free end of each lateral suture 
is then brought up and wrapped around the chest tube, 
and tied in such a way to secure the chest tube �rmly in 
place. When wrapping the suture around the chest tube, 
the free ends are wrapped tightly around the tube in 
opposite directions (Figure  43.15). When the chest tube is 
removed, these lateral sutures are unwound from around 
the chest tube. �e chest tube is pulled while the patient 
exhales. An assistant pinches closed the insertion site 
using two �ngers while the operator ties down the mid-
line suture56 (Figure 43.16).

 COMPLICATIONS FROM CHEST TUBE 
INSERTION

Several complications can be associated with chest tube 
insertion.57–64 �ese may be due to operator inexperience, 
the type of chest tube used or the patient’s underlying dis-
ease. �e risks of pain, bleeding, and infection decrease 
with careful technique and careful observation, and intel-
ligent use of analgesics. Almost all chest tubes cause some 
intrapleural adhesion formation. �is can occasionally 
result in lung entrapment, particularly in patients with 
chronic pleural e�usions or empyema. An inadvertent lac-
eration of the lung at the time of chest tube insertion might 
result in persistent bronchopleural �stula.65 �is happens 
most frequently when tube-over-trocars are used, and 
might even require thoracoscopy or thoracotomy for repair. 
Chest radiographs should be obtained a�er tube insertion 
to con�rm tube position. Tubes may be inadvertently placed 
into �ssures, into the lung or even into adjacent organs such 
as the esophagus or liver. Tubes may be inadvertently tun-
neled into subcutaneous tissue and not even enter the pleu-
ral space. �is occurs more frequently in obese patients. 
Sometimes, chest tubes may also induce temporary inter-
costal nerve damage from pressure within the intercostal 
space, or even cardiogenic shock when compression of the 
right ventricle occurs.

 THE DENVER “PLEURX” PLEURAL 
CATHETER AND SHUNTS

Another drainage method that warrants description is the 
novel Denver Pleurx Catheter.66–69 �is is a 66-cm long, 
15.5-French so� silicone catheter with a radio opaque stripe 
and side holes. Its proximal sha� has a single polyester cu� 
designed to promote �brosis and prevent catheter migra-
tion. �ere is also a hub that contains a valve at the proximal 
tip of the catheter. �e valve prevents inadvertent leakage of 
�uid or air into the pleural space. When the tube is not being 
used for drainage, a cap can be placed over it. Fluid drain-
age is accomplished using an attached vacuum bottle with 
a preconnected tube that contains a dilator at its other end 
and a clamp along its sha�. �e dilator is inserted through 
the valve of the catheter. When the clamp is opened, aspi-
ration of pleural �uid is possible. Drainage is performed 
independently by the patient as needed into small single-use 
collection containers (Figure 43.17).

�e Denver Pleurx catheter has been approved by the 
Food and Drug Administration since October 1997. It allows 
safe, long-term outpatient control of selected patients with 
recurrent malignant pleural e�usions regardless of whether 
pleurodesis is achieved. It is an excellent alternative for 
patients who have failed pleurodesis as well as in patients with 
trapped lung. In one study, 43% of catheters inserted required 
only a 24-hour hospital admission.68 �e tunneled catheter 
can be an excellent alternative to standard chest tube inser-
tion and hospitalization. It is usually well tolerated, though 

Figure 43.15 Example of sutured large-bore chest tube.

Figure 43.16 Transparent dressings allow rapid inspection 
of dressing sites.
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some patients report chest wall  discomfort. Complications 
include pneumothorax, subcutaneous emphysema, and 
tumor growth along the catheter tract. Potential outpatient 
management of patients with recurrent malignant pleural 
e�usions could substantially reduce health-care-related costs 
in the individuals. In a retrospective review of 100 patients 
undergoing pleural catheter insertion between 1994 and 
1998, outpatient pleural catheter charges up to 7 days a�er 
catheter insertion (including initial insertion charges) were 
an average of $3300.00, compared with inpatient charges of 
approximately $11,000.00.69

Catheters are placed through a small incision made on 
the midaxillary line overlying the pleural e�usion. Some 
operators use �uoroscopic guidance. Procedures are per-
formed using conscious sedation. �e skin and intercostal 
tissues are anesthetized with 1% lidocaine and the pleural 
space is entered using a small 18-gauge needle. A 0.03-inch 
(0.76-mm) guide wire is advanced into the pleural cavity. 
Additional anesthetic is administered locally to subcuta-
neous tissues along a route 5–8 cm anterior and inferior 
to this insertion site. �e distal end of the catheter is tun-
neled through the subcutaneous tissue to the pleural entry 
site. �e needle within the pleural space is exchanged for 
a 16-French peel-away sheath. �e catheter is advanced 
through the peel-away sheath and the sheath is removed. 
�e catheter is secured to the skin at its exit site and the 
pleural entry site is also closed using absorbable sutures.

Another mode of drainage includes placement of a simi-
lar pleural e�usion catheter that is indwelling between the 
pleural space and the peritoneal cavity (the Denver shunt). 
With this shunt, inserted using a technique similar to that 
described previously, pleural �uid is manually pumped from 
the pleural cavity into the peritoneal cavity (Figure 43.18). 
Two devices are available for insertion. One includes a pump 
chamber that is approximately 7-cm long. �is chamber is 
connected to a 15.5-French 49-cm long peritoneal catheter 
on one end, and to a 15.5-French 27-cm long pleural cath-
eter on the other. �e two catheters and the pump cham-
ber can be completely implanted subcutaneously. A similar 
device can be placed using an external pump chamber, in 
which case pleural �uid is transferred into from the pleural 
space to the peritoneal cavity by pumping the shunt manu-
ally by grasping it between two �ngers of one hand.

Results of tunneled pleural catheters have been promis-
ing. In one study, 250 procedures were performed for malig-
nant pleural e�usions in 223 patients during a 3-year period. 
Spontaneous pleurodesis occurred in 43% of the procedures 
and, overall, catheters could be kept in place within the 
pleural cavity for a median duration of 56 days, prompt-
ing authors to suggest that insertion of a tunneled catheter 
should be considered as a �rst-line treatment option.70 In 
another study,71 however, chronic indwelling PleurX cath-
eters were placed in 17 patients with malignant e�usions. 
Although catheter use was uneventful in 80% of cases 
and provided symptomatic relief with a mean duration of 
catheter drainage of 2 months, infections occurred in two 

patients (12%) and catheters became dislodged in three 
(18%). Attention to dislodgment, obstruction and infec-
tion certainly warrant close supervision, consideration for 
home nursing care and speci�c catheter-related education 
of patients, and of family members and home care givers.

CHEST DRAINAGE DEVICES

 DEFINITIONS, INDICATIONS, AND 
CONTRAINDICATIONS

Chest drainage devices come in many forms. �e objective 
is to collect pleural �uid, or to allow safe evacuation of air. 
Suction tubing is attached to the proximal end of a chest 

Figure 43.17 Home drainage apparatus (disposable suc-
tion bottle) by Denver Biomedical, Boulder, CO, for use 
with indwelling pleural catheters (hospital or home aspira-
tion and pleurodesis).

Figure 43.18 Denver indwelling pleuroperitoneal, or 
pleural-external shunt (Denver Biomedical, Boulder, CO).
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tube and connected to the drainage apparatus. �is might 
consist of a simple collection bag, a bottle system or a single-
use water column or valve-controlled Pleurevac-type appa-
ratus. All chest tubes should be connected to a drainage 
apparatus of some sort. If suction is not required, a simple 
drainage bag might su�ce for �uid removal using gravity 
drainage alone, or, in the absence of �uid, a one-way valve 
that allows expulsion of air from the pleural space might 
be desirable. Decisions regarding which type of apparatus 
depend on availability, physician biases, need for hospital-
ization or outpatient care, and desire for patient autonomy 
and ambulation.

 THE ONE-, TWO-, AND THREE-BOTTLE 
SYSTEMS

Many di�erent drainage systems are available. Each 
can be  attached to the chest tube to allow application 
of negative pressure to the pleural space, facilitate lung 
 re-expansion and remove air or �uid from the pleural cav-
ity. Usually, suction is placed at a �xed level of −5 to −20 
cm of H2O. Early collection systems were made of glass 
and consisted of one, two, or three bottles placed in series. 
Using a one-bottle system, the bottle served as both a col-
lection container and a water seal, thereby preventing air 
from entering the pleural space on inspiration. �e chest 
tube was connected to a rigid cannula inserted through 
a rubber stopper into the sterile bottle. Enough sterile 
saline solution or water was instilled into the bottle so 
that the tip of the rigid cannula was approximately 2 cm 
below the surface of the saline solution. When the patient 
exhaled, air in the pleural space would �ow into the bottle 
and be evacuated through the “water seal,” then out of the 
bottle through a stopper which contained a hole or vent. 
�is avoided pressure from increasing inside the bottle. 
Of course, if �uid were also draining out of the chest, this 
�uid would accumulate inside the bottle, also “raising” 
the level of the water seal.

To circumvent some the disadvantages of the single-
bottle system, a two-bottle system was developed using 
one bottle as a collection chamber for drained �uid, and 
another bottle connected serially to it, serving as a water-
seal chamber. Fluid accumulates in this �rst bottle, and air 
passes through the �rst bottle into a shorter cannula and 
into a second bottle, which is the water-seal chamber. A suc-
tion pump such as an Emerson pump (which is a regulated 
negative pressure device) can be attached to the bottles. �e 
amount of negative pressure applied during aspiration can 
be most readily controlled. However, a third suction control 
bottle can be added to the two-bottle system. In this case, a 
vent (cannula) in the suction control bottle is connected to 
a vent in the water-seal bottle. When suction is applied, air 
enters the bottle through the rigid cannula if the pressure 
in the bottle is more negative than the depth of the can-
nula below the �uid. �e three-bottle system was used for 

many years, but has the inconveniences of spillage, tubing, 
possible disconnection, fragility, and decreased mobility 
because of multiple bottles on the �oor at a patient’s bedside 
(Figure 43.19).

 COMMERCIALLY AVAILABLE DRAINAGE 
SYSTEMS

�ese systems consist of disposable molded plastic units 
with three chambers duplicating the classic three-bottle 
system (Figure 43.20). �ese initially used water col-
umns in order to regulate the amount of negative pres-
sure exerted upon the pleural cavity. More recently they 
use dry suction units in which a valve replaces the water 
column. �e advantage of these “dry” units is their 
silence, and relative absence of spillage of �uid if tipped 
over. In addition, pleural �uid can be removed from the 
system for analysis, and patient ambulation is facilitated 
(Figure 43.21).

It is noteworthy that in both dry and water column 
systems, the water-seal chamber always contains approxi-
mately 2 cm of colored �uid. �is is the chamber re�ecting 
the pleural pressures within the pleural cavity. Using these 
systems, negative suction can be applied at levels ranging 
from 0 to −40 cm H2O of suction. Intermittent or constant 
bubbling within the water-seal chamber is indicative of 
an air leak. �is leak could be occurring from anywhere 
within the system, from the lung and pleural space to the 
suction tubing to connections to cracks within the plastic 
containers themselves. Patency of the chest tube is veri-
�ed by observing inspiratory and expiratory �uctuation 
of the �uid in the water-seal chamber when the patient 
is taken o� suction. If there is no �uctuation of this �uid 
column with the patient o� suction, the tube is said to 
be occluded. �is means that there is no communication 

        

Air

To patient
To suction

Suction control
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Figure 43.19 Three-bottle chest tube system. (From Light 
RW, Pleural Diseases, Lippincott, Williams & Wilkins, 1995, 
Figure 24.7. With permission.)
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with the pleural space and that pleural pressures are not 
being communicated to the chest tube drainage device. 
Either (1) the chest tube is kinked or obstructed by clot 
or �brinous debris inside the pleural cavity; (2) the chest 
tube catheter or rubber tubing going to the chest drainage 
device is kinked or crushed, perhaps by the wheel of a bed 
or a chair; (3) the lung is completely expanded, obliterat-
ing the drainage holes of the chest tube inside the chest; or 
(4) the chest tube or chest tube tubing outside the pleural 
cavity is obstructed by �brin or blood.

When monitoring chest drainage devices, it is essential 
that the amount and character of drainage �uid or air be 

assessed regularly. On daily inspection, the height of the 
�uid column should be marked with a Magic Marker. �e 
presence or absence of an air leak should be ascertained. 
�e presence of bubbling in the water-sealed chamber 
does not necessarily mean that there is communication 
between the lung and the pleural space. For example, if 
the chest tube is not inserted far enough into the pleural 
cavity, and one of its drainage holes is outside the pleural 
cavity and within the chest wall, dressing or beyond the 
skin, air can be suctioned from the atmosphere into the 
drainage tubing and through the drainage apparatus to 
the water-seal chamber. �e presence of an intermittent 
or constant air leak within the water-seal chamber should 
prompt one to obtain a chest radiograph, examine all 
connections of rubber tubing, search for potential cracks 
within the drainage apparatus system itself and inspect 
the chest tube insertion site searching for drainage holes 
outside the skin. Tubes can easily migrate externally if 
they are not securely sutured into place and in patients 
who are obese, debilitated, or restless.

THE ONE-WAY HEIMLICH VALVE

�e Heimlich valve is used most frequently in patients 
with pneumothorax who are going to be managed as out-
patients. �e chest tube is attached to a plastic one-way 
�utter valve using a �ve-in-one connector. As inspiration 
occurs, the thin �exible rubber tubing within the plastic 
container of the Heimlich valve collapses. �is is because 
pressure outside the tubing is greater than pressure inside 
the tubing. During expiration, pleural pressure becomes 
positive, so the �exible rubber tubing inside the container 
is kept open, allowing air to escape from the pleural 
cavity, through the container and into the atmosphere. 
Because some patients with pneumothorax may also have 
small amounts of �uid draining from their chest, it is rea-
sonable to attach the one-way Heimlich valve to a bag col-
lection system that can then be taped to the patient’s chest 
or abdomen. One of the upper corners of the collection 
bag should be cut so that any air accompanying the �uid 
can be easily evacuated (Figure 43.22).
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Figure 43.20 Inner workings of the Pleurevac system. 
(From Light RW, Pleural Diseases, Lippincott, Williams & 
Wilkins, 1995, Figure 24.9. With permission.)

Figure 43.21 Patient holding commercially available 
negative-pressure pleural drainage apparatus. Figure 43.22 One-way Heimlich valve.
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 TROUBLESHOOTING  
CHEST TUBES

Questions o�en arise regarding chest tube surveillance 
and troubleshooting. In some institutions, chest tubes 
are inserted either in the emergency department or by 
a  surgical service, then followed by medical or surgi-
cal teams on di�erent wards. In my opinion, chest tubes 
are best managed by the person or persons inserting the 
tube using the adage “my chest tube…my responsibil-
ity.” Chest  tube function and patient status need to be 
followed at least daily. Symptoms, pain levels, respira-
tory rate, presence or absence of fever and leukocytosis, 
and cleanliness of the area of chest tube insertion should 
be assessed. Chest tube function requires observation 
of respiratory variation, degree and duration of air leak, 
�uid drainage per 24-hour period, and chest tube posi-
tion in relation to lung re-expansion or resolution of pleu-
ral e�usion on chest radiographs. Decisions will need to 
be made  regarding placement to water seal, change in 
amount of negative suction pressure, and timing for chest 
tube removal. Many of these decisions depend on physi-
cian and institutional biases, the underlying disease pro-
cess and indication for chest tube drainage, patient status, 
and desired outcomes.

EDUCATION AND TRAINING

�e safe use of pleural procedures such as thoracentesis, 
ultrasound-guided thoracentesis, closed-needle pleural 
biopsy, and chest tube insertion and drainage require 
training and practice. Today, physicians can practice 
procedural techniques including thoracentesis, chest 
tube insertion and suturing using a variety of inanimate 
models so that patients no longer su�er the burden of 
procedure-related training. By using models for train-
ing, physicians can more readily objectively document 
measures needed as part of a competency-based train-
ing paradigm, help to enhance patient safety and com-
fort, and increase physician con�dence and technical skill 
(Figure 43.23). Learners can access a number of training 
videos on the internet by accessing YouTube or commer-
cially sponsored (manufacturer) websites. Participation 
in postgraduate seminars and workshops will also be a 
value. Furthermore, a new validated assessment tool has 
been designed to assess physician skill at thoracic ultra-
sound.72 �is 10-point checklist and image-quiz can 
be used to measure progression along a trainee’s learn-
ing curve before the trainee performs procedures on 
patients73 (Figure 43.24).

FUTURE DIRECTIONS

As new technologies become available, drainage procedures 
should become even more safe, and comfortable for patients. 
Multidisciplinary approaches to care  involving surgeons, 
medical physicians, and  radiologists are  increasingly 
appealing. In many instances, palliative care experts and 
medical ethicists may also be involved in  decision-making 
processes in cases of patients with advanced disease. From 
a technical perspective, novel devices might improve the 
e�ciency of drainage  techniques and pleurodesis, allow-
ing operators to expand  indications and improve curative 
and palliative care for patients with trapped lung, persistent 
 pneumothorax, empyema, and chylothorax, for example. 
Increased  availability of Flex-rigid pleuroscopy, performed 
as  readily as �exible bronchoscopy, might enhance the 
way chest physicians work up and manage patients with 
pleural e�usions.74 Regardless of advances, however, it is 
unlikely that any innovations will replace a careful physi-
cal  examination, review of imaging studies prior to chest 
drainage, and structured physician training and education.

Figure 43.23 Example of inanimate chest model can be 
used for chest tube insertion training or pleuroscopy 
training.
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UGSTAT Quiz Questions

Name

(a) (b) (c)

(d) (e) (f )

Only FIVE of these photos have
corresponding image descriptions

4. Anechoic left-
sided e�usion

5. Lung
consolidation
(hepatization)

3. Ribs with posterior
acoustic shadowing

No Response
1. Complex e�usion

 with hyperechogenic
shadows

2. Multiloculated
(complex septated)

e�usion

UGSTAT Question 10: Match the sonographic photo (A–F) to the
corresponding 5 descriptions (Only one response per description)

Figure 43.24 Example of image quiz of the validated assessment tool UGSTAT (10-point checklist and image-quiz) to 
assess skill at ultrasound-guided thoracentesis. UGSTAT; ultrasound guided thoracentesis assessment tool.
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Pleurodesis

HELEN E. DAVIES AND Y.C. GARY LEE

PLEURODESIS

Pleurodesis is the iatrogenic induction of symphysis of the 
visceral and parietal pleura. �e aim of pleurodesis is to 
obliterate the pleural space and prevent the accumulation 
of �uid or air.

INDICATIONS FOR PLEURODESIS

�e main indications for pleurodesis are recurrent symp-
tomatic, most commonly malignant, pleural e�usions, and 
pneumothoraces. In selected cases, pleurodesis is performed 
for benign pleural e�usions.

�e incidence of malignant e�usions, and the need for 
pleurodesis, is likely to rise from the ageing population, and 
improved survival of patients with advanced cancers. �e 
rate of secondary pneumothorax from chronic obstructive 
pulmonary disease (COPD) is rising and will represent a 
growing indication of pleurodesis.

Malignant pleural effusion

Malignant pleural e�usions are common and a�ect 
660  patients per million population per year.1 In 20% of 
patients they represent the initial presentation of malig-
nancy. Almost 50% of patients with breast cancer,2,3 a 
quarter of those with bronchogenic carcinoma, and over 

KEY POINTS

 ● Pleurodesis is an e�ective therapeutic option for recurrent pleural e�usions and pneumothoraces. It should be 
 considered in patients with recurrent e�usions who have symptomatic relief of dyspnea on �uid removal.

 ● Various surgical and chemical pleurodesing methods/agents exist, each with its advantages and side e�ect pro�les. 
 ● Talc is the most commonly used and e�ective agent, though it carries potentially lethal complications. Talc pou-

drage and slurry are of similar e�cacy in randomized studies.
 ● �e best protocol of administration of chemical pleurodesis (e.g., tube size, analgesia, use of suction, etc.) remains 

poorly de�ned.
 ● Indwelling pleural catheters provide an alternative �rst-line treatment approach for patients with a malignant pleu-

ral e�usion and should also be considered in patients who are unsuitable for or have failed pleurodesis.
 ● Success of pleurodesis should be de�ned by symptomatic bene�t to the patient rather than by radiographic 

measures.
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95% of patients with mesothelioma will develop a pleural 
e�usion during their disease course.4–6 Symptomatic �uid 
re-accumulation following drainage occurs in 70%–90% of 
patients7 and can signi�cantly reduce quality of life. A suc-
cessful pleurodesis would provide e�ective and lasting con-
trol against recurrence of the �uid.

Pneumothorax

Pleurodesis in pneumothorax is indicated primarily to pre-
vent recurrence (see also Chapter 39).

For patients with primary spontaneous pneumotho-
rax, recurrence rates increase with successive events8 and 
the risk of contralateral pneumothorax is also higher.9 
Pleurodesis is indicated in patients with a second ipsilateral 
pneumothorax, �rst contralateral pneumothorax, synchro-
nous pneumothoraces, a continuous air leak, or a spon-
taneous hemopneumothorax as well as in those with job 
restrictions, e.g., divers and airline sta�.10 No randomized 
controlled study has directly compared surgical and bedside 
pleurodesis in the setting of pneumothoraces. On the basis 
of results from observational studies, surgical pleurodesis 
is generally preferred over bedside pleurodesis via a chest 
tube; the latter usually reserved for patients unwilling or 
unsuitable for surgery.

In patients with secondary pneumothorax and a persis-
tent air leak, pleurodesis is advocated—between 45% and 
67% of this cohort will su�er a future recurrence with asso-
ciated morbidity and potential mortality.11–13

Others

Benign, recurrent, symptomatic pleural e�usions may also 
be treated with pleurodesis should conservative manage-
ment fail (see “Timing of Pleurodesis”).

HOW PLEURODESIS WORKS

Pleurodesis is the obliteration of the pleural space through 
induction of pleural �brosis. Pleurodesis is usually per-
formed by the intrapleural injection of a chemical agent 
or by mechanical abrasion during surgery. �ese processes 
directly injure the pleura, causing acute pleural in�am-
mation and denudement of mesothelial cells.12 �e meso-
thelial layer may later be restored by cell migration and 
proliferation. �e in�ammation elicited may resolve (failed 
pleurodesis) or progress to chronic in�ammation and �bro-
sis. If su�cient �brosis is produced, symphysis between the 
visceral and parietal surfaces obliterates the pleural space 
and prevents future accumulation of �uid or air (successful 
pleurodesis).

�e coagulation cascade is also important in pleural 
�brosis/pleurodesis (see Chapter 7). It is generally believed 
that �brinous adhesions form a skeleton upon which colla-
gen is deposited, to produce mature adhesions. Interestingly, 
nerve �bers have recently been demonstrated within adhe-
sions.14 Also animal data suggested that angiogenesis is 

important in pleurodesis,15 and that antagonizing vascular 
endothelial growth factor (VEGF), a potent inducer of vas-
cular formation, signi�cantly reduces vascular density on 
pleural tissues and pleural �brosis.16,17

�e cellular source of the collagen deposition and �bro-
sis has been much debated. Myo�broblasts migrate into the 
pleural surface and deposit matrix proteins following talc 
pleurodesis.18 Although �broblasts are important, meso-
thelial cells signi�cantly outnumber other cell types in the 
pleural setting. It is now recognized that mesothelial cells 
can undergo epithelial-mesenchymal transformation and 
become �broblast-like. Mesothelial cells are known to pro-
duce collagen and some believe that an intact mesothelium 
plays a signi�cant role in successful pleurodesis.19

Traditionally, the pleural in�ammatory response is 
believed to be necessary for pleurodesis, as coadministra-
tion of corticosteroids inhibits the in�ammation and the 
subsequent pleurodesis.20 �e levels of pro-in�ammatory 
mediators, e.g., IL-8, tumor necrosis factor (TNF)-α, and 
nitric oxide, in the pleural �uids are signi�cantly ele-
vated following chemical pleurodesis.21,22 Neutrophils are 
attracted, via an IL-8-mediated mechanism, into the pleu-
ral space, followed by macrophages.22 �e activated mac-
rophages also release IL-8 and monocyte chemoattractant 
protein (MCP)-1 and, together with the adhesion molecules 
on the mesothelial cells, serve to amplify the in�ammatory 
response.23

Pleurodesis is o�en associated with chest pain and 
fever,24  which is likely the result of acute pleural injury 
and  intense pleural in�ammation. For instance, fever 
occurred in up to 62% of patients following talc pleurode-
sis24 and severe pain was reported by >50% of patients who 
received tetracycline pleurodesis for pneumothorax.25

E�orts have focused on identifying the key media-
tors that promote pleural �brosis downstream to the 
pleurodesis-induced in�ammatory process, which can 
potentially induce �brosis without causing pain and fever. 
Transforming growth factor-beta (TGF-β) is one of the 
most  potent pro-�brotic cytokines, and pleural �uid lev-
els of  active TGF-β increase in patients following talc 
pleurodesis (Lee YCG, unpublished data). Direct intrapleu-
ral administration of human recombinant TGF-β induces 
a signi�cant increase in collagen deposition, and excellent 
pleurodesis in rabbits26,27 and sheep,28 at a rate faster than 
talc slurry.26 In animal studies of TGF-β pleurodesis, no sig-
ni�cant acute physiologic disturbance or extrapleural his-
tologic abnormalities were detected.28,29 In addition, TGF-β 
has immunomodulatory properties: following the intra-
pleural injection of TGF-β, the pleural �uid levels of in�am-
matory markers (e.g., leukocyte, LDH, and IL-8 levels),26,27,30 
are signi�cantly lower than those following the injection 
of talc or doxycycline. Coadministration of systemic cor-
ticosteroids did not impair TGF-β-induced pleurodesis.31 
�ese results challenge the necessity of pleural in�amma-
tion in creating pleurodesis. It has been suggested that other 
growth factors, e.g., basic �broblast growth factor, play a 
role in pleurodesis.32
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 WHAT IS A SUCCESSFUL PLEURODESIS?

No universally recognized criteria exist to de�ne pleurode-
sis success. Previous clinical studies on pleurodesis for 
pleural e�usions have o�en de�ned success as no �uid 
recurrence at 1 month post-procedure. �is end point is no 
longer considered ideal, as many studies have shown that 
the longer the patient survives the more likely the �uid will 
re-accumulate.33 It is most patients’ expectation that a suc-
cessful pleurodesis is one that provides lifelong control of 
the �uid.

�e American �oracic Society/European Respiratory 
Society guidelines have subdivided response to pleurode-
sis for pleural e�usion into complete or partial success, and 
failure. Complete response or “success” is o�en considered 
if no re-accumulation of pleural �uid within the same hemi-
thorax during the designated period of follow-up. “Partial 
success” is present if pleural �uid recurrence is exhibited 
radiographically but clinically the patients’ symptoms are 
relieved and further pleural intervention is not required. 
Failure refers to the need of further pleural intervention for 
e�usion recurrence.

�e goal of management of malignant pleural e�usion 
is to control breathlessness and improve quality of life. 
Measurement of patient-related outcome measures with 
evaluation of the overall quality of life and relief of symp-
toms of the patients is important and will need to be incor-
porated into future studies.

 PRACTICAL ASPECTS OF PLEURODESIS

Types of pleurodesis

MECHANICAL PLEURODESIS

Mechanical pleurodesis may be accomplished by pleural 
abrasion or parietal pleurectomy. Video-assisted thora-
coscopic surgery (VATS) is now the procedure of choice 
among surgeons and is associated with a shorter hospital 
stay and recovery time than open thoracotomy and trans-
axillary mini-thoracotomy.

Pleural abrasion is technically easier to perform but 
pleurectomy has a slightly lower recurrence rate in one 
large series: 0.4% (n = 752) versus 2.3% (n = 301).34 Total 
parietal pleurectomy is associated with higher postopera-
tive morbidity than apical pleurectomy alone or pleural 
abrasion. Hemothorax occurs in approximately 4% of 
cases.35

CHEMICAL PLEURODESIS

�e instillation of pleurodesing agents is usually via a 
chest tube except for talc, which may also be administered 
thoracoscopically. Pleurodesis via tube thoracostomy has 
comparable success rates to surgical pleurodesis,33,36 is 
potentially cheaper and does not involve general anes-
thetic risks (which can be signi�cant in elderly patients 

with malignant  e�usions or secondary spontaneous 
pneumothoraces).

 TECHNICAL ASPECTS OF PLEURODESIS

Choice of pleurodesis agent

Over 30 pleurodesis agents have been proposed since 1935, 
yet none is ideal. In a survey of over 800 pulmonologists, 
physicians were only “somewhat satis�ed” with available 
preparations.37,38

All pleurodesis agents have di�ering degrees of e�cacy 
and side e�ect pro�les, and suggested newer alternatives to 
date have not been rigorously compared with conventional 
agents.

Current practice is largely anecdotal. Success rates 
quoted are o�en overin�ated by selection bias and the rates 
are much lower in “real-life” clinical practice. Over 30 ran-
domized controlled trials comparing di�erent agents have 
been performed, but patient numbers are small and few 
results reach statistical signi�cance.39 Pleurodesis success 
rates of di�erent sclerosing agents vary (Table 44.1).

TALC

Talc is the most commonly used agent worldwide. It is a het-
erogeneous group of minerals rather than a pure compound 
and has the chemical formula Mg3(Si2O5)2(OH)2. It is mined 
from di�erent deposits worldwide, each with their own 
unique composition. Modern talc supplies are asbestos-free 
although mineral dusts such as calcite, quartz, dolomite, 
and others may be present. Sterilization is achieved using 
dry heat, ethylene oxide, or gamma irradiation although 
potential contamination with mediators such as endotoxin 
or other materials may occur.

During the preparatory process, commercial talc is 
si�ed through mesh of varying pore sizes. Commercial 
preparations commonly used in the United States have 
smaller particle sizes (11–20 μm) compared with talc 
preparations from France in which larger talc particles 
are chosen (mean  34  μm). �is di�erence may explain 
why talc-related acute respiratory distress syndrome 
(ARDS) is more frequently reported in the United States 
(see “Talc: Its safety”).

Talc can be administered as a powder (poudrage) insuf-
�ated at thoracoscopy or thoracotomy (Figure 44.1) or as 
“talc slurry” (talc powder mixed with normal saline and agi-
tated to form a suspension) via a chest tube.36,47,48 Dosages 
previously used have ranged from 1 to 14 g;  however, less 
than 5 g is advised as adverse e�ects seem to be more com-
mon with higher talc doses. Success rates for pleurodesis 
are similar for both thoracoscopic talc  poudrage and talc 
slurry instillation. Two randomized trials to date have 
demonstrated no di�erence in 30-day freedom from radio-
logical e�usion recurrence (n = 50133 and n = 5736).

�e e�ectiveness of talc has been comprehensively 
 documented,49–60 as it has shown superiority in most 
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 randomized trials over chest tube drainage alone, 
 tetracycline derivatives, and bleomycin (Table 44.2). Talc, 
however, has been associated with potentially lethal side 
e�ects (see “Talc: Its safety”).

CYCLINES

Tetracycline (1500 mg or 20 mg/kg), doxycycline (500 mg), 
and minocycline (300 mg) have all been used as pleurodesing 
agents. In the International Survey of Pleurodesis Practice 
(ISPP, 2003), 26% of participating pulmonologists rated 
cyclines as their agent of choice.38

Parenteral tetracycline is now unavailable in many coun-
tries due to cessation of its production, and parenteral doxy-
cycline is di�cult to acquire in many countries.40 However, 
oral forms of doxycycline dissolved in normal saline, 
demonstrated similar e�cacy in rabbits and may o�er a 
less expensive, safe alternative to the parenteral forms in 

humans (not yet tested).62 Minocycline has recently been 
used in human studies and demonstrated a favorable side 
e�ect pro�le in patients with pneumothorax.63,64 Studies 
have shown comparable success rates with pleural abra-
sion (for primary spontaneous pneumothorax)65 and talc 
pleurodesis for secondary spontaneous pneumothorax.66

CYTOTOXIC AGENTS

Nitrogen mustard (mechlorethamine hydrochloride) 
was one of the �rst pleurodesis agents used in the 1950s. 
Numerous cytotoxic agents (mitoxantrone, bleomycin, 
mitomycin, thiotepa, cytarabine, and others) have since 
been tested with variable success rates (25%–85%).67 �e 
mechanism of action of the cytotoxic agents remains 
unknown but is probably through a direct in�ammatory 
pleural insult rather than a local antineoplastic e�ect. 
Nowadays, bleomycin (1 unit/kg, 15–240 units) is the only 
agent in regular use.38 It has lower success rates in random-
ized trials versus talc.

OK432

OK432 is a preparation of Streptococcus pyogenes type A3 
originally developed as an immunotherapeutic antitumor 
agent. It is widely used in Japan where talc is not commer-
cially available.68 �e exact mechanism of action is unclear 
although it is postulated to have a direct cytotoxic e�ect as 
well as irritant action.69

SILVER NITRATE

Silver nitrate was �rst utilized in the 1940s to control recur-
rent pneumothorax.41,70 Its use was subsequently abandoned 
probably due to intense pain and development of large pleu-
ral e�usions associated with silver nitrate preparations of 
1%–10% concentrations. However, a recent study compar-
ing lower concentrations (0.5%) of silver nitrate with ster-
ile talc pleurodesis showed few short-term side e�ects and 

Table 44.1 Success rates and relative efficacy of commonly used pleurodesis agents

Pleurodesing agent Success rate (CR) (%) Dose

Talc poudrage 68–97 2.5–10 g
Talc slurry 72–94 2.5–10 g
Doxycycline 61–88 500 mg (1–3 instillations required)
Tetracycline 47–67 500–20 mg/kg (1 dose or multiple: no 

difference)
Bleomycin 42–70 15–240 units
Quinacrine 64–91 500 mg (1 or 2 treatments required)
Iodopovidone 64–92 100 mL of 2%
Corynebacterium parvum 32–76 3.5–14 mg
Silver nitrate 75–90 20 mL of 0.5%

Source:  Walker-Renard PB et al., Ann Intern Med, 120(1), 56–64, 1994; Dresler CM et al., Chest, 127(3), 909–915, 2005; Dikensoy O and 
Light RW, Curr Opin Pulm Med, 11(4), 340–344, 2005; Brock RC, Thorax, 3(2), 88–111, 1948; Paschoalini MS et al., Chest, 128(2), 
684–689, 2005; Björkman S et al., J Pharm Pharmacol, 41(3), 160–163, 1989; Foresti V, Thorax, 50(1), 104, 1995; Dikensoy O et al., 
Chest, 128(5), 3735–3742, 2005; Vargas FS et al., Chest, 118(3), 808–813, 2000.

Abbreviation: CR, complete response.

Figure 44.1 Thoracoscopic view of talc insufflation 
 demonstrating the parietal pleural surface (A) with talc 
insufflator (B) and talc stream (C).
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similar e�cacy rates; although patient numbers were small 
and long-term success rates awaits evaluation.42

IODOPOVIDONE

Iodopovidone (100 mL of 2%) is an inexpensive iodine-
derived topical antiseptic that should be avoided in 
iodine allergic patients. Animal studies have shown 
 equivalent   e�cacy of 2% and 4% preparations to doxycy-
cline (10 mL/kg)71; initial concern regarding ocular toxicity 
has been lessened following recent reports.72 Several small 
human studies have shown promising pleurodesis rates 
although pleuritic chest pain and hypotension were expe-
rienced by some patients.40,73 Small randomized trials have 
found that iodopovidone is as e�ective as talc poudrage in 
the control of malignant e�usions74 and pneumothorax. 
However, no large controlled trials have been performed 
and its routine use is not yet advocated.

QUINACRINE

Quinacrine, an antimalarial agent, has been used routinely 
in Scandinavia for decades.75 Ukale et al. reported pleurode-
sis success rates of 89% with quinacrine (500 mg) compared 

to 96% with talc (5 g) recently.75 However, case reports of 
patients experiencing temporary confusion, hallucinations, 
and convulsions following intrapleural administration ren-
dered it unpopular in large parts of Europe and the United 
States, and serious central nervous system toxicity has been 
described in rabbits.43

CORYNEBACTERIUM PARVUM

Use of C. parvum was previously favored in Europe but 
ceased when its commercial production was discontinued. 
Unlike other sclerosing agents, administration directly into 
the pleural cavity without an intercostal tube was possible.44

 AUTOLOGOUS BLOOD “PATCH” PLEURODESIS

Autologous blood “patch” pleurodesis (ABPP) is a  readily 
available, inexpensive, simple, and painless procedure 
primarily for patients with a persistent air leak who are 
not suitable for surgery.75 A recent review of the  literature 
reported that ABPP stopped the air leak in 91.7%  
(n = 107).77

�e exact mechanism of action remains unclear; it is 
likely a combination of the direct sealant e�ect of the blood 

Table 44.2 Prospective randomized trials comparing talc with other agents

Authors Number of 
patients

Outcome measure Results

Talc slurry versus pleural drainage alone
Sørensen et al. (1984)61 31 Complete resolution of 

effusion and subjective 
improvement

Favored talc 100% versus 58%.

Thoracoscopic talc poudrage versus Tetracycline
Fentiman et al. (1986)52 41 Radiological control Favored talc (92% versus 48%, p = 0.022).
Thoracoscopic talc poudrage versus Bleomycin
Hamed et al. (1989)55 29 Radiological control ≥ 1 

month
Favored talc (0% reaccumulation versus 

33%, p = 0.057).
Diacon et al. (2000)51 36 Radiological recurrence rate 

and cost-effectiveness
Favored talc at 30 d (p = .12), 90 d (p = 0.01), 

and 120 d (p = 0.005). Cost estimation 
favored talc.

Talc slurry versus Bleomycin
Noppen et al. (1997)58 26 Recurrent pleural fluid ≥50% 

of initial volume or 
requiring pleurocentesis

No significant difference between groups.

Zimmer et al. (1997)60 35 Radiological control Favored talc (90% versus 79%, p = 0.388). 
Significant cost advantage with talc 
($12.36 versus $955.83).

Ong et al. (2000)59 50 Radiological control ≥ 
1 month. Cost analysis

Favored talc (89% versus 70%, p = 0.168). 
Cost analysis favored talc.

Haddad et al. (2004)54 71 No recurrence of pleural 
effusion or asymptomatic 
recurrence of small 
effusion. Cost analysis

No difference seen between groups at 30, 
60, and 180 days (p = 0.724). Talc 
significantly cheaper (p <0.001).

Thoracoscopic talc poudrage versus Mustine
Fentiman et al. (1983)53 46 Radiological control Favored talc (90% versus 56%, p <0.025).



558 Pleurodesis

clot together with provoked �brogenesis. �e optimal 
 volume of blood to use remains controversial. Although 
larger volumes (100–120 mL compared to 50 mL) have dem-
onstrated greater e�cacy in small studies,78,79 and animal 
models have recommended use of 2–3 mL/kg,80 no consen-
sus exists and practice varies between centers.

To perform ABPP, venous blood is venesected and 
promptly injected intrapleurally through a chest tube. To 
avoid induction of a tension pneumothorax, the chest tube 
should not be clamped, however: the tubing should be ele-
vated for 1–2 hours (e.g., using a drip stand set at approxi-
mately 60 cm); this allows air to escape while keeping the 
blood within the pleural cavity. Adverse e�ects are uncom-
mon but pleural infection or tension pneumothorax may 
occur.81

No randomized controlled trials have directly compared 
ABPP with chemical pleurodesis, but studies have shown 
similar e�cacy between the methods.82,83 Aihara et al. spe-
ci�cally recommend ABPP for patients with interstitial lung 
disease and a complicating air leak.82

Whether blood patches prevent pneumothorax recur-
rence is unknown with rates varying between 0% and 29% 
at up to 48 months.77,84

To date, blood patch is used mainly for pneumothorax. 
Whether it has any role in the control of recurrent pleural 
e�usions has not been evaluated.

OTHER AGENTS

Intrapleural administration of methylprednisolone acetate 
is postulated to work by reducing permeability of the pleu-
ral membrane and by exerting a local antitumor e�ect. 
Although early data suggested a possible bene�t, this has 
not been borne out in larger studies.85,86

Use of Staphylococcal superantigen (SSAg) in humans 
was assessed by Ren et al. following demonstrable tumori-
cidal e�ects in animal models and potential to induce 
regression of malignant e�usions.87 In this study (n = 14), 
intrapleural SSAg controlled pleural �uid production in 
100% of patients at 30 days and 86% at 90 days, and the 
median survival was 7.9 months. �ese results have not yet 
been veri�ed in controlled trials.

Kinoshita et al. instilled diluted �brin glue and reported 
a success rate of 87.5% for intractable pneumothoraces and 
post lung resection dead space in patients not �t for tho-
racotomy. In their study, intrapleural contrast medium 
was used to ensure adequate spread of the glue and iden-
tify persistent air leaks.88 Fibrin glue is less e�ective as a 
pleurodesing agent for pleural e�usion with a recurrence 
rate of up to 25%89 and overall success has been limited by 
chest tube blockage following administration.

COMBINATIONS OF AGENTS

Combinations of di�erent sclerosing agents, including unit-
ing surgical and chemical pleurodesis methods, to exploit a 
potential synergistic action, have been evaluated in few pub-
lished studies.45,69,90–92 �ese have failed to show conclusive 
bene�t over single-agent pleurodesis. Randomized trials are 

required to determine optimal combinations and compare 
with current practice.

TIMING OF PLEURODESIS

Malignant pleural effusion

No consensus exists regarding the timing of pleurodesis. 
Some pulmonologists advise pleurodesis as soon as a malig-
nant pleural e�usion is diagnosed, whereas others delay 
until symptomatic recurrence. �e reported success rate 
of pleurodesis between these groups is similar38; however, 
more advanced pleural malignancy reduces the likelihood 
of success.93 Delay also increases the risk of eventual devel-
opment of a trapped lung, which will preclude pleurodesis.

Timing of pleurodesis in chemotherapy-sensitive tumor 
is controversial. In ISPP, two-thirds favored waiting to see 
if chemotherapy is e�ective in controlling e�usion accu-
mulation; oncologists o�en favor this approach.94 No data 
exist on how o�en chemotherapy-sensitive tumors recur, 
therefore no de�nitive strategy is advocated. Risks of not 
pleurodesing include a potential site of infection during 
periods of neutropenia and third spacing of chemothera-
peutic drugs with resultant toxicity.95

�e use of pleurodesis for malignant e�usions in patients 
with epidermal growth factor receptor (EGFR) mutation-
positive metastatic lung cancer is another new clinical sce-
nario for which data are lacking. To further complicate the 
discussion, some evidence suggest that cells metastasized 
to the pleura may be a selected population disparate to the 
primary tumor and not merely a by-product of the primary 
malignancy (i.e., 15%–32% discordance observed in EGFR 
mutation status at metastatic sites).96–99

A�er chest tube insertion, instillation of the pleurode-
sis agent is traditionally delayed until the daily pleural �uid 
drainage rate is <150 mL. �is practice is supported by the 
majority of pulmonologists38 but increases the period of 
drainage, prolongs hospital stay, and has not been shown 
to be more  e�ective. �e amount of �uid drained, when the 
x-ray shows no residual �uid, likely represents the amount of 
�uid formation and may not be further reduced by prolonged 
drainage. �ere is an equal chance of  success if pleurodesis is 
performed when radiographic lung re- expansion is achieved 
and this practice is recommended.100

Pneumothorax

Debate surrounding the optimal timing and type of 
pleurodesis in patients with primary spontaneous pneu-
mothorax continues. Historical series suggest surgical 
intervention with pleurectomy or mechanical abrasion is 
superior but at the expense of increased morbidity.101–106

Discussion and referral for surgical intervention is gen-
erally recommended at day 5 in patients with a persistent 
air leak despite tube drainage although this cut o� time 
is arbitrary25,107,108 and earlier liaison advised by certain 
international guidelines.10 VATS allows identi�cation and 
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control of the source of the air leak as well as mechanical 
 pleurodesis, which carries a recurrence rate of <5%. Talc 
poudrage via VATS demonstrates comparable e�cacy and 
is favored by some surgeons.

Traditionally, chemical pleurodesis via chest drain is 
advocated only if the patient is unsuitable for surgery. �is 
concept has recently been challenged. Two large random-
ized trials have put the recurrence rates of those patients 
with a primary spontaneous pneumothorax that ful�lled 
trial entry criteria in the range of over 40%,63 much higher 
than cited in conventional texts. More importantly, the 
instillation of minocycline at the �rst presentation of pri-
mary spontaneous pneumothorax was shown to signi�-
cantly reduce the recurrence rate at 1 year (from 49.1% to 
29.2%) in a randomized study of 214 patients; its use did not 
create any reported problems in patients who eventually 
required surgical intervention.63

In some centers, patients with spontaneous pneumotho-
rax for whom chest drainage is required undergo �rst-line 
medical thoracoscopy. �is allows pneumothorax evacua-
tion, assessment and coagulation of accessible blebs or bul-
lae as well as pleurodesis by talc poudrage without the risk 
of general anesthesia.

In patients with secondary pneumothorax and a persis-
tent air leak, early referral (days 2–4) is recommended. VATS 
has been shown to be superior to chemical pleurodesis with 
recurrence rates of <5% although randomized controlled 
studies in this population are lacking.10,108 If the patient 
is not �t for general anesthesia, e.g., because of poor lung 
functions, chemical or autologous blood patch pleurodesis 
via a chest drain may be appropriate.

Congestive cardiac failure

In selected patients with congestive cardiac failure and pleu-
ral e�usion(s) refractory to conventional therapy, pleurode-
sis may be considered.106,107 Pleural �uid accumulates as 
an escape route for interstitial �uid in congestive cardiac 
failure and although pleurodesis carries a theoretical risk 
of worsening contralateral �uid accumulation or alveolar 
edema106,109; this has not been demonstrated clinically.

Hepatic hydrothorax

Hepatic hydrothoraces form, in part, by the transdiaphrag-
matic migration of ascitic �uid. Caution should be exer-
cised against routine chest drain placement in such patients 
as massive �uid loss may occur associated with secondary 
loss of electrolytes and protein. If medical treatment fails 
and repeated therapeutic thoracenteses for symptomatic 
relief are required, pleurodesis may be attempted. �e con-
comitant application of continuous positive airways pres-
sure ventilation to decrease the peritoneopleural pressure 
gradient (and reduce passage of ascitic �uid into the pleural 
cavity via diaphragmatic stomata) showed promising initial 
results but these have not been validated in larger studies.110 
Video-assisted thoracoscopy with closure of demonstrable 

diaphragmatic defects and simultaneous talc pleurodesis 
o�ers a potential therapeutic strategy although identi�ca-
tion of patients with such defects is not yet possible.111,112

Chylothorax

A�er conservative measures have failed, and/or ligation 
of the thoracic duct is not suitable, pleurodesis should be 
considered.113–115 It was previously believed that success-
ful chemical pleurodesis for chylothorax was di�cult to 
achieve: this has been attributed to normal underlying 
pleura or chemical composition of chyle. In recent years, 
however, large series have shown that pleurodesis can work 
for recurrent chylothoraces but ongoing medical manage-
ment to lessen chyle production should continue following 
all attempts.93

PATIENT SELECTION

No clinical, physiological, radiological, or biochemical 
parameter exists to reliably predict pleurodesis success.

Performance status re�ects the predicted survival of 
patients with malignant pleural e�usion and should be 
assessed in all patients prior to pleurodesis.116–119 If expected 
survival is short (arbitrary suggestion <3 months), less inva-
sive procedures may be more appropriate (e.g., therapeutic 
thoracentesis). Patients with a good performance status are 
more likely to derive bene�t from pleurodesis.117,118

Pleurodesis is only recommended in malignant pleu-
ral e�usion if symptomatic improvement (e.g., from prior 
thoracentesis) is exhibited.119,120 Dyspnea is o�en multifac-
torial and up to 50% of patients do not have demonstrable 
symptomatic relief following �uid evacuation.121 In this 
group, alternative causes for dyspnea should be addressed, 
e.g., obstructive airways disease, lymphangitis, pulmonary 
embolism, or “trapped lung.” �e presence of “trapped 
lung,” when lung expansion is restricted either by visceral 
pleura tumor encasement or by endobronchial obstruction, 
prohibits e�ective pleurodesis as the pleural surfaces do not 
oppose. Pleurodesis may also precipitate �brosis of the vis-
ceral pleura exacerbating restriction of the underlying lung.

In patients with metastatic malignant disease involving 
serosal surfaces, pleural, pericardial, and ascitic �uid col-
lections may concomitantly occur. Patients with extensive 
disease have a very short prognosis (e.g., weeks) particularly 
if other treatment modalities (e.g., chemotherapy) are not a 
viable option. Repeated therapeutic aspiration may be more 
appropriate. Insertion of an ambulatory indwelling pleu-
ral catheter (IPC) may also provide relief in such cases. In 
patients with signi�cant ascites, the peritoneal �uid should 
be drained prior to attempted pleurodesis to reduce trans-
diaphragmatic migration of �uid, which may reduce likeli-
hood of success.

�e identi�cation of clinical or biochemical parameters 
to guide selection of patients for pleurodesis has been the 
focus of much previous research. Several measures have 
been suggested including patients’ performance status, 
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size of e�usion on chest x-ray, and pleural �uid lactate 
 dehydrogenase (>2× upper normal limit for serum), glu-
cose (<60 mg/dL), or pH (<7.20).118,122,123 Low pleural �uid 
glucose (and pH) appears to arise secondary to tumor in�l-
tration, which decreases glucose transport into the pleural 
space as well as increased glucose utilization by cancer cells 
and reduced e�ux of acidic by-products from the pleural 
cavity.124,125 Cytological examination is frequently positive. 
A direct correlation has been observed between low pleural 
�uid pH (<7.30) and reduced survival rates126; however, data 
only weakly supports its use (pH <7.20) as a discrimina-
tive tool to determine likelihood of pleurodesis success.122 
�erefore, although low pleural pH may indicate patients in 
whom the likelihood of pleurodesis may be lower, it should 
not be used in isolation and this group should not be denied 
pleurodesis on this basis alone. Tumor type has been shown 
to in�uence pleurodesis success in retrospective analyses. 
Bielsa et al. showed that patients with a malignant pleural 
e�usion as a consequence of lung cancer or malignant pleu-
ral mesothelioma had lower success rates following talc or 
doxycycline pleurodesis, compared to patients with breast 
or other primary malignancies.127

TRANSPLANT CONSIDERATIONS

Many patients who eventually require lung transplanta-
tion encounter complications that raise the question of 
the appropriateness of pleurodesis, e.g., recurrent pneu-
mothoraces in COPD, cystic �brosis or lymphangioleio-
myomatosis (LAM). Recent evidence from patients with 
recurrent pneumothoraces and underlying LAM suggests 
pleural adhesion/�brosis does not preclude successful 
transplantation although it does increase the rate of peri-
operative bleeding and technical di�culty.13,128 Liaison 
with a specialist transplantation unit is recommended 
prior to pleurodesis in any potential future lung transplant 
candidate.

 CLINICAL CONSIDERATIONS AT 
PLEURODESIS

Size of chest tube for pleurodesis

No adequately powered randomized trials de�ne an opti-
mal chest drain size to maximize pleurodesis e�cacy. 
Traditionally large-bore chest tubes have been used; how-
ever, pleurodesis via small-bore tubes (<16 F) is associ-
ated with comparable success rates, and a large number of 
non-randomized studies suggest they are better tolerated 
than larger-bore drains.122,129–137 Small-bore drains were 
still under-utilized with larger  (28–32  F) tubes preferred 
in the United States and Canada, and 20–24 F favored in 
the United  Kingdom and Australasia38 in a survey pub-
lished  in  2003. Ambulatory small-bore catheters enable 
pleurodesis to be performed on an out patient basis obvi-
ating the need for hospital admission, and associated 

costs.138,139 �is has been successfully applied in small trials 
with most pleurodesing agents, including talc slurry.

Patient rotation

Whether rotation of the patient following administration 
of the pleurodesing agent aids its distribution and improves 
success remains debatable. �e success rate of pleurode-
sis and distribution of talc throughout the pleural cav-
ity appear independent of rotation in small studies.140,141 
Concerns, however, have been expressed for talc slurry as it 
is not soluble and particles gravitate toward the bases of the 
pleural cavity. As rotation is a safe procedure, there is little 
to contradict its use.

Clamping time

Whether prolonged contact of a pleurodesing agent with the 
pleural surface is required to induce in�ammation and suc-
cessful pleural union has not been assessed, and no studies 
address the optimal chest tube clamping time. Signi�cant 
variations in practice occur and most pulmonologists clamp 
the tube for 1–4 hours.38

Suction

To achieve opposition of the pleural membranes, suc-
tion is applied in some centers following release of tube 
clamping. No universal guideline exists but some advocate 
 suction until tube drainage is less than 100 mL daily. If 
used, carefully graded suction should be initiated to prevent  
re-expansion pulmonary edema.

Chest tube removal

�e optimal duration for drainage following pleurodesis 
is unknown, though most chest drains can be taken out at 
48 hours. Some pulmonologists use daily �uid drainage to 
guide removal, whereas others remove the drain at a spe-
ci�c time a�er pleurodesis regardless of �uid volume.38 
No di�erence has been shown in pleurodesis success rates 
in patients randomized to drain removal at 24 hours com-
pared to removal at 72 hours in one study of 41 patients. 
Length of hospital stay, however, was signi�cantly reduced 
in the former group (4 vs. 8 days; p <.01).142

Best analgesia

Pleurodesis can be painful, presumably from the intense 
pleural in�ammation provoked. Instillation of intrapleu-
ral analgesia is recommended before administration of the 
pleurodesing agent,129 but evidence supporting this practice 
is scant and questions remain on whether the e�ectiveness 
of the anesthetic is maintained following dilution when the 
pleurodesing agent is subsequently introduced. Only one 
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small non-randomized (n = 20) study has compared 250 mg 
versus 200 mg of intrapleural lidocaine and the result was 
di�cult to interpret.143 Further randomized, blinded trials 
are needed.

Narcotic analgesia and/or conscious sedation should be 
used as premedication provided no contraindications exist. 
�ere are no clinical studies evaluating e�cacy of di�erent 
analgesic agents following pleurodesis.

 Effect of nonsteroidal anti-inflammatory 
drugs and prednisolone

Modulation of the in�ammatory cascade, theorized to play 
a salient role in e�ective pleurodesis, may limit  pleurodesis 
e�cacy. Experimental animal studies have shown that 
concomitant administration of high dose  corticosteroids 
or non steroidal anti-in�ammatory medication reduces 
formation of talc and doxycycline induced pleural adhe-
sions.20,144,145 Con�icting evidence exist; in another animal 
study using short-term nonsteroidal anti-in�ammatory 
drugs (NSAIDs), no e�ect was seen, and the systemic use of 
these agents did not in�uence the outcome of silver nitrate 
or TGF-β-induced pleurodesis.31,144 Analysis of a random-
ized trial assessing pleurodesis  e�cacy in patients given 
either NSAID or opiate analgesia is ongoing and the results 
eagerly anticipated. In the absence of high-quality data, it 
is recommended that wherever possible systemic steroids 
should be avoided prior to, and in the immediate period fol-
lowing, pleurodesis.

Effect of heparin

Activation of the coagulation cascade has been shown 
to play an important role in organ �brosis and stimula-
tion of systemic, and pleural coagulation pathways have 
been demonstrated following talc poudrage. �e use of 
prophylactic heparin (or its derivatives) to prevent throm-
boembolic disease is common in clinical practice; how-
ever, it has been postulated that their use may reduce 
pleurodesis e�cacy via an inhibitory action on pleural 
 coagulation.146,147 Further study to address the signi�-
cance of this e�ect is needed.

 SIDE EFFECTS/COMPLICATIONS OF 
PLEURODESIS

Common side e�ects of all sclerosing agents include chest 
pain and fever, presumably from the intense pleural in�am-
mation provoked.

Talc: Its safety

Although talc is e�ective, concerns regarding potential 
lethal side e�ects persist.

Talc-induced ARDS has been widely reported,146,149–155 
and its incidence ranges from 0% to 9% in di�erent stud-
ies. �e mechanism remains poorly understood. ARDS has 
been seen a�er both talc slurry instillation and talc pou-
drage,153 and with low (2 g) and high (10 g) talc doses.149 
It is hypothesized that acute lung in�ammation secondary 
to the systemic distribution of talc particles occurs and 
a resultant pneumonitis precipitates respiratory failure. 
To date, many ARDS cases have been reported from the 
United States where interestingly, commercial preparations 
used have predominantly small-size (<20 μm) talc par-
ticles.156 Randomized controlled trials support the theory 
that talc preparations consisting of mainly small particle 
sizes are absorbed in higher concentrations systemically 
in animals, possibly through parietal pleural pores, and 
induce more lung and systemic in�ammation.94 A Spanish 
study con�rmed an increased systemic in�ammatory 
response (serum and pleural �uid) in patients receiving 
small particle talc (n = 103) compared with larger  particle 
size preparations (n = 124).157 Further studies demon-
strate deposition of talc in extrapleural tissues following 
pleurodesis, and in rabbit models there is a dose-dependent 
e�ect.146,152 However, in all the animal and human studies, 
few (if any) actually developed ARDS despite the demon-
stration of extrapleural talc deposition and raised systemic 
in�ammation.

In addition to small-size talc particles, impurities and 
other contaminants of talc preparations may also be con-
tributing causes of ARDS. A large prospective study of over 
550 patients in Europe and South Africa failed to iden-
tify any cases of ARDS a�er pleurodesis using graded talc 
of mainly large particle size.158 However, those receiving 
graded talc did have an increased oxygen requirement for 
2–3 days a�er pleurodesis.

Current evidence suggests that only large-particle-size 
talc preparations should be used. Special care should be 
exercised in patients with preexisting hypoxia or advanced 
lung disease and an alternative agent (e.g., tetracycline) con-
sidered in such circumstances.

 LONG-TERM EFFECTS OF PLEURODESIS

The long-term outlook in patients following pleurodesis 
is not generally a concern for patients with malignant 
effusions. However, the long-term effect of talc pleurode-
sis for pneumothorax is often a topic of discussion.159 
Lange et al. showed that talc pleurodesis in 114 young 
patients with primary spontaneous pneumothoraces 
was associated with only mild and clinically insignifi-
cant restriction in lung function and total lung capacity 
after 22–35 years of follow-up.160 Györik and colleagues 
concurred with these findings observing normal lung 
function at a median follow-up of 118 months in patients 
who did not smoke.161 Although pleural thickening may 
be evident radiographically, there is no increased risk of 
pleural malignancy.
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 ALTERNATIVES/WHAT TO DO IF 
PLEURODESIS FAILS

No good data exist to guide the management of patients 
who have failed pleurodesis, but the following options can 
be considered:

Indwelling pleural catheter

Long-term tunneled IPC insertion allows outpatient man-
agement of refractory malignant pleural e�usion and can 
be considered as a �rst-line option alongside pleurodesis.162 
Insertion is also indicated as the initial treatment in patients 
with a symptomatic e�usion and underlying “trapped lung.”

�e catheters can be inserted as a day case obviating hos-
pital admission and their presence induces a complete or 
partial pleurodesis in up to 70% of patients.134,139,163 Patients, 
or their carergivers, can drain the e�usion as guided by 
symptoms avoiding hospitalization.

IPCs are generally well tolerated and associated with low 
complication rates, e.g., local tumor invasion at the inser-
tion site (3.4%), pleural infection (2.7%–4.7%)164 and cath-
eter blockage (4.6%).165

Early cost savings have been demonstrated with �rst-line 
IPC use mainly as a consequence of reduced hospital costs; 
however, a more detailed economic analysis has shown no 
signi�cant di�erence in cost-e�ectiveness or quality-added 
life years (QALY) a�er a 1-year follow-up period.162,166 
Placement of an IPC following thoracoscopic talc poudrage 
has been shown, in a pilot study, to reduce hospital stay and 
duration of IPC use167—this approach may exploit the early 
cost bene�ts associated with IPC use.

Successful pleurodesis has been performed with 
 instillation of sclerosant through the IPC134; this is the 
 subject of ongoing study. Insertion of a silver nitrate–elut-
ing IPC has also been shown to facilitate pleurodesis in an 
animal model.168

Repeat pleurodesis

Repeated talc pleurodesis may be appropriate in patients 
with good performance status although anecdotally it is 
associated with lower success rates. One comparison study 
between 500  mg quinacrine (n = 54) and 5 g talc slurry 
(n  =  56) reported the need for repeat administration in 
31% versus 7% of patients, respectively, following initial 
treatment. Repeat talc instillation was successful in 50% 
of patients (2/4), increasing the overall success rate by only 
3.6%.40

A di�erent agent may be used but quality evidence to 
support this practice is lacking.

Pleuroperitoneal shunt

Insertion of a pleuroperitoneal shunt may be considered if 
pleurodesis fails. Shunt occlusion (about 10%), pain, and 
infection are potential complications.

Parietal pleurectomy

Parietal pleurectomy aims to create uniform adhesions 
between the visceral pleura and chest wall. For recur-
rent spontaneous pneumothorax, failure rates of <0.5% 
are quoted (although this rate is not for patients who have 
already failed pleurodesis).35,169 Parietal pleurectomy is 
e�ective in patients with refractory malignant pleural e�u-
sions; however, case selection is important as it is associ-
ated with higher morbidity and length of hospital stay, and 
should be reserved for patients with exceptionally good per-
formance status and prognosis.

Repeated thoracentesis

Serial therapeutic thoracenteses to relieve breathlessness 
should be considered in patients with a poor performance 
status, a short predicted life expectancy (e.g., <3 months), 
trapped lung, or at their request. However, repeated aspira-
tions are not usually recommended as they are uncomfort-
able for the patient, may exacerbate protein loss,93 and can 
increase the risk of pleural infection and pneumothorax.

Heimlich valve

�e one-way Heimlich valve enables patients with recur-
rent persistent pneumothorax to be treated as outpatients.170 
However, high-quality data supporting their use is lacking 
and, at present, insertion should be considered on an indi-
vidual basis.

Noninvasive palliation

Early palliative care input should be sought. 
Pharmacological measures such as opiates, anxiolytics, 
and sedatives can be instituted to alleviate the sensation of 
dyspnea in terminally ill patients with symptomatic e�u-
sions or pneumothorax alongside physical adjuncts such 
as a hand held fan. Supplemental oxygen therapy may be 
appropriate; however, little evidence exists to support its 
routine use. Other factors contributing toward the dyspnea 
should be addressed.

FUTURE DIRECTIONS

�e increasing incidence of pleural disease looks set to con-
tinue, yet there remains a dearth of data on which to base 
current clinical practice surrounding pleurodesis.

Malignant pleural e�usion (and likewise pneumotho-
rax) represents a collection of heterogeneous patients. 
Increasing evidence suggests that a simplistic approach 
toward pleurodesis, using the same agent and approach 
(e.g., talc pleurodesis) irrespective of the indication, 
patients’ tumor types, and phenotypic attributes, is unsat-
isfactory. In this era of patient- centered, individualized 



References 563

clinical approach, future studies should aim to identify 
the best management for  di�erent patient subgroups (e.g., 
based on life expectancy, �uid re-accumulation rate, symp-
toms, chemotherapy response, etc.171).

Alternative strategies to pleurodesis are now available 
and randomized controlled trial results supporting use of 
IPCs as �rst-line therapy for malignant pleural e�usion 
are a positive move forward. However, little data exist to 
determine who would best be served by their use or which 
patients will have successful pleurodesis.

Targeted therapies addressing the underlying pleural 
tumor and resultant pleural �uid would allow primary pre-
vention of malignant pleural e�usion. Further studies inves-
tigating the role of anti angiogenic approaches, e.g., use of 
zoledronic acid,172,173 to stop e�usion formation rather than 
e�ecting pleurodesis, are ongoing.

�ere is still no dependable predictor for pleurodesis 
failure. �is would allow identi�cation of patients who are 
unlikely to bene�t and hence reduce unnecessary exposure 
of this cohort to potentially serious side e�ects of sclerosing 
agents. �e search for more accurate, repeatable markers 
continues.

�e potential role of intrapleural therapy with chemo-
therapeutic agents, immune modulators, and gene therapy 
o�ers a novel approach. Gene therapy is the subject of 
exciting ongoing research and although still in its infancy, 
may provide a future treatment of pleural malignancies 
(see Chapter 22).
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Tunneled pleural catheters

ALEX CHEE, PAUL MACEACHERN, DAVID R. STATHER, AND ALAIN TREMBLAY

Tunneled pleural catheters (TPCs) provide symptom relief for 
patients with recurrent pleural e�usions. Over the past decade, 
TPCs have become a �rst-line option for patients who prefer 
outpatient management of their pleural  e�usions. Although 
primarily used for malignant pleural e�usions (MPEs), TPCs 
are increasingly being considered in nonmalignant disease.

TUNNELED PLEURAL CATHETER

TPC is a catheter inserted into the pleural space for chronic 
drainage of pleural e�usions. Available from several man-
ufacturers, they are typically a 15.5–16 Fr, 40–60  cm sili-
cone catheter with multiple fenestrations along its distal 
aspect. �e external tip of the catheter contains a valve that 

prevents leak of air or �uid from the pleural space when the 
catheter is not connected to an external drainage system 
(Figure 45.1). �e catheter is tunneled subcutaneously for 
several centimeters and a polyester cu� is embedded under 
the skin during insertion. �e textured cu� located midway 
along the catheter acts as a nidus for tissue ingrowth and 
healing, creating a seal along the tunnel tract.

INDICATIONS FOR USE

MALIGNANT PLEURAL EFFUSIONS

Use of a chronic pleural catheter for a recurrent MPE was 
�rst reported in 19861 with a modi�ed Tenckho� catheter 

KEY POINTS

 ● Tunneled pleural catheters (TPCs) allow for long-term, outpatient management of malignant pleural e�usions, 
with similar e�cacy to talc pleurodesis and shorter hospital stays.

 ● TPCs are considered �rst-line therapy for patients with malignant pleural e�usions and trapped lung.
 ● Spontaneous pleurodesis occurs in a signi�cant proportion of TPC placements.
 ● TPCs have uncertain e�ectiveness for benign pleural e�usions and should preferably be used in a research setting 

to increase our understanding of the risks and bene�t of this approach.
 ● TPC-related complications can o�en be treated in an outpatient setting.
 ● TPCs should be placed within an organized program.
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and peritoneal access port placed in a patient who failed 
pleurodesis. �is modi�ed catheter was drained twice 
weekly at home and e�ectively relieved the patient's dys-
pnea. Since the manufacture of a dedicated pleural device 
in the late 1990s, tunneled catheters have been used with 
increasing frequency for patients with MPE. Current guide-
lines2,3 for the management of MPEs suggest that TPCs 
are e�ective for select patients who are symptomatic from 
MPEs.

�e primary goal of treatment with TPC is to relieve symp-
toms and improve quality of life. A meta-analysis of cohort 
studies of patients with recurrent MPE has shown that symp-
tom improvement occurs in over 90% of cases.4 Another pro-
spective study using the EORTC Quality of Life tool reported 
statistically and clinically signi�cant improvements in dys-
pnea as well as overall quality of life scores 2 and 14 weeks 
a�er TPC insertion.5 Improvement in dyspnea scores rep-
resented a large change while those in overall quality of life 
corresponded to a moderate change con�rming the positive 
impact of this treatment approach in patients with MPE.

Although the primary goal of TPCs is to achieve an 
improvement in e�usion-related symptoms by drainage, spon-
taneous pleurodesis (SP) has been reported in a signi�cant 
proportion of patients. �e exact mechanism of SP remains 
unknown. SP rates are quite variable and have been associated 
with positive pleural �uid cytology, speci�c subtype of cancer, 
lack of chest wall irradiation, and complete expansion of the 
lung a�er �uid removal.6,7 A meta-analysis of 19 studies found 
SP occurring in 45% of the 943 patients reported.4 Time to 
catheter removal also varies widely between patients but has 
been reported to range from 2 to 434 days with a combined 
mean of 51 days.4 TPCs may be removed when there is mini-
mal (<50 cc) �uid drainage over three consecutive attempts 
with no signi�cant �uid recurrence on chest radiograph8,9 
although other criteria have been described. �e need for 
ipsilateral pleural interventions a�er catheter removal is low 
with pleural �uid recurrence rate a�er TPC removal of 7.7% 
overall.4

TPCs have been particularly useful in patients with 
incomplete lung reexpansion or “trapped lung.” Given the 

lack of apposition of the visceral and parietal surfaces in such 
cases, pleurodesis procedures are not indicated,2,3 leaving 
repeated thoracentesis and TPCs as the main options. TPCs 
are an e�ective solution to provide symptom control for 
these patients and are considered �rst-line therapy by current 
guidelines.2,3 A reported cohort of 116 patients with TPCs for 
trapped lung reported improvement in mobility in 65% of 
cases and symptom improvement in 48%.10 Another study 
placed TPCs in patients when thoracoscopic pleurodesis was 
contraindicated due to trapped lung and noted symptom 
improvement in 94% of patients.11 Despite lack of pleural sur-
face apposition at the time of initial drainage, chronic drain-
age with a TPC can occasionally result in pleurodesis.11–14

Cancer can cause chylothorax via damage to the thoracic 
duct or obstruction of lymphatic drainage from the pleural 
space. TPCs for cancer-related chylothorax has been reported 
in a small group of patients with symptom improvement and 
good lung reexpansion (>80%) noted in 91% of cases and SP 
in 55%.15 Despite the ongoing removal of pleural �uid rich in 
lymphocytes and triglycerides from the TPC, this study found 
no di�erence in serum lymphocyte count or serum albumin 
change in patients with malignant chylothorax when com-
pared to patients treated with other modalities.

TPC VERSUS PLEURODESIS

Seven studies have compared TPCs to chemical pleurode-
sis for the management of recurrent MPE: four prospective 
studies and three retrospective studies (Table 45.1). In total, 
901 patients were compared with 495 undergoing TPC inser-
tion and 406 undergoing chemical pleurodesis with either 
doxycycline or talc. Symptom assessment was reported in 
three of the studies.8,16,21 No studies showed a statistically 
signi�cant di�erence in dyspnea between the two groups. 
Other studies reported pleural e�usion control as mea-
sured by chest radiograph19,20 or reintervention rate a�er 
therapy. Two studies19,20 reported superior e�usion control 
by TPCs, whereas the other studies reported no di�erence in 
symptoms or e�usion control between the two therapeutic 
options. No studies reported that chemical pleurodesis was 
superior to TPCs. TPCs were also reported to provide symp-
tom relief to patients with trapped lung syndrome, while this 
patient group was not o�ered chemical pleurodesis.21

TPC insertion is o�en performed as an outpatient proce-
dure while talc pleurodesis necessitates an inpatient admis-
sion as part of the bedside or thoracoscopic procedure. All 
studies reported a lower hospital admission length with 
TPCs. When postprocedure complications are taken into 
account, TPCs still report a lower number of e�usion-related 
hospital admission days. All studies described adverse events 
a�er TPC insertion or talc pleurodesis in varying degrees 
of detail. Although skin infections were more common in 
the TPC groups, overall complication rates were variable 
between studies and no therapy was statistically superior 
to the other. Patients undergoing either TPC or chemical 
pleurodesis for MPEs had similar lengths of survival.

Figure 45.1 PleurX® tunneled pleural catheter and valve 
cap (CareFusion, San Diego, CA).
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Overall, TPCs have compared favorably against talc 
pleurodesis for the management of MPEs. Patients appear to 
have shorter hospital admissions with an equivalent degree 
of symptom relief. �ere is a higher rate of complications but 
most are minor and treated in the outpatient setting, such a 
cellulitis or tube blockage. �e best study to date, TIME2,8 
randomized patients to either TPC or talc pleurodesis 
and rea�rmed no signi�cant di�erence in dyspnea con-
trol between the therapies and shorter hospitalizations with 
TPCs, though more common minor complications.

Talc pleurodesis and TPCs can be deployed as comple-
mentary therapies. A pilot study investigated the combined 
use of TPCs and talc pleurodesis.22 �irty patients with 
MPEs underwent medical thoracoscopy and talc insu�a-
tion followed by ipsilateral placement of a TPC facilitating 
postprocedure discharge. �e median length of hospital 
stay (LOS) was 1.8 days with a TPC removal rate (indica-
tive of pleurodesis) of 92% at 6 months and median time to 
removal was 7.54 days. Although this was not a compara-
tive study, these results are better than previously published 
LOS data with talc pleurodesis, TPC removal rate, and time 
to TPC removal. Others have successfully placed a TPC at 

the time of thoracoscopy when trapped lung is discovered,14 
or following recurrence of e�usion a�er a failed attempt at 
chemical pleurodesis.23

COST-EFFECTIVENESS

�e decision to perform talc pleurodesis or insert a TPC can 
be a�ected by the potential costs of either treatment. Two 
studies have modeled the costs associated with TPCs and 
compared its cost-e�ectiveness to chemical pleurodesis.24,25 
Both models used decision analysis trees but with di�er-
ing assumptions for TPC mortality and complication rates. 
Both studies used distinct time points to model short-term 
(6 weeks, 3 months) and long-term (6 months, 12 months) 
survival and found that TPCs were more cost-e�ective for 
the short-term endpoints, whereas talc pleurodesis was 
more cost-e�ective for long-term endpoints. Both studies 
did comment that TPCs and talc pleurodesis provided simi-
lar therapeutic endpoints and that the decision of therapy 
should be tailored to patient preferences. A recent economic 

Table 45.1 Clinical trials comparing tunneled pleural catheters to chemical pleurodesis in the management of patients with 
recurrent malignant pleural effusions

Study Study design Sample size 
(total, TPC/
pleurodesis)

Symptom 
improve-

ment

Days in 
hospitala

TPC 
pleurodesis 

rate

Complications 
(events)

Median 
survival

Putnam 
et al.16

Prospective, 
randomized

144 (99/45) — TPC 1b 
Doxy-
cycline 
6.5

42/91 (46%) TPC 19N/A 
Doxy cycline 7

TPC 87 dn.s. 
Doxycycline 
90 d

Freeman 
et al.17

Retrospective, 
cohort

60 (30/30) — TPC 3b 
Talc 6

9/30 (30%) TPC 0b Talc 6 TPC 8 mon.s. 
Talc 6 mo

Hunt 
et al.18

Retrospective, 
chart review

109 (59/50) — TPC 7n.s. 
Talc 8

— TPC 3n.s. Talc 7 —

Srour 
et al.19

Retrospective 
cohort

360 
(193/167)

— — 96/193 
(50%)

TPC 50n.s. 
Talc 68

TPC 148 db 
Talc 133 d

Demmy 
et al.20

Prospective, 
randomized

57 (28/29) — — 17/26 (65%) TPC 8N/A 
Talc 3

TPC 147 dn.s. 
Talc 147 d

Fysh 
et al.21

Prospective, 
nonrandomized

65 (34/31) TPC 
14/15 
(93%)n.s. 
Talc 
6/12 
(50%)

TPC 
6.5bTalc 
18

14/34 (41%) TPC 7n.s. 
Talc 14

—

Davies 
et al.8

Prospective, 
randomized

106 (52/54) TPC 
42/49 
(86%)n.s. 
Talc 
35/47 
(74%)

TPC 1b 
Talc 4.5

26/51 (51%) TPC 28b Talc 9 TPC 153dn.s. 
Talc 200 d

Abbreviations: d, days; mo, months; N/A, statistical analysis not performed; n.s., no significant difference.
a   Length of inpatient hospital stay for initial treatment with either TPC or pleurodesis.
b  Statistically significant difference between TPC and pleurodesis, p < 0.05.
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analysis of the TIME2 trial tracked the costs of procedures 
and adverse events over the 1-year trial follow-up.26 No 
signi�cant di�erence in costs was noted between the two 
treatment arms over the length of the trial, with equivalent 
impact on symptom control.

BENIGN EFFUSIONS

Although TPCs are primarily considered in malignant dis-
ease, there has been increasing interest in its use in chronic 
benign e�usions. Use of TPCs to treat refractory pleural 
 e�usions from congestive heart failure has been reported by 
several centers. An initial report of �ve patients suggested 
good control of dyspnea; however, two of the �ve patients 
experienced empyema as a complication of treatment.27 
A  series reported 38 patients28 with symptoms of dyspnea 
from recurrent pleural e�usion despite maximal medical 
therapy by a cardiology service. Catheters were inserted as a 
bridge to heart transplantation or deemed a palliative proce-
dure. Statistically and clinically signi�cant improvement in 
dyspnea was noted at 2 weeks following TPC insertion with SP 
achieved in 29% of patients. No cases of empyema or catheter 
blockage were noted though there were other  complications 
including symptomatic loculation (4.7%), subcutaneous 
emphysema (11.6%), and pneumothorax (11.6%). �is prelim-
inary data would suggest that TPCs can be e�ective in man-
aging such refractory pleural  e�usions when  coordinated by 
experienced teams familiar with their use as well as optimal 
management of severe heart failure. Nevertheless, more stud-
ies on the risks and bene�ts of this approach are required 
before more widespread use can be recommended.

Current guidelines on the management of hepatic 
hydrothorax recommend the use of sodium restriction 
and diuretics as �rst-line agents with transjugular inter-
hepatic portosystemic shunts as second-line therapy.29 
Chest tube insertion is associated with elevated morbidity 
and  mortality in patients with hepatic hydrothorax30 and 
considered a  relative contraindication.29 However, there 
have been reports of the use of TPCs in the management 
of hepatic hydrothorax refractory to conventional thera-
pies.31–33 A total of 10 patients have been reported with 
symptom improvement, but two cases were complicated 
by skin infection. Given the potential morbidity associ-
ated with pleural drainage in this population, use should be 
 considered experimental at this time.

TPC insertion has been described in small patient cohorts 
with benign symptomatic chylous pleural e�usions. �e eti-
ology of the chylothoracies included postoperative trauma, 
yellow nail syndrome, lymphangioleiomyomatosis, supe-
rior vena cava obstruction, and idiopathic chylothorax.34,35 
Mild reductions in serum total protein, albumin, and/or 
lymphocyte counts were noted in 5 of 13 patients but there 
were no adverse nutritional, hemodynamic, or immunologic 
outcomes. Two occasions of catheter occlusion responded 
to intracatheter tissue plasminogen activator (tPA), and no 

reported infections were noted over one and a half years of 
catheter follow-up. SP was achieved in 67% of TPC insertions. 
�ese reports were retrospective and all cases were performed 
only when other interventions such as serial thoracentesis and 
dietary  modi�cations had failed. We recommend that TPCs 
are not appropriate for �rst-line therapy for benign chylous 
e�usions but may be e�ective in select individuals where other 
interventions have failed to provide symptom relief.

 TECHNICAL AND PRACTICAL  
ASPECTS

TPC INSERTION TECHNIQUE

Insertion of a TPC should be carried out under  sterile 
 technique and full barrier precautions. �is can be 
 performed in a properly equipped procedure room, 
 endoscopy suite, or operating room. Although occasionally 
combined with a thoracoscopic procedure, the latter is not 
required for  placement. Local anesthesia is suitable for the 
vast majority of cases, while a sublingual benzodiazepine 
can be used in anxious patients. Our center typically per-
forms TPC insertion in an outpatient setting at the time of 
�rst consultation.36,37

�e patient, comfortably draped, is positioned in a 
semirecumbent position to facilitate access to the pleural 
space. For patient comfort during sleep, we favor placement 
anterolaterally along the anterior axillary line, although the 
position can be adjusted more posteriorly in patients with 
a large breast or abnormal skin at the preferred site (infec-
tion, postradiation therapy, in�ammatory breast cancer). 
Transthoracic ultrasound is highly recommended to iden-
tify a safe site for pleural access and/or select a reasonable 
pocket of �uid in a complicated pleural space. Subcutaneous 
local anesthetic is administered with a 25-gauge needle to 
anesthetize the skin, subcutaneous and deep tissues as well 
as to con�rm aspiration of pleural �uid. An 18-gauge intro-
ducer needle is then inserted into the pleural space and a 
guide wire advanced through the needle, which is itself 
removed. At this point, an appropriate tunnel site can be 
determined. Typically the tunnel length is ~5–7 cm, directed 
anteriorly and caudally from the guide wire, positioned for 
patient comfort and with su�cient length to allow the skin 
to scar around the catheter prior to its entry into the pleu-
ral space while keeping catheter side holes within the chest 
cavity for drainage. Two small skin incisions are made and 
the catheter and semirigid tract tunneler are pulled through 
the subcutaneous plane from the exit site to the guide wire 
site with only blunt force (Figure 45.2). �e catheter is then 
pulled through until the cu� is buried no more than 1-cm 
past the exit site to facilitate eventual removal. A dilator 
and peel away introducer sheath are used over the guide 
wire to direct the catheter into the pleural space. �e intro-
ducer sheath is then peeled away and removed, followed by 
placement of two simple sutures at the pleural entry site 
(Figure  45.3). �e catheter exit site should not require a 



574 Tunneled pleural catheters

suture per se, but a retention suture is added to maintain 
position of the catheter until �brosis can occur surround-
ing the cu�. Following drainage, a valve cap is applied and 
dressing placed to protect the TPC until the next drainage 
procedure.

Catheters and placement kits may di�er between manu-
facturers so that operators should ensure familiarity with 
the speci�c device and manufacturer instructions prior to 
the insertion of a TPC.

TPC DRAINAGE

Drainage of the TPC can be accomplished in patients’ 
homes independently or preferably with family members 

or home care aides assuming adequate education and 
 training for all involved. �e frequency of drainage is vari-
able among patients and centers and can range from weekly 
or as needed drainage to a more aggressive daily drainage 
schedule. We favor a three times per week schedule until 
time of removal in most cases, with an as needed approach 
in patients with trapped lung. Most TPC systems have 
 corresponding drainage bottles that connect to the speci�c 
safety valve of the catheter. Sterile technique is essential 
for the drainage process to prevent infection. Because the 
aim of the TPC is to minimize symptoms from the pleu-
ral  e�usion, drainage should be stopped when the patient 
experiences any discomfort such as coughing, chest tight-
ness, or pain. Although disposable plastic drainage bottles 
are  normally used, the cost of repeated drainage can be 
 signi�cant for patients and health-care system. A surgi-
vac pump  continuously  connected to the catheter until 
pleurodesis has been  demonstrated to be a cost-e�ective 
alternative to  disposable bottles in developing countries.38 
Drainage bags have also been used intermittently or in 
a continuous fashion although published data on these 
approaches are lacking.

 COMPLICATIONS AND THEIR 
MANAGEMENT

�e most common complications of TPC usage are infection 
such as local cellulitis or empyema, catheter blockage, 
or loculations in the pleural space. Local skin infections 
within the �rst month of TPC insertion are o�en attributed 
to skin organisms and occur in approximately 3%.4 
Cellulitis associated with TPCs typically responds well to 
oral antibiotic management targeted against Streptococcus 
and Staphylococcus species. Comordibities such as diabetes 
mellitus or immunosuppressive therapies may warrant the 
use of broader spectrum antibiotics. Empyema is a more 
serious complication that tends to occur a�er 1 month 
or more of drainage and usually warrants hospitalization 
and the use of  intravenous antibiotics. A multicenter 
retrospective review of 1021 patients found an overall 
pleural infection rate of 4.7% with an associated mortality 
rate of 0.29%.39 Staphylococcus aureus was the most common 
organism isolated but gram-negative and mixed infections 
were not uncommon, making microbiological cultures of 
pleural �uid essential to proper antibiotic management. 
In this review, 74% of patients were admitted to hospital 
and two-thirds received parenteral antibiotics. We also 
favor ensuring adequate pleural drainage of the infected 
space by connecting the TPC to a continuous drainage 
system. Consideration can be given to additional DNAse/
�brinolytic  treatment as per usual care of empyema40 
although data speci�c to this population is lacking. We have 
noted only the rare need to insert additional chest drains. 
Following resolution of infection, the TPC can be removed 
in 60% of cases due to ensuing pleurodesis.39

Figure 45.2 Pleural catheter after tunneling under 
skin. Polyester cuff is seen prior to its insertion within 
the subcutaneous tract. Guide wire into pleural space 
is visible.

Figure 45.3 Tunneled pleural catheter after insertion into 
pleural space, secured with 2-0 silk suture. Sutures are 
removed once skin incision heals.
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Occasionally, a TPC no longer drains despite increased 
�uid accumulation or symptoms. In such cases of symp-
tomatic loculation, catheter blockage or �uid septation and 
loculation should be suspected. TPC obstruction has been 
noted in 3.7% (33/895) of cases,41 usually due to �brinous 
debris. Minor obstructions are o�en relieved with a 0.9% 
saline �ush through the catheter valve. If this is unsuc-
cessful, septations or loculations may be to blame in which 
case instillation of �brinolytic agents has a high success 
rate of increasing drainage and improving symptoms.42 
Symptomatic loculations not communicating with the TPC 
can be drained via thoracentesis or, if it recurs, a second 
TPC. Minimally, symptomatic collections are best le� alone 
and will o�en remain stable rather than progress. Recurrent 
multiloculated pleural e�usions are more di�cult to treat. 
Repeated intrapleural �brinolysis can be used if temporarily 
e�ective while thoracoscopy or decortication may be con-
sidered in certain cases.

TPC REMOVAL

Removal of a TPC can be accomplished when SP has been 
achieved. Signi�cant variation exists between centers as to 
the de�nition of this event. �e most common trigger for 
removal is when pleural �uid drainage through the TPC 
is below 50 mL per drainage for three or more consecutive 
attempts, assuming a three times per week drainage regi-
men. TPC removal can be performed in the outpatient set-
ting with local anesthesia in�ltrated around the polyester 
cu� to maintain patient comfort during extraction. Gentle 
extraction of the cu� by exerting tension on the catheter 
±blunt dissection with a curved forceps through the exist-
ing catheter tract usually allows for uncomplicated removal 
of the catheter. �ere are six reported cases of catheter frac-
ture during TPC removal but there were no adverse con-
sequences.43 Steri-Strips are then applied to the exit site in 
addition to a dry dressing and an ostomy bag can be applied 
temporarily to the site if there is residual �uid leakage.

CONCLUSION

TPCs provide e�ective symptom management for patients 
with recurrent, symptomatic pleural e�usions. �ese cath-
eters are minimally invasive, consistently improve dyspnea, 
and reduce hospitalizations. Although this treatment option 
has been mostly used in malignant disease where it can be 
considered as a �rst-line option, TPCs have been trialed in 
select research institutions for benign conditions as well. 
TPC is a chronic therapy that requires an organized man-
agement program. �e success of TPCs in chronic pleural 
e�usions is dependent on the ability of the health-care team 
to properly select patients, educate supporting caregivers, 
minimize complications, and manage those that may arise. 

Understanding this will allow successful treatment of this 
patient population.
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46
Medical thoracoscopy

PYNG LEE AND PHILIPPE ASTOUL

KEY POINTS

 ● Medical thoracoscopy can be performed under local anesthesia or conscious sedation in an endoscopy suite using 
rigid or �ex-rigid instruments.

 ● Indications for medical thoracoscopy are for the diagnostic evaluation of pleural e�usion as well as staging lung 
cancer.

 ● Medical thoracoscopy provides excellent palliation for patients with symptomatic malignant pleural e�usions by 
complete pleural �uid drainage and talc pleurodesis. �oracoscopic talc poudrage is a good therapeutic option for 
both primary and secondary spontaneous pneumothoraces. It also facilitates �uid drainage in early empyema by 
breaking up loculations, adhesiolysis, and optimal chest tube placement.

 ● Medical thoracoscopy is a safe procedure and the advent of the �ex-rigid pleuroscope fashioned like the broncho-
scope has led to widespread adoption of the procedure.

 ● Medical thoracoscopy expedites the diagnostic work-up of patients with pleural e�usions and where facilities and 
expertise are available, it replaces time-honored biopsy methods.
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Pleuroscopy is a window to the pleural space like eyes are windows to the soul. One never ceases to be amazed what the pleural 
space continues to teach.

Pleuroscopy provides physicians a window to the pleural space 
while enabling biopsy of the parietal pleura under direct visual 
guidance for e�usions of unknown etiology, guided chest tube 
placement, and pleurodesis for recurrent pleural e�usions or 
pneumothoraces in selected patients. Although essentially 

falling into oblivion with the development of antituberculous 
drugs, the procedure enjoyed resurgence when thoracic sur-
geons introduced the technique for minimally invasive surgery, 
also known as video-assisted thoracic surgery (VATS). VATS is 
performed under general anesthesia with single lung ventilation 
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while  medical  thoracoscopy (pleuroscopy) is performed by 
the pulmonologist in an endoscopy suite using nondisposable 
rigid or �ex-rigid instruments, local anesthesia, and conscious 
sedation. Medical thoracoscopy is less invasive; in this chap-
ter the primary focus is medical thoracoscopy and we discuss 
the indications, complications, techniques as well as recent 
advances in the procedure.

INTRODUCTION

Thoracoscopy, medical thoracoscopy, pleuroscopy, and 
VATS  are terms that are used interchangeably to describe 
a minimally invasive procedure that provides physicians a 
window to the pleural space, di�ering only in the approach 
to anaesthesia. VATS refers to a thoracoscopic procedure 
performed in an operating room using single-lung ventila-
tion with double lumen endotracheal intubation, three entry 
ports, and rigid instruments. Stapled lung biopsy, resection 
of pulmonary nodules, lobectomy, pneumonectomy, espha-
gectomy, and pericardial windows are performed with VATS 
in addition to guided parietal pleural biopsy, drainage of 
pleural e�usion or empyema, and pleurodesis (Table 46.1).1,2

Medical thoracoscopy or pleuroscopy refers to thora-
coscopy conducted by a nonsurgeon pulmonologist in an 
endoscopy suite with the patient under local anesthesia 
and conscious sedation. It is an endoscopic procedure that 
examines the pleural cavity, facilitates drainage of pleural 
�uid, and guides parietal pleural biopsy, talc pleurodesis, 
and chest tube placement. Some practitioners in Europe 
perform sympathectomy for essential hyperhidrosis, and 
lung biopsy for di�use lung disease.3

HISTORICAL BACKGROUND

In the historical evolution of thoracoscopy that began with 
Swedish internist Hans Christian Jacobaeus over a century 
ago, two distinct periods are identi�ed; 1910–1955, when 
thoracoscopic lysis of pleural adhesions was performed to 
create a pneumothorax for pulmonary tuberculosis (PTB) 
in the absence of e�ective antituberculous medications, 
and a�er the 1990s, when interest in thoracoscopy and VATS 
resurged due to advances in videotechnology.4 �e last 

decade witnessed the advent of the �ex-rigid pleuroscope 
fashioned like the �exible bronchoscope instrumental for 
the widespread adoption of medical thoracoscopy by allow-
ing pulmonologists to acquire the skill quickly.5

�oracoscopy was �rst documented in a report dated 
1866 when Richard Cruise examined the pleural space of a 
11-year-old girl with empyema through a �stula.4 Much of 
the evolution of thoracoscopy is linked to Hans-Christian 
Jacobaeus (1879–1937) who, in 1910, described exploration 
of the thoracic cavity using a rigid cystoscope measuring 
4.6 mm wide and 22 cm long, attached to an electric lamp 
at the end that allowed 90-degree lateral viewing.6 His �rst 
two patients had exudative pleuritis and the procedure was 
referred to as “thorakoscopie.” Jacobaeus later described 
thoracoscopic lysis of pleural adhesions by galvanocautery 
that collapsed the underlying lung and allowed safe entry 
as well as unobstructed examination of the pleural space, 
also known as Jacobaeus operation (Figure 46.1). He advo-
cated thoracoscopic guided biopsies for pleural e�usions of 
indeterminate etiology, and applied thoracoscopy both as a 
diagnostic and therapeutic tool.7 In 1922, during a presen- 
tation to the American College of Surgeons, Jacobaeus, who 
was a professor of medicine (and not of surgery) stated that 
“in making a di�erential diagnosis between tumors and 
pleurisy of other origin, thoracoscopy is of no small value.”7

EQUIPMENT

RIGID INSTRUMENTS

Historically, rigid endoscopic instruments such as stainless 
steel trocars and telescopes have been pivotal in the tech-
nique.3,5,8 Trocars come in di�erent sizes (5–13 mm diameter) 
and are made of disposable plastic or reusable stainless steel. 
�ese trocars have changed little over time but operators  
have increasingly moved to disposable, plastic, ribbed trocars 
with either plastic or steel inner cannulas. Rigid telescopes 
have di�erent angles of vision. �oracoscopy performed by 
rigid endoscopic equipment requires a cold (xenon) light 
source, an endoscopic camera attached to the eyepiece of 
a telescope, a video monitor, and a recorder (Figure 46.2). 
�e 0-degree telescope is useful for direct viewing while the  

Table 46.1 Video-assisted thoracic surgery versus medical thoracoscopy (pleuroscopy)

Procedure VATS Medical thoracoscopy 
(pleuroscopy)

Where Operating room (OR) Endoscopy suite or OR
Who Surgeons Trained nonsurgeons
Anesthesia General anesthesia

Double lumen intubation
Single lung ventilation

Local anesthesia
Conscious sedation
Spontaneous respiration

Indications Parietal pleural biopsy, pleurodesis, decortication, stapled 
lung biopsy, lung nodule resection, lobectomy, 
pneumonectomy, pericardial window, esophagectomy lung

Parietal pleural biopsy, pleurodesis, 
chest tube placement under 
direct visualization
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oblique (30 degree or 50 degree) and periscope (90 degree) 
telescopes o�er a panoramic view of the pleural cavity. 
Selection of the optimal trocar size and telescope depends on 
operator’s preferences and patient considerations. A large tro-
car that accommodates a larger telescope with better optics 
improves the quality of exploration; however, compression 
of the intercostal nerve during manipulation of the trocar 
can cause greater discomfort, especially if the procedure is 
performed under local anesthesia and conscious sedation. 
We prefer the 7-mm trocar, the direct viewing (0 degree)  
4- or 7-mm telescope, and the 5-mm optical forceps that 
allow pleural biopsies without a second puncture site.

Smaller telescopes and instruments have also been used. 
Tassi and Marchetti reported excellent views of the pleu-
ral space using a 3.3-mm telescope for a group of patients 
with small, loculated pleural e�usions that were inaccessible 
to standard-sized instruments. Two 3.8-mm trocars were 
used: one for the 3.3-mm telescope and the other for 3-mm 
biopsy forceps. �e reported diagnostic yield of 93.4% was 
 comparable  with that achieved using conventional 5-mm 
biopsy forceps.9

FLEX-RIGID PLEUROSCOPE

A single 1-cm skin incision that accommodates a disposable 
�exible trocar should su�ce for the �ex-rigid pleuroscope. 
�e �ex-rigid pleuroscope (model LTF 160 or 240, Olympus, 
Japan) is fashioned like the �exible bronchoscope. It consists 
of a handle and a sha� that measures 7 mm in outer diameter 
and 27 cm in length. �e sha� is made up of a 22-cm  proximal 
rigid portion and 5-cm �exible distal end. �e �exible tip is 
movable by a lever on the handle, which allows two-way angu-
lation (160 degrees up and 130 degrees down). It has a 2.8-mm 
working channel that accommodates biopsy forceps, needles, 
and other accessories, and is compatible with various elec-
trosurgical and laser procedures (Figure 46.3). �e LTF 160 
model also allows autoclaving.10 A notable advantage of the 
�ex-rigid pleuroscope over rigid instruments is its easy inter-
face with existing processors (CV-160, CLV-U40) and light 
sources (CV-240, EVIS-100 or 140, EVIS EXERA-145 or 160). 
�ese are made by the same manufacturer for �exible bron-
choscopy or gastrointestinal (GI) endoscopy and are therefore 
available in most endoscopy units at no additional cost.5,10,11

Figure 46.1 Jacobaeus operation. (Courtesy of Dr. Gianpietro Marchetti, Brescia, Italy.)

Figure 46.2 (a) Rigid trocars, telescopes, and accessories. (b) Medical thoracoscopy with rigid optical instruments.

(a) (b)
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 INDICATIONS AND 
CONTRAINDICATIONS FOR 
PLEUROSCOPY

�e only absolute contraindication for medical thoracoscopy 
is the lack of pleural space due to adhesions although this can 
be overcome by enlarging the skin incision or digitally dis-
secting the lung away from the chest wall. Extended thora-
coscopy requires special skills and should not be undertaken 
without training.12 As thoracoscopy is performed under con-
scious sedation in a spontaneously breathing patient with 
partial or near-total lung collapse, these patients must not 
have respiratory insu�ciency requiring mechanical ventila-
tion, intolerable hypoxemia unrelated to the pleural e�usion, 
hypercapnea, an unstable cardiovascular status, bleeding dia-
thesis, refractory cough, or allergy to the medications used.

PATIENT PREPARATION

A detailed history and physical examination are vital com-
ponents of any preoperative evaluation. �e chest radiograph 
(CXR), decubitus �lms, ultrasonography (US), and computed 
tomography (CT) scan aid in the selection of the appropriate 
entry site. Prior to pleuroscopy, approximately 200–300 mL 
of �uid is typically aspirated from the pleural cavity using a 
needle, angiocatheter, thoracentesis catheter, or Boutin pleu-
ral puncture needle. �is is followed by the induction of a 
pneumothorax by opening the needle to air until stable equi-
librium is achieved. Air causes the lung to collapse away from 
the chest wall thereby creating a space for trocar insertion. 
Conversely, operator may choose to do the procedure directly 
with the aid of US.13 Use of bedside ultrasound has led to a 

reduction in trocar access failures as well as the number of 
pneumothoraces induced.13,14 Bedside US can be useful to 
induce a pneumothorax in patients without an e�usion in 
case of pleural tumor. �e presence of the gliding sign in a 
patient in lateral decubitus rules out pleural adhesions. A�er 
a careful local anesthesia, the pleural needle with a blunt 
mandarin is easily inserted in the pleura.

ANESTHESIA

Benzodiazepines (midazolam) combined with opioids 
(demerol, fentanyl, morphine) usually provide adequate anal-
gesia and sedation.5,11 Meticulous care toward administration 
of local anesthesia to the four layers (epidermis, aponeuro-
sis, intercostal muscles, and parietal pleura at the entry site) 
assures patient comfort during manipulation of the thora-
coscope.15 �ere is a trend in recent years toward increasing 
utilization of propofol to enhance patient comfort, especially 
if talc poudrage is planned; however, this requires monitor-
ing by anesthesiologists in many countries, and a recent study 
reported hypotension in 64% of patients who had propofol 
titrated according to comfort and 9% required corrective mea-
sures.16 We have successfully performed thoracoscopic talc 
poudrage for pneumothoraces and malignant e�usions using 
benzodiazepines and opioids and anesthetizing the pleura 
with 250 mg of 1% lidocaine via a spray catheter prior to talc 
poudrage.17 Preoperative anesthesia should be individualized 
according to the patient’s general condition and preference, 
and the advantages and disadvantages of various methods for 
pain control carefully considered. General anesthesia can also 
be administered in accordance to patient’s preference, par-
ticularly if thoracoscopic sympathectomy, lung biopsy, or talc 
poudrage is planned.

Figure 46.3 (a) Flex-rigid pleuroscope with trocar and accessories. (b) Medical thoracoscopy with the flex-rigid 
pleuroscope.

(a)

LTF 160 Pleuroscope, Autoclavable (Olympus, Japan) 
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TECHNIQUE

�e patient is �rst placed in the lateral decubitus position 
with the a�ected side up (Figure 46.4). �e patient’s vital 
parameters, electrocardiogram (ECG), blood pressure, and 
oxygenation by means of pulse oximetry are monitored. �e 
site of entry depends on the location of e�usion or pneumo-
thorax while avoiding hazardous areas such as the internal 
mammary artery, the axillary region with lateral thoracic 
artery, infraclavicular region with the subclavian artery, and 
the diaphragm. A single port access located between the 
fourth and seventh intercostal spaces of the chest wall and 
along the midaxillary line is preferred for diagnostic pleu-
roscopy, guided pleural biopsy, and talc poudrage. A second 
port might be necessary to facilitate adhesiolysis, drainage 
of complex loculated �uid collections, lung biopsy, or sam-
pling of pathological lesions located around the �rst entry 
site. Similarly, double port access may be necessary to evalu-
ate the pleural space completely when the rigid telescope is 

used, especially if the posterior and mediastinal aspects of the 
hemithorax are inaccessible due to partial collapse of lung, or 
when the lung parenchyma is adherent to the chest wall.3,8 
With the �ex-rigid pleuroscope, a single port is required 
since its nimble tip allows easy maneuverability within a lim-
ited pleural space and around adhesions.5,11 A chest tube is 
inserted at the end of diagnostic thoracoscopy, and the air 
is aspirated. �e tube is removed as soon as the lung has re-
expanded, and the patient may be discharged a�er a brief 
observation in a recovery area. If talc pleurodesis or lung 
biopsy is performed, the patient is hospitalized for a period of 
monitoring and chest tube drainage.18

 THORACOSCOPIC GUIDED BIOPSY OF 
PARIETAL PLEURA

Biopsy of the parietal pleura should be performed over a 
rib to avoid the neurovascular bundle. �is can be achieved 
with the rigid optical or �exible forceps (Figure 46.5). �e 
forceps is �rst used to probe the rib and to feel the hard 

Figure 46.4 (a) Patient in lateral decubitus position with the affected side up. (b) Thoracic ultrasound showing pleural 
effusion to guide site of entry.

A�ected side up

Rolled sheet 
(a)

Pleural e�usion

Diaphragm 

Lung

(b)

Figure 46.5 Biopsy of parietal pleura with (a) flexible forceps and (b) rigid forceps.

(a) (b)
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undersurface, followed by grasping of the overlying  parietal 
pleura and removing of the pleura with a long tearing rather 
than a “grab and pull” motion. Specimens that are obtained 
with the rigid forceps are signi�cantly larger than those with 
Abram's or Cope needle. Biopsies with the �ex-rigid pleuro-
scope are smaller as the size of the �exible forceps is limited 
by the diameter of the working channel. �e �exible forceps 
also lack mechanical strength in obtaining pleural speci-
mens of su�cient depth, a major factor that a�ects yield in 
patients with �brotic, thickened pleura. �is technical hitch 
can be overcome by taking multiple biopsies (range: 5–10) of 
the abnormal areas as well as several “bites” of the same area 
to obtain tissue of su�cient depth.

 ELECTROSURGICAL BIOPSY OF PARIETAL 
PLEURA

Electrocautery has been incorporated with the �exible for-
ceps biopsy to enhance its yield. Full thickness parietal 
pleural biopsies can be achieved using the insulated tip (IT) 
diathermic knife during �ex-rigid pleuroscopy. In one study, 
the reported diagnostic yields were 85% with IT knife, com-
pared with 60% with �exible forceps. �e IT knife was nota-
bly useful when smooth, thickened lesions were encountered, 
of which nearly half were malignant mesothelioma.19

 THORACOSCOPIC TALC POUDRAGE

Chemical pleurodesis plays an integral role in the manage-
ment of malignant e�usions, as most recur unless the pri-
mary tumor is chemosensitive. Similarly, one of the primary 
goals in secondary spontaneous pneumothorax (SP) man-
agement is recurrence prevention.

Chemical pleurodesis can be performed via instillation 
of sclerosants through intercostal tubes or small-bore cath-
eters, or via talc poudrage during thoracoscopy. Chemical 
pleurodesis via chest drain using various agents succeeds in 
approximately 60% of patients with the remainder requir-
ing further invervention.20 �oracoscopic talc poudrage 
can be performed following �uid aspiration and pleural 
biopsy and pooled data from 19 studies suggest that the e�-
cacy of thoracoscopic talc poudrage at 1 month in patients 
with malignant pleural e�usions based on radiology is 84% 
and 85% for both benign and malignant causes of e�usion.21 
Various delivery devices are available such as a talc spray 
atomizer, a bulb syringe, or a spray catheter introduced 
through the working channel of the �ex-rigid pleuroscope 
(Figure 46.6).3,17

COMPLICATIONS

Mortality from medical thoracoscopy using rigid instru-
ments ranges between 0.09% and 0.34%, which is comparable 
with that associated with bronchoscopic transbronchial lung 
biopsy.18,21–24 Talc poudrage is associated with 0.69% mortal-
ity and a major contribution (9 deaths out of 16) was from 

a large randomized study conducted in the United States 
using nongraded talc.21,24 Major complications (prolonged 
air leak, hemorrhage, empyema, pneumonia, and port site 
tumor growth) occurred in 1.8% while minor complications 
(subcutaneous emphysema, wound infection, fever, hypoten-
sion, and cardiac arrhythmias during procedure) occurred 
in 7.3%.21,25 �e most serious complication of pneumothorax 
induction is air embolism, which occurs in <0.1%.22 During 
medical thoracoscopy, liters of �uid can be removed with lit-
tle risk of re-expansion pulmonary edema due to immediate 
equilibration of pressures provided by entry of air through 
the cannula into the pleural space. Fever may occur a�er talc 
poudrage, which usually resolves within 48 hours, while a 
bronchopleural �stula may develop following thoracoscopic 
lung biopsy, requiring chest drain and suction for longer than 
3–5 days, especially if biopsy is performed for interstitial lung 
disease. Wound infection, pneumonia, and empyema can 
develop from long-term drainage. In cases of malignant 
mesothelioma, some authors have recommended prophylac-
tic radiotherapy within 2 weeks of thoracoscopy procedure 
to prevent tumor growth at incision sites.26,27 However, in a 
recent randomized trial, 31 patients with malignant mesothe-
lioma received drain site radiotherapy 21 Gy in three frac-
tions compared with 30 patients undergoing best supportive 
care. Tract metastases occurred in both groups and the 
authors concluded that prophylactic drain site radiotherapy 
did not reduce the risk of tumor seeding even though these 
patients did not undergo thoracoscopy.28

Complications with the �ex-rigid pleuroscope are rare. 
In fact, it has been shown to be very safe when performed by 
trained pulmonologists. We previously reported our safety 
and outcome results in 51 patients with indeterminate pleural 
e�usions who underwent �ex-rigid pleuroscopy. No morbidity 
or mortality was observed.18 In a recent meta-analysis of 755 
patients with indeterminate pleural e�usions, no mortality 
was reported.29 However, studies of complication rates involve 
procedures performed by specialists and may not re�ect 

Figure 46.6 Thoracoscopic talc poudrage.
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circumstances with less experienced physicians. �e need for 
adequate and satisfactory training cannot be  overemphasized 
(Table 46.2).

�e principal danger in performing pleural biopsies is 
hemorrhage from the inadvertent biopsy of an intercostal 
vessel. Immediate external application of �nger pressure at 
the site of bleeding in the intercostal space is the �rst inter-
vention while another incision is made to provide additional 
access to the pleural cavity. �e physician can use two sepa-
rate entry sites to examine the bleeding area while cauterizing 
the tissues. Direct pressure can also be applied from the inside 
using a gauze peanut mounted on a forceps, and re-expansion 
of the lung by connecting a chest tube to underwater seal aids 
in providing tamponade to the bleeding site. Very rarely if 
bleeding does not abate with the above measures, intercostal 
artery embolization is an option or the thoracic surgeon may 
ligate bleeding vessels with endoclips, enlarge the incision to 
facilitate repair, or even consider thoracotomy. In our experi-
ence of over 800 procedures, surgical intervention was never 
required to arrest bleeding caused by medical thoracoscopy. 
Table 46.3 describes the type of patient suitable for rigid or 
�ex-rigid pleuroscopy.

 CLINICAL APPLICATIONS FOR 
PLEUROSCOPY

 PLEURAL EFFUSION OF UNKNOWN 
ETIOLOGY

�e �rst step toward investigating pleural e�usion is 
 thoracentesis. More than half of exudative e�usions are 
due to malignancy,30 and although pleural �uid cytology is 
the simplest de�nitive method, its diagnostic yield depends 
on the extent of disease and nature of the primary malig-
nancy.31 Cytologic examination of the pleural �uid may be 
positive in 62% of patients with metastatic disease31 and less 
than 20% for mesothelioma.32 Repeated large volume thora-
centesis increases the yield by 27% with a second aspiration, 
and a further 5% with a third.33 �e addition of closed pleu-
ral biopsy merely improves the yield by 10%, and is of little 
value for tumors con�ned to the diaphragmatic, visceral, or 
mediastinal pleura.34

In these e�usions of unclear etiology additional radio-
graphy may be bene�cial. Contrast enhanced CT is better 
than standard CT for the evaluation of the pleura, and fea-
tures such as nodularity, irregularity, and pleural thickness 
greater than 1 cm are highly suggestive of malignancy.35,36 
Imaging of the pleura can be performed at the patient’s 
bedside using US. Ultrasound is increasingly utilized to 
guide pleural procedures, particularly in the selection of 
appropriate sites for thoracentesis, tube thoracostomy, and 
thoracoscopy.13,14 Pleural thickening >10 mm, pleural nodu-
larity, and diaphragmatic thickening >7 mm are diagnostic 
of malignancy with 73% sensitivity and 100% speci�city.37 
An “echogenic swirling pattern," characterized by numer-
ous free-�oating echogenic particles swirling in the pleural 
cavity during respiratory movement or heartbeat, is another 
sign indicative of malignant pleural e�usion.38 Although 

Table 46.2 Complications of pleuroscopy

• Prolonged air leak
• Hemorrhage
• Air embolism
• Empyema
• Pneumonia
• Seeding of chest wall from mesothelioma
• Subcutaneous emphysema
• Postoperative fever
• Wound infection
• Cardiac arrhythmias
• Hypotension

Table 46.3 Indications for rigid or semirigid pleuroscopy

Clinical scenario Type of procedure

Diagnostic thoracoscopy for indeterminate, uncomplicated 
pleural effusion where suspicion of mesothelioma is not 
high

Flex-rigid pleuroscopy or use of rigid telescopes under local 
anesthesiaa

Trapped lung with radiographically thickened pleura Rigid optical biopsy forcepsa or flex-rigid pleuroscoopy with 
flexible forceps performing multiple bites over the same 
area to obtain specimens of sufficient depth or use of 
flexible forceps and IT knife

Mesothelioma is suspected Rigid optical biopsy forcepsa or flex-rigid pleuroscopy with 
IT knife

Pleuro-pulmonary adhesions Fibrous: rigid optical biopsy forcepsa or flex-rigid 
pleuroscopy with electrocautery accessories

Thin, fibrinous: flex-rigid pleuroscopy with flexible forceps
Empyema, split pleural sign, loculated pleural effusion Rigid instruments (VATS)a or conversion to thoracotomy for 

decortication
Pneumothorax with bulla or blebs Rigid instruments (VATS)a for staple bullectomy

a  Procedure preferred.
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these CT and US features may suggest pleural metastasis, 
histology is still the gold standard, and where pleuroscopy 
is not readily available, image-guided pleural biopsy is an 
alternative. In one study, CT-guided needle biopsy achieved 
an 87% yield compared with 47% using the Abram’s needle 
when the parietal pleura measured >5 mm.39 Ultrasound-
guided biopsy of pleural lesions measuring >20 mm with 
a 14-gauge cutting needle demonstrated comparable yield 
to CT-guided biopsy (85.5%) even for malignant mesothe-
lioma but with a 4% rate of pneumothorax.40 Image-guided 
biopsy of the pleura is limited by the number of specimens 
that can be obtained at any one time in contrast to medical 
thoracoscopy as long as hemostasis and patient comfort are 
maintained.

Despite repeated thoracentesis and image guided needle 
biopsy, 20% of pleural e�usions remain undiagnosed.41 �e 
primary advantage of medical thoracoscopy is to enhance 
our diagnostic capabilities when other minimally-invasive 
tests fail.42 If a neoplasm is strongly suspected, the diag-
nostic sensitivity of thoracoscopic exploration and biopsy 
approaches 90%–100%.10,18,22,26 Pooling results from 22 case 
series medical thoracoscopy has 92.6% diagnostic sensi-
tivity, and from 8 studies in which a prior “blind” pleural 
biopsy was negative thoracoscopy had similar high sensi-
tivity of 90.1%.22 �e high diagnostic accuracy of 92% was 
reproduced with �ex-rigid pleuroscopy.29

Certain endoscopic characteristics, such as nodules, 
 polypoid masses, and “candle wax drops,” are highly sug-
gestive of malignancy (Figure 46.7); however, early stage 
mesothelioma can resemble pleural in�ammation,24,27,41 and 
additional image modalities may supplement pleuroscopic 
evaluation. Auto�uorescence has been added to white-light 
thoracoscopy for the evaluation of 24 patients with exuda-
tive pleural e�usions. A color change from white/pink to red 
was demonstrated in all cases of malignant pleuritis and in 
two cases of chronic pleuritis, giving 100% sensitivity and 75% 
speci�city. �e authors found little value of auto�uorescence 
thoracoscopy in clinical practice since most patients with 
malignant pleural e�usions had extensive pleural involvement 
which was easy to diagnose with white-light thoracoscopy, 
and postulated that it might be useful for early pleural malig-
nancies.43 No di�erence in diagnostic accuracy was reported 
using narrow band imaging (NBI) incorporated into the �ex-
rigid videopleuroscope (prototype Olympus XLTF 160) that 
enhances vascular architecture of tissues (Figure 46.8).44 Baas 
et al. investigated further if prior per oral administration of 
5-aminolaevulinic acid (ALA) before VATS could lead to 
improved detection and staging of thoracic malignancy. �e 
pleural cavity was examined with white light followed by �uo-
rescence thoracoscopy (D light Auto�uorescence System, Karl 
Storz Germany). Although �uorescence mode was not supe-
rior over white light it led to upstaging in 4 of 15 patients with 

Figure 46.7 Endoscopic views of (a) polypoid masses and (b) candle wax nodules.

(a) (b)

Figure 46.8 (a) White light versus (b) narrow band imaging of pleural metastasis due to breast cancer. (From Ishida A 
et al., Respiration, 2009;78:432–9.)

(b)(a)
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mesothelioma due to better visualization of visceral pleural 
lesions otherwise undetectable by white light. Fluorescence 
thoracoscopy using 5-ALA was feasible with minimal side 
e�ects, and might have potential applications in the diagnosis 
and staging of mesothelioma.45

Enhanced imaging techniques may also play a role in the 
evaluation of patients with inconclusive thoracoscopy or 
nonspeci�c pleuritis on histology. In a retrospective study 
of 709 patients with pleural e�usions, 29% remained incon-
clusive a�er white-light thoracoscopy and during follow-
up, malignancy was found in 4.3% with true benign disease 
accounting for 24.7%. For those with nonspeci�c pleuritis 
8%–15% were found to harbor malignancy,46,47 which led 
the authors to conclude that nonspeci�c pleuritis did not 
imply idiopathic pleuritis and close review was necessary 
especially in those with asbestos exposure.

LUNG CANCER

Cancer related pleural e�usions occur as a result of direct 
tumor invasion, tumor emboli to the visceral pleura with sec-
ondary seeding of the parietal pleura, hematogenous spread, 
or via lymphatic involvement. Elastin staining and careful 
examination for invasion beyond the elastic layer of the vis-
ceral pleura should be carried out for lung cancer resections, 
as visceral pleural invasion is regarded as an important stage-
de�ning feature in the absence of nodal involvement.

Metastatic spread of lung cancer to the pleura adversely 
a�ects survival, and in the recent tumor node metastasis 
(TNM) staging of lung cancer, presence of parietal pleural 
metastasis is de�ned as M1a (from T4), representing a cor-
responding change from stage IIIB to stage IV.48 It is rare 
to �nd resectable lung cancer in the setting of an exuda-
tive pleural e�usion, despite negative cytologic examina-
tion; thus, pleuroscopy can establish operative eligibility 
by determining if the pleural e�usion is paramalignant or 
due to metastases.20,30,34 If pleural metastases are found, and 
therefore con�rming inoperable disease, talc poudrage can 
be performed at the same setting.18,21

MALIGNANT MESOTHELIOMA

�e average survival of a patient diagnosed with malignant 
mesothelioma is 6–18 months.49 Malignant mesothelioma is 
atop the di�erential diagnosis in a patient with a history of 
asbestos exposure and characteristic radiographic �ndings 
of a pleural e�usion without contralateral mediastinal shi�. 
Diagnosis by pleural �uid cytology and closed needle biopsy 
is o�en di�cult, which has prompted some physicians to 
advocate open biopsy by mini or lateral thoracotomy to 
obtain specimens of su�cient size and quantity for immu-
nohistochemical stains and electron microscopy.50 Pleural 
�uid mesothelin (>2 nmol/L) and megakaryocyte potentiat-
ing factor (MPF, >12.4 ng/mL), which originate from a com-
mon precursor protein, have shown 65% sensitivity and 95% 
speci�city for pleural mesothelioma in a large study consist-
ing of 507 patients.51

Medical thoracoscopy is favored over thoracotomy as 
the pleural specimens obtained with 5- or 7-mm rigid for-
ceps are comparable with open biopsies.52 Adequacy of the 
tissue obtained with the �exible forceps is a valid concern, 
and as such, we recommend the rigid 5-mm optical forceps 
or IT knife for biopsy in cases where mesothelioma is sus-
pected.19,53 Mesothelioma is notorious for seeding biopsy 
and chest tube sites, pleuroscopy, and chest tube incisions 
should be chosen to allow for excision if subsequent surgi-
cal resection is performed as well as for prophylactic irra-
diation.54,55 A palliative approach that focuses on aggressive 
palliation of dyspnea by removing pleural �uid or perform-
ing talc poudrage improved pain control, and prophylac-
tic irradiation of thoracoscopy incision sites has conferred 
good symptom control.56

TUBERCULOUS PLEURAL EFFUSION

�e diagnostic yield from closed needle biopsy in tubercu-
lous (TB) pleural e�usions is variable (28%–88%).57 In a pro-
spective study of 100 TB e�usions in Germany, an immediate 
histological diagnosis was established by medical thoracos-
copy in 94% compared with 38% by closed needle biopsy. 
Combined yield of histology and bacteriological culture was 
99% with medical thoracoscopy and 51% with closed needle 
biopsy. Positive TB cultures of thoracoscopic biopsies includ-
ing �brinous membranes were twice as high as those of pleu-
ral �uid and closed needle biopsies (78% vs. 39%).58 In another 
study of TB endemic countries, thoracoscopic-guided pleu-
ral biopsies achieved similar superior yield over closed 
needle biopsies with the Abram’s needle (100% vs. 79%).59  
Medical thoracoscopy has a role in TB pleuritis where large 
quantities of pleural tissue is required for culture in suspected 
drug-resistant cases, and for adhesiolysis to promote drain-
age of �uid loculations (Figure 46.9).59,60

 EMPYEMA AND COMPLICATED 
PARAPNEUMONIC EFFUSIONS

For pulmonologists intent on performing pleuroscopy for 
management of empyema, the procedure should be con-
ducted early in the course of disease.61,62 Lysis of thin �bri-
nopurulent adhesions and guided chest tube placement 
during pleuroscopy may facilitate �uid drainage and hasten 
clinical resolution. However, when the “split pleural sign” 
is observed on CT, it suggests the presence of a thick pleural 
peel, trapped lung, or complicated multiloculated pleural 
space and surgery may be required.63

PNEUMOTHORAX

In SP, thoracoscopy can reveal blebs and bullae (Figure 
46.10). �ese can be coagulated and SP recurrence prevented 
by pleural abrasion or talc pleurodesis.64 Detection of blebs 
and bullae is higher with VATS or thoracotomy than medical 
thoracoscopy but investigators have not demonstrated bet-
ter outcome following speci�c treatment of bullae associated 
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with primary or secondary SP.65–68 The British and American 
guidelines recommend VATS and general anesthesia for bul-
lectomy, pleurectomy, and pleurodesis (mechanical abrasion 
or talc poudrage) at the second ipsilateral or first contralat-
eral PSP.69,70 However, some centers adopt a more aggressive 
approach by offering medical thoracoscopic talc poudrage for 
first PSP. Tschopp and coworkers randomized 108 patients 
with first PSP to thoracoscopic talc poudrage under conscious 
sedation or chest drain with talc slurry. A reduced recur-
rence rate in favor of thoracoscopic talc poudrage (5% vs. 
34%)  was observed that was comparable with VATS bullec-
tomy and pleurodesis.71 This finding may be of relevance to 

patients with secondary SP from advanced emphysema who 
are at high risk for general anesthesia, VATS, and thoracot-
omy but require intervention for recurrence prevention. In 
these patients, thoracoscopic talc poudrage performed under 
local anesthesia and conscious sedation has been shown to be 
an effective therapeutic option.72

THORACOSCOPIC LUNG BIOPSY

Forceps lung biopsies have been used by pulmonologists in 
the evaluation of patients with diffuse lung disease, espe-
cially if the diagnoses are not achieved by bronchoscopic 

Figure 46.10 (a) Bleb at apex of lung. (Courtesy of Christihan Boutin, Marseille, France.) (b) Bullous emphysema.

(a) (b)

Figure 46.9 (a) Sago-like nodules of tuberculous effusion. (b) Fluid loculation and thickened parietal pleura of 
tuberculous effusion.

(a) (b)
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bronchoalveolar lavage and transbronchial lung biopsy.73 
Its application has decreased over time due to improvement 
in imaging techniques, such as high resolution CT, and the 
increasing use of VATS for wedge lung biopsy.74

 THORACOSCOPIC SYMPATHECTOMY

�oracoscopic sympathectomy for essential hyperhidrosis 
is typically performed by surgeons using the three entry 
port technique, general anesthesia, single lung, and double 
lumen ventilation, while the thoracic sympathetic chain is 
interrupted at level T3. �ere has been a trend toward sim-
pli�ed, bilateral approach using clipping or diathermy cau-
terization, single lumen intubation, and smaller diameter 
trocars. �is procedure can be safely performed by trained 
interventional pulmonologists.75

CONCLUSION

Medical thoracoscopy is e�ective in the evaluation of pleu-
ral and pulmonary diseases when routine �uid analysis and 
cytology fail. In many institutions where facilities for the 
procedure are available, it replaces second-attempt thora-
centesis and closed needle biopsy for patients with exuda-
tive e�usions of unclear etiology. Medical thoracoscopy 
also o�ers the nonsurgeon the ability to intervene thera-
peutically: to break down loculations in early empyemas 
and complicated parapneumonic e�usions, and to perform 
pleurodesis for recurrent malignant e�usions and pneumo-
thoraces. Although medical thoracoscopy is safe, it is still 
an invasive procedure, and skill training is required.76,77 
�e �ex-rigid pleuroscope is a signi�cant invention in the 
era of minimally invasive pleural procedures and is likely 
to replace traditional biopsy methods in the future.78 �e 
future will continue to de�ne the “when and how” to use 
�ex-rigid and rigid instruments when evaluating a variety 
of pleural diseases (Table 46.3).
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Surgery for pleural diseases

LAWRENCE OKIROR AND LOIC LANG-LAZDUNSKI

INTRODUCTION

Advances in surgery of the pleural cavity have been 
facilitated by the application of video-assisted thoracic 
surgery (VATS) over the past 20 years. Although diagnostic 

procedures are widely applicable, therapeutic VATS requires 
speci�c training. Complex VATS procedures are performed 
only by specialist surgeons, and this specialization extends 
to some open pleural surgery that is carried out in only a 
limited number of centers. �is chapter will address the 

KEY POINTS

 ● Early surgical intervention is indicated in both spontaneous pneumothorax and multiloculated pleural empyema 
to maximize the bene�ts of minimally invasive surgery.

 ● Intrapleural �brinolytic treatment should not delay surgical intervention in pleural empyema.
 ● VATS has many advantages over thoracotomy in the management of pleural diseases but is subject to a learning 

curve and requires speci�c training.
 ● �e bene�t of radical surgery in mesothelioma remains to be proven. �e best radical surgical approach remains to 

be de�ned in malignant pleural mesothelioma.
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whole spectrum of pleural surgery from procedures within 
the realm of general surgeons to those practiced in only a 
handful of centers, worldwide.

SPONTANEOUS PNEUMOTHORAX

 INDICATIONS FOR SURGICAL 
INTERVENTION

 Primary spontaneous pneumothorax

�e American College of Chest Physicians (ACCP) recom-
mended surgical assessment a�er the second episode of pri-
mary spontaneous pneumothorax (PSP) or a �rst episode 
with an air leak in excess of 4 days.1 Delay in referral for 
surgery reduces the success of VATS due to the develop-
ment of patchy pleural adhesions from pleural in�amma-
tion secondary to prolonged chest drainage.2 Intervention 
in �rst-time PSP has not been validated but has been pro-
moted in the presence of macroscopic blebs, larger than 
5 mm on computed tomography (CT) scanning.3 However, 
it has been demonstrated that even macroscopic blebs con-
�rmed at thoracoscopy in �rst-time PSP were not predictive 
of recurrence.4 Although there is some evidence that VATS 
is cost-e�ective when compared with intercostal drainage 
in �rst-time PSP,5,6 intervention in this context is currently 
recommended only for special occupational or recreational 
needs, e.g, �ying or deep-sea diving.

 Secondary spontaneous pneumothorax

Secondary spontaneous pneumothorax (SSP) is indicative of 
an air leak originating in a diseased lung. In the previously 
mentioned ACCP consensus statement, 81% of the panel 
recommended an intervention to prevent recurrence a�er 
the �rst episode because of the potentially serious complica-
tions of a secondary pneumothorax.1 Selection criteria for 
surgery in this group of patients include absence of hyper-
capnia, maintained exercise tolerance (walk test >150 m),  
and absence of signi�cant cardiovascular comorbidity. 
Pulmonary function tests performed during the episode 
of SSP are likely to be inaccurate and do not contribute to 
patient selection for surgery. For patients with persistent 
air leaks, continued observation for no more than 5 days is 
recommended.

SURGICAL METHOD

Prevention of persistent air leak or future recurrence 
requires initial identi�cation of the source of the air leak, 
i.e., macroscopic blebs or bullae. Complete intrathoracic 
inspection requires division of all pleural adhesions since 
these o�en conceal the culprit lesion. �e source of air leak 
is then  controlled by stapling, or suturing. Obliteration of 

pleural space is then required to prevent recurrence in the 
likelihood of a new source of air leak or if a current air leak 
has not been identi�ed. �ese procedures are either per-
formed by VATS or by open thoracotomy. VATS is enabled 
by the insertion of a 5- to 10-mm videothoracoscope via 
a 1- to 2-cm incision in the lateral sixth intercostal space. 
Bleb excision and parietal pleurectomy or abrasion are then 
accomplished via two more similar incisions placed ante-
riorly and inferiorly in the fourth and seventh intercostal 
space. Instruments may be introduced via rigid or �ex-
ible ports. Bleb excision or bullectomy is generally carried 
out with an endoscopic linear cutter (Figure 47.1). When 
excising the emphysematous bulla, the staple lines may be 
reinforced with material such as bovine pericardium, poly-
glycolic acid, or polytetra�uoroethylene (PTFE) to reduce 
postoperative air leak. A single 24 or 28 F drain is le� in 
situ via one port and usually connected to underwater seal 
drainage and suction.

Open surgery is usually performed via muscle-sparing 
thoracotomy. A lateral or axillary thoracotomy via the 
fourth intercostal space preserving the �bers of latissi-
mus dorsi and with minimal rib retraction is the approach 
of choice.7 For any of these approaches, the importance 
of double-lumen intubation and single-lung ventilation 
cannot be overemphasized. Spontaneous pneumothorax 
is a disease of the lung and not of the pleura, therefore, 
optimal access to the lung is imperative to allow accurate 
identi�cation of the source of air leak and therapeutic 
intervention.

Although VATS has potential bene�ts over thoracot-
omy in the elderly, it is more technically demanding in 
these patients than in PSP since there are more bullae and 
sites of potential air leak to be identi�ed.8 Hence, longer 
operating and signi�cantly more primary treatment fail-
ures requiring conversion to thoracotomy result in longer 
postoperative recovery. Nevertheless, VATS enables SSP 

Figure 47.1 Stapled bleb excision by video-assisted 
thoracoscopic surgery in primary spontaneous 
pneumothorax.
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to be treated surgically in patients who would not readily 
 tolerate thoracotomy owing to poor respiratory function 
or age.9 With increasing experience of the limitations of 
VATS, the proportion of operations for SSP has fallen.10 A 
conservative alternative therapy may be considered in the 
high-risk candidates. �e use of ambulatory indwelling 
chest drainage with a Heimlich valve system11 has enabled 
early mobilization and hospital discharge in this group. 
Patients with severe heterogeneous emphysema who do 
proceed to surgery can be considered for a form of lung 
volume reduction surgery (LVRS).12 Preoperative investi-
gations may therefore include CT and radionuclide perfu-
sion scintigraphy.

IS BLEB RESECTION NECESSARY?

Failure to identify or ablate a macroscopic bleb at VATS has 
been found to be an independent predictor of recurrence.13 
Recurrence rates of 23% were reported compared with 1.8% 
when a bleb was ablated. Routine blind resection of the apex 
of the upper lobe together with a procedure to obtain pleu-
ral symphysis has therefore been advocated. Bleb ligation 
using a pre-tied Roeder slip knot introduced by an external 
applicator was associated with a treatment failure rate of 
nearly 20% and is therefore no longer recommended.14

 WHICH TYPE OF PLEURAL PROCEDURE?

Although there has been a report of successful pneumotho-
rax prevention by apical bullectomy without pleurodesis,15 
it is accepted practice that a procedure to promote pleu-
ral adhesions is the norm.1 Mechanical pleurodesis can be 
accomplished by parietal pleurectomy or pleural abrasion. In 
PSP, when an apical source of air leak is the norm, an apical 
parietal pleurectomy is preferred. �is theoretically allows 
the possibility of future thoracotomy for other indications. 
Pleural abrasion16 is technically easier to perform than pleu-
rectomy (Figure 47.2) and preserves the extrapleural plane 

and is therefore favored by some surgeons. In a review of these 
two alternatives, there was a slightly lower recurrence rate 
a�er pleurectomy than abrasion: 0.4% (n = 752) versus 2.3% 
(n = 301).17

Rena et al.18 reported no di�erences in late recurrence 
in a series of 208 consecutive patients with PSP undergo-
ing apical pleurectomy or pleural abrasion. However, post-
operative hemothorax was more common following apical 
pleurectomy (7.4% vs. 0.9%).

In SSP, parietal pleurectomy may be avoided in favor of 
talc insu�ation, which may shorten the duration of anes-
thesia, be less painful, and for which there are fewer poten-
tial long-term problems in this age group.

Talc is the chemical sclerosant of choice with a lower 
recurrence rate than tetracycline in a comparative trial of 
96  patients: 8% versus 13%.4 In larger reviews, the recur-
rence rate for talc pleurodesis alone was 10%–15% and 
therefore mechanical methods should be preferred. �e 
choice of pleural procedure in combination with bleb exci-
sion is less clear. Cardillo et al.19 reported that the addition 
of talc poudrage rather than subtotal pleurectomy to stapled 
excision of the bleb by VATS carried a signi�cantly lower 
recurrence rate. �eir long-term experience of more than 
800 cases reported no adult respiratory distress and an 
overall recurrence rate of only 1.73%.20

Fibrin glue has also been used by insu�ation to obtain 
pleurodesis but has been associated with high recurrence of 
up to 25%.21

 WHICH SURGICAL APPROACH? VATS 
VERSUS THORACOTOMY

VATS has been shown to be a less traumatic approach than 
thoracotomy, as shown by the reduced release of in�amma-
tory and vasoactive mediators a�er VATS. �is may explain 
why VATS is better tolerated.22

In one of the few prospective randomized comparisons 
of the use of VATS versus open surgery, Waller et al. found 
that stapled bullectomy and apical parietal pleurectomy 
could be performed equally reliably for PSP.9 Operating 
time was no longer for VATS but the postoperative anal-
gesic requirement and hospital stay were reduced. VATS 
also resulted in less early postoperative respiratory 
dysfunction.

�ere has been no similar prospective randomized 
comparison of VATS and limited axillary thoracotomy 
(LAT). Although Dumont et al.23 showed shorter stay, less 
pain, and similar recurrence than LAT in a retrospective 
review of only 79 patients, Miller et al.24 found no ben-
e�ts from VATS. Similar �ndings have been described 
by other authors25,26 who showed perioperative bene�ts 
from VATS but higher recurrence related to resection of 
fewer bullae than LAT. �ese �ndings may be explained 
by unfamiliarity with the newer technique of VATS. 
Indeed, the early comparisons of VATS with traditional 
methods may not have appreciated the technical dif-
�culties in learning a new technique. It has been shown 

Figure 47.2 Video-assisted thoracoscopic surgery in 
 parietal pleurectomy.
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that VATS results improve with surgical experience with 
fewer  complications27 and a decrease in operating time 
and hospital stay;10 in the largest reported series of VATS, 
the fact that the recurrence rates are slightly higher than 
the accepted rates for open surgery (Table 47.1) may be 
explained by this. In a systematic review of four trials of 
VATS versus thoracotomy in over 200 patients, Sedryakan 
et al.28 found that VATS resulted in a reduced need for 
analgesia and length of stay. More recently, Lim29 et al. 
found that VATS was associated with a four fold increase 
in recurrence of pneumothorax when a similar pleurode-
sis method was used compared to an open approach.

Single-stage bilateral procedures are feasible in selected 
patients with bilateral pneumothorax or unilateral PSP 
but special occupational needs.30 Multiple approaches have 
been described such as median sternotomy, bilateral ante-
rior thoracotomy, bilateral axillary thoracotomy, and bilat-
eral VATS.

MEDICAL THORACOSCOPY

Some have proposed to use medical thoracoscopy in the 
treatment of spontaneous pneumothorax with simple talc 
insu�ation being the usual method used in preference to 

tube drainage alone.31 Although early recurrence is reported 
to be low, recurrence is higher than following surgery when 
macroscopic bullae are present.32 In the event of recurrence 
a�er initial medical thoracoscopic talc insu�ations, subse-
quent VATS is precluded by patchy adhesions, thoracotomy 
is required, and the bene�ts of VATS are lost. �erefore, 
most surgeons believe that PSP should not be treated by 
medical thoracoscopy.33

SPECIAL CONSIDERATIONS

Cystic fibrosis

Although secondary spontaneous pneumothorax usually 
complicates emphysema, it may occur in other lung diseases. 
Cystic �brosis may lead to pneumothorax late in the disease 
and is a marker of poor prognosis.34 As lung transplantation 
is a future possibility in these cases, surgical treatment may 
need to be modi�ed. Pleurectomy may prejudice selection 
for transplant due to potential technical di�culties in 
explanting the recipient lung.35 Chemical pleurodesis, 
however, is acceptable as the extrapleural plane is preserved 
to allow future surgery.

Table 47.1 Results of video-assisted thoracoscopic surgery for spontaneous pneumothorax

Author Study Number Deaths Conversion 
to 

thoracotomy

Persistent 
air leak

Drain 
time 

(days)

Hospital 
stay 

(days)

Median 
follow-up

Recurrence

Liu et al.160 Multicenter 757 0 – 31 (4%) – 4.5 30 months 16 (2.1%)
Cardillo 

et al.19

Retro-
spective

432 0 10 (2.3%) 6 (1.3%) 5.4 6.1 38 months 19 (4.4%)

Hurtgen 
et al.161

Multicenter 1365 2 – 39 (2.9%) – – – 88 (6.5%)

Ohno 
et al.162

Retro-
spective

424 0 – 26 (6.1%) – – 31 months 40 (9.4%)

Yim163 Retro-
spective

224 0 – 10 (4.4%) – 3 20 months 4 (1.8%)

Waller10 Pro spective 180 2 0 – – 4 24 months 12 (6.6%)
Bertrand 

et al.164

Retro-
spective

163 0 0 6 (3.6%) 4.4 4.4 24 months 3 (1.8%)

Freixinet 
et al.165

Multicenter 132 0 2 8 (6%) – 5.6 1–3 years 8 (6%)

Naunheim 
et al.13

Multicenter 121 0 0 10 (8%) – 4.3 13 months 5 (4.1%)

Chan 
et al.166

Retro-
spective

109 0 3 – – – 44 months 5 (5.7%)

Hatz 
et al.167

Retro-
spective

109 0 0 3 (3.1%) – 4 53 months 5 (4.6%)

Lang-
Lazdunski 
168

Retro-
spective

182 0 1 14.8% 5.8 7.7 84 months 5 (3%)
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Catamenial pneumothorax

�is condition de�nes a cyclical pneumothorax that occurs 
in young females in relation to the menstrual cycle. Several 
causative theories have been forwarded including alveo-
lar rupture secondary to the e�ects of raised prostaglandin 
F2 levels and ectopic foci of endometriosis in the lung.36 �e 
�nding of diaphragmatic fenestrations supports a theory 
of the passage of free air from the peritoneal cavity due to 
absence of the normal cervical mucous plug during ovula-
tion37 and mandates surgical exploration. In a review of 
154 operated cases in the published literature, endometrio-
sis was found in 52% and diaphragmatic lesions in 39%.38 
Hormonal treatment (luteinizing hormone-releasing hor-
mone analogue) alone, intended to treat pleural endome-
triosis as a cause, is not adequate since it will be appropriate 
in only 20% of cases where this condition coexists.33 VATS 
should be used to exclude and treat an anatomical cause 
either by stapling of an apical bleb or a diaphragmatic fen-
estration (Figure 47.3) before hormonal treatment is com-
menced. An additional procedure to achieve pleurodesis 
at the level of the diaphragm is also advisable.39 We have 
recently reported our experience in this group of patients 
with VATS pleurectomy/abrasion and placement of a non 
absorbable mesh (PTFE) over the diaphragm, with excellent 
long-term results.40 Alifano et al.41 support instead the idea of 
partial diaphragmatic resection. In all cases, medical therapy 
to achieve ovarian rest for a few months postoperatively is 
warranted and referral to a gynecologist for evaluation of 
possible pelvic/abdominal endometriosis is recommended.42

Spontaneous hemopneumothorax

�is is de�ned as the accumulation of over 400 mL of blood 
in the pleural cavity associated with spontaneous pneumo-
thorax. It occurs in up to 5% of cases43 and is associated with 
hypovolemic shock in up to one in three cases. It is o�en 
caused by the tearing of an arterial branch from the parietal 

pleural surface to the lung as the lung collapses following 
pneumothorax. Treatment may be successful by VATS and 
includes identi�cation and either clipping or cautery of the 
feeding vessel, following evacuation of clots.

PLEURAL EMPYEMA

INDICATIONS FOR SURGICAL 
INTERVENTION

Parapneumonic effusions

Guidelines for the management of parapneumonic e�u-
sions (PPE) have been produced by the ACCP44 in which a 
risk categorization for poor outcome in PPE has been pro-
posed based on pleural anatomy, pleural �uid bacteriology, 
and chemistry. �is approach di�ers from the traditional 
approach to categorizing PPE based on three phases: exuda-
tive, �brinopurulent, and organizing.

Four categories are identi�ed: categories 3 and 4 require 
drainage and in these cases surgical referral should be con-
sidered since therapeutic thoracocentesis or tube thoracos-
tomy alone are likely to be insu�cient.

�e clinical features de�ning category 3 PPE are an e�u-
sion occupying more than half the hemithorax, which may 
be loculated and in which the parietal pleura may be thick-
ened; pleural �uid has a positive culture or Gram’s stain 
or pleural �uid pH <7.2. Category 4 PPE is characterized 
by the additional �nding of pus in the pleural cavity. �e 
ACCP panel44 concluded that there was evidence for the use 
of both surgery (by either VATS or thoracotomy) and per-
cutaneous intrapleural �brinolysis in category 3 and 4 PPE.

SURGICAL METHOD

Principles of surgery

�ere are two main principles to surgical intervention in 
pleural empyema: debridement of the infected cavity and 
reexpansion of the underlying lung.

Surgical approach

�ere are three basic approaches to achieve the princi-
ples above: thoracotomy, thoracostomy, or thoracoscopy. 
�oracoscopy under direct vision has been used successfully 
in �brinopurulent PPE45 and more recently using VATS.

VATS TREATMENT OF PLEURAL 
EMPYEMA

General anesthesia with double-lumen intubation and 
single-lung ventilation provides the optimum operating 

Figure 47.3 Stapled closure of a diaphragmatic pore in 
catamenial pneumothorax.
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conditions. �e �rst 2-cm incision is usually placed just 
below the tip of the scapula with the patient placed in a lat-
eral decubitus position. Insertion of the videothoracoscope 
may be preceded by digital exploration of the incision to free 
local adhesions, which would otherwise prevent scope inser-
tion. Any free pleural �uid is suctioned via this port site prior 
to thoracoscopy. One or two further port sites are usually 
required and their position is determined by the anatomy 
of the empyema cavity. �ey are sited under direct vision 
to prevent inadvertent parenchymal injury. Initial pleural 
debridement is performed by mechanical removal of �bri-
nous debris or by directed suction using a large-bore (>28 F) 
intercostal tube drain (Figure 47.4). It is also possible to 
break down loculations by ultrasonic dissection by VATS.46 
Irrigation of the cavity with warm saline is also helpful. An 
assessment of lung expansion should then be made by reven-
tilating the lung under direct vision. If the thickened visceral 
cortex prevents apposition of the two pleural surfaces, then 
decortication is required. It had been thought that removal of 
this peel could be achieved only via thoracotomy. However, 
many have successfully treated patients with chronic post-
pneumonic empyema by VATS. First, the cortex is incised 
across the circumference of the trapped lobe. Next, the two 
pleural sheets are elevated from the underlying visceral 
pleura by blunt dissection (Figure 47.5). �e elevated sheet is 
then excised and withdrawn via one of the port sites. One or 
two drains (28 or 32 F) are placed in the cavity and kept on 
suction for a few days to maximize lung expansion.

SURGICAL RESULTS

VATS versus fibrinolysis

Initial reports of the use of VATS in the management of the 
�brinopurulent phase of empyema reported an immedi-
ate conversion rate of up to 28% due to the presence of an 
organized cortex.47–49 �ere was also a late requirement for 
open surgery in 5%–10% due to recurrent sepsis or failure to 
achieve full lung re-expansion.

Whether VATS mechanical debridement is preferable to 
intrapleural �brinolysis and percutaneous catheter drain-
age is a topic of debate. A small but prospective, randomized 
trial found VATS to have a higher primary treatment suc-
cess and shorter hospital stay with consequent cost savings 
in adults.50 Certainly, the use of �brinolysis should be care-
fully monitored as delay in referral for surgical intervention 
reduces the likelihood of successful VATS due to the for-
mation of �brous pleural adhesions that prevent thoraco-
scopic access to the pleural cavity.51,52 Empirical treatment 
with intrapleural �brinolysis with early surgical drainage 
seems to o�er a faster recovery than prolonged �brinolysis 
and tube drainage.53 However, the use of routine installa-
tion of �brinolytics has been shown to be of no additional 
bene�t when accurate and e�ective tube drainage has been 
established. �e First Multicenter Intrapleural Sepsis Trial 
(MIST1) showed no bene�t in terms of mortality, need for 
surgery, or hospital stay.54 A recent systematic review and 

meta-analysis had a more balanced conclusion and sug-
gested �brinolytic therapy may eliminate the need for VATS 
in selected patients.55

In the treatment of pediatric pleural empyema, VATS has 
been recommended as the primary therapy by some, but a 
recent comprehensive review by the American Pediatric 
Surgical Association Outcomes and Clinical Trials 
Committee suggest that intrapleural �brinolysis should 
remain the primary therapy of choice in children.56

VATS versus thoracotomy

Pleural debridement by VATS has been shown to e�ec-
tively treat �brinopurulent empyema (Table 47.2). Some 
authors advocate VATS debridement as an initial, interim 
measure to limit the risk of toxic episodes and stabilize the 
patient prior to an elective thoracotomy and decortication.57 
When directly compared with thoracotomy in the manage-
ment of �brinopurulent PPE, VATS has been found to have 

Figure 47.4 Video-assisted thoracoscopic suction 
debridement of fibrinopurulent pleural empyema.

Figure 47.5 Video-assisted thoracoscopic decortication of 
a chronic parapneumonic empyema.
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comparable clinical e�ectiveness but advantages in terms of 
faster postoperative recovery.58

Percutaneous �brinolysis is not e�ective once an empyema 
has become chronic and the in�ammation organized.57 In the 
organizing phase of empyema (category 4), when the underly-
ing lung has become entrapped, treatment is directed not only 
at pleural debridement but at removal of the thickened vis-
ceral pleural cortex by decortication. It has been thought that 
this procedure could be carried out only by open thoracotomy. 
Landreneau et al.58 found that 17% of his series required open 
decortication and in these patients 93% had an empyema for 
more than 3 weeks. Certainly, thoracotomy with decortica-
tion has an excellent success rate of around 95% in treating 
empyema at any stage with low associated morbidity and 
mortality.59 Nevertheless, with technical re�nement, VATS 
can successfully treat even the most chronic empyema. Waller 
et al. reported successful VATS decortication in patients with 
duration of symptoms of nearly 2 months.60,61

Rib resection/thoracostomy

Rib resection to drain the empyema cavity is indicated for 
patients at high risk from more major surgery with thora-
cotomy or who could not tolerate single-lung ventilation. It 
may be performed with the patient spontaneously ventilat-
ing with the resection of a short segment of rib over the most 
dependent part of the empyema cavity to allow drainage of 

and limited breakdown of loculations in the infected space. 
A large-bore tube is le� in situ.62 In patients in whom the 
empyema cavity is thought unlikely to close or to be steril-
ized, a permanent drainage site can be formed by resect-
ing two to three ribs and by suturing the exposed parietal 
pleura to the skin of the raised cutaneous �aps. �e cavity 
can then be easily irrigated and dressed as an outpatient. 
�is procedure was described as the Eloesser �ap drainage 
procedure.63 Although open-window thoracostomy is rarely 
performed nowadays in indications other than postpneu-
monectomy empyema, it remains an important lifesaving 
option in patients with uncontrollable pleural sepsis.

Tuberculous empyema

�e original description of thoracoscopy was for adhesioly-
sis for tuberculosis (TB).64 VATS has been shown to be use-
ful in the diagnosis of TB e�usion and in the debridement 
of a TB empyema.65 VATS decortication of the trapped lung 
in TB is also possible.

Malignant empyema

A malignant pleural e�usion may become secondarily 
infected by percutaneous intervention or intrinsic pulmo-
nary infection predisposed by collapse of the parenchyma 
(Figure 47.6). Repeated pleural aspirations render the 

Table 47.2 Results of video-assisted thoracoscopic surgery for pleural empyema

Author Early/
latea

Number Conversion 
to 

thoracotomy

Reoperation Drain 
time 

(days)

Hospital 
stay 

(days)

Mortality Complications

Landreneau 
et al.58

Mixed 76 8 (17%) 5 (6%) 3.3 7.4 5 (6.6%) 2 (3%)

Solaini 
et al.169

Early 40 1 (2.5%) – 4.8 – – –

Lackner 
et al.170

Early 17 4 (23%) – 7 11 0% –

Cassina 
et al.171

Mixed 45 8 (18%) 0 7 10.7 0% 5 (11%)

Waller 
et al.60

Mixed 36 15 (41%) 0 – – – –

Lawrence 
et al.48

Early 31 3 (10%) 10 (32%) 4.3 6.8 1 (3%) 5 (16%)

Striffeler 
et al.49

Early 67 19 (28%) 3 (4%) 4.1 11.5 3 (4%) –

Angelillo 
Mackinley 
et al.41

Early 31 3 (10%) 0 4.2 6.7 1 (3%) 5 (16%)

Cunniffe 
et al.172

Early 10 0 0 4.5 11 0% –

Ridley 
et al.45

Mixed 18 0 10 (55%) 10.7 – 2 (11%) –

Wait et al.50 Early 11 0 0% 5.8 8.7 0% –
a Late empyema defined as an empyema of more than 3 weeks delay to surgery.
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patient particularly susceptible to secondary infection. �e 
bene�ts of VATS are especially pertinent in this group of 
patients. Indwelling pleural catheters can also be considered 
if surgery is not possible.

MALIGNANT PLEURAL EFFUSION

INDICATIONS FOR SURGERY

Pleural biopsy

Diagnostic pleural biopsy by VATS/thoracoscopy has a 
high sensitivity of over 90%,66 as it allows full inspection 
of the pleural surfaces under magni�cation and illumina-
tion. �is procedure can be carried out in a spontaneously 
ventilating patient if the pleural disease is di�use. If the 
patient is to be considered for more radical surgery, then 
the diagnostic pleural biopsy should be performed via as 
few incisions as possible (ideally in the line of a future tho-
racotomy incision) to minimize the risk of tumor implanta-
tion. It is generally accepted that thoracoscopy is superior 
to closed pleural biopsy in the diagnosis of malignant pleu-
ral e�usion.67

Pleurodesis

Control of pleural �uid production can be achieved by 
inducing pleurodesis with talc insu�ation administered 
by video-assisted or direct thoracoscopy and can be e�ec-
tively administered in a spontaneously ventilating patient 
under local anesthesia.68 �oracoscopic talc poudrage is 
superior to talc slurry administered via tube thoracos-
tomy.69 In pleural mesothelioma, cytoreductive parietal 
pleurectomy may have a long-lasting control of symptoms 
than chemical pleurodesis alone.70 Cytoreductive pleurec-
tomy may also have a survival bene�t over pleural biopsy 
alone.71

Trapped lung

Once the visceral pleural surface has become involved by 
the malignant process, the underlying lung will not expand. 
Pleurodesis will not be successful if the pleural surfaces can-
not be apposed. Repeated pleural aspiration may result in 
infection and empyema formation or tumor implantation. 
�e goal of treatment is palliation by a single intervention 
that is reliable, causes little discomfort, avoids prolonged 
hospital stay, and relieves symptoms during the terminal 
phase of the disease.

Surgical treatment is directed toward either evacua-
tion of �uid from the thoracic cavity by the insertion of an 
indwelling pleural catheter or by attempting to re-expand 
the lung by visceral decortication. Although evacuation 
of the pleural space will improve dyspnea, the patient will 
remain compromised by the collapsed lung.

Pleuroperitoneal shunts were commonly used before 
the introduction of indwelling pleural catheters. �ey were 
traditionally inserted through VATS or minithoracotomy. 
Postoperative complications, such as infection, shunt block-
age, and tumor seeding at the port site, occurred in up to 
15% of patients. E�ective palliation was achieved in 95% 
of cases with no evidence of tumor seeding into perito-
neum.72 Now that e�cient palliation of trapped lung can 
be accomplished easily and safely through the insertion of 
an indwelling pleural catheter, during VATS or under local 
anesthetics in the outpatient setting, there seems to be no 
role for pleuroperitoneal shunts in this indication.

 Thoracoscopic talc pleurodesis versus 
tunneled pleural catheter

Recently, two studies compared insertion of a tunneled 
pleural catheter (TPC) at the end of thoracoscopic proce-
dure versus talc insu�ation.73,74 Both studies concluded that 
TPC resulted in a shorter hospital stay than talc insu�ation. 
Freeman et al.73 showed that morbidity was lower in the TPC 
group and time to initiation of systemic therapy was shorter in 
the TPC group. Hunt et al.74 showed that TPC was associated 
with fewer pleural reinterventions. �erefore, TPC should be 
considered as a �rst-line option in patients with malignant 
pleural e�usion and the choice of having a talc pleurodesis 
or a TPC should be discussed with the patient preoperatively.

Palliative pleurectomy

In patients with malignant pleural mesothelioma, VATS 
decortication with visceral pleurectomy has been found to 
be bene�cial with symptomatic relief of dyspnea for more 
than 3 months with acceptable operative mortality and 
morbidity.75 For this reason, some have extended the role of 
VATS decortication to mesothelioma with survival bene�t, 
especially in the elderly.76 �e MesoVATS trial has recently 
randomized patients with malignant pleural mesotheli-
oma for VATS pleurectomy/decortication (P/D) versus talc 
pleurodesis; its results should be published soon.

Figure 47.6 Video-assisted thoracoscopic debridement of 
a malignant pleural empyema.
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RADICAL SURGERY FOR MALIGNANT 
PLEURAL MESOTHELIOMA

No other �eld as radical surgery for mesothelioma has 
attracted so much controversy over the past 40 years.77 
Extrapleural pneumonectomy (EPP) was �rst reported in 
the treatment of patients with pulmonary TB.78 In 1976, 
Butchard et al.79 reported their experience with EPP in the 
treatment of malignant pleural mesothelioma in 29 con-
secutive patients: in-hospital mortality was 31% and only 
3 patients (10%) survived 2 years or longer. �is was enough 
to discourage the most aggressive surgeons. Two decades 
later, Sugarbaker et al.78 reported a large series of mesothe-
lioma patients treated by EPP, chemotherapy, and adjuvant 
hemithoracic radiotherapy. �e in-hospital mortality was 
low and the 5-year survival was up to 46% in a selected 
group of patients with epithelioid subtype, clear surgical 
margins, and N0 disease. Several groups started o�ering 
this procedure routinely in combination with induction 
chemotherapy and adjuvant hemithoracic radiotherapy.80–82 
However, clear evidence was lacking and Treasure et al.83 
designed the MARS (mesothelioma and radical surgery) 
trial and performed a pilot study in 50 patients randomiz-
ing for chemotherapy and best supportive care only versus 
induction chemotherapy, EPP, and adjuvant hemithoracic 
radiotherapy. �is pilot study was not powered to prove the 
superiority of one treatment over another, but showed a 18% 
mortality in the EPP group and a noninferior survival in 
the no-EPP group. �is pilot study attracted much criticism 
over its design, chemotherapy choice, high mortality, and 
lack of statistical power.84 However, it showed that patients 
who were �t enough to undergo EPP but did not have an 
operation had a median survival around 18 months. �is 
was clearly superior to the median survival of 9.5 months 
reported in the MSO1 (active symptom control with or 
without chemotherapy in the treatment of patients with 
malignant pleural mesothelioma) trial85 and better than the 
12 months survival reported with modern chemotherapy 
doublets in non selected populations.86,87

P/D has been performed for more than four decades 
in malignant pleural mesothelioma.88 �is procedure is 
generally performed through posterolateral thoracotomy 
and the aim is to strip o� tumor from the chest wall, lung 
(including �ssures), diaphragm, and mediastinal structures 
(Figure  47.7). In the past, some reported the use of intra-
operative chemotherapy or postoperative adjuvant therapy, 
with no clear bene�t.89,90 �e main problem of administer-
ing adjuvant radiotherapy a�er P/D is that the lung is still in 
situ and high-dose radiotherapy causes radiation pneumo-
nitis. In a systematic review of 1270 patients from 26 reports 
on lung-sparing mesothelioma surgery, Teh et al.91 reported 
an operative mortality of 4% and survival rates of 26% at 
2 years and 9% at 5 years, respectively. Over the years, sev-
eral groups have advocated P/D in preference to EPP,92,93 
as it is associated with lower perioperative mortality and 

potentially better functional status. Flores et al.94 showed 
equivalent survival a�er EPP and P/D in patients operated 
on at three large U.S. institutions over two decades. More 
recently, several groups have reported encouraging out-
comes with multimodality schemes involving radical P/D, 
intrapleural povidone-iodine lavage, or intraoperative pho-
todynamic therapy and adjuvant chemotherapy.95–97 Most 
studies reported low mortality, low complication rates, and 
median survival over 24 months with good quality of life. 
Lang-Lazdunski98 reported signi�cantly better outcomes 
with trimodality therapy including P/D over EPP in a simi-
lar patient population operated on by a single surgeon, at a 
single institution.

Malignant lymph node involvement cannot be accu-
rately predicted from nodal uptake on positron-emission 
tomography (PET) scanning99 or from nodal size100; there-
fore, cervical mediastinoscopy, endobronchial ultrasound 
(EBUS)-guided biopsy, and endo-esophageal ultrasound 

(a)

(b)

Figure 47.7 Operative view, radical pleurectomy/
decortication.
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(EUS)-guided biopsy are recommended to rule out N2 or 
N3 disease before embarking on radical surgery.

�e operation of EPP involves the en-bloc excision of 
the entire pleural surface with underlying lung and adja-
cent pericardium and hemidiaphragm. Mediastinal lymph 
node clearance is also advocated. �e pericardium and dia-
phragm are replaced with prosthetic meshes. �e operation 
is usually performed via a large posterolateral thoracotomy, 
but a median sternotomy has been advocated by Waller 
et al. for right-sided EPP.101 Very o�en, a two-level thora-
cotomy (5th and 8th interspace) is necessary to dissect the 
hilum and perform the pneumonectomy, then resect the 
diaphragm, and repair it with a mesh. At present, most 
surgeons use a large PTFE mesh to replace the diaphragm 
(Figure 47.8).

�e initially reported high operative mortality for 
EPP79 was initially thought to be preclusive but recent 
series report operative mortality as low as 3.8%.102 �e 
best 5-year survival �gures following EPP are reported 
in patients with epithelioid histology, N0 disease, and 
negative surgical margins.78 Unfortunately, these patients 
represent a minority of those referred for surgery. In a 
systematic review of 34 series including 2462 patients 
from 26 institutions, Cao et al.103 reported median over-
all survival a�er EPP ranging from 9.4 to 27.5 months 
and median disease-free survival from 7 to 19 months. 
Perioperative mortality ranged from 0% to 12% and peri-
operative morbidity ranged from 22% to 82%. Despite 
these aggressive attempts at local disease control, survival 
a�er modality therapy including EPP is thwarted by dis-
tant disease progression,104,105 commonly in the peritoneal 
cavity or the contralateral pleural cavity.

At present, it is di�cult to say which operation is bet-
ter. �e observed di�erences in median survival and 5-year 
 survival rates may be due to selection biais106–108 and the 
 surgical community desperately needs a large randomized 
trial comparing EPP with radical P/D.77 �us, it is funda-
mental that patients are informed of therapeutic options 

(EPP vs. P/D) to give informed consent. In the absence of 
clear evidence showing a survival bene�t provided by EPP, 
we and others believe this procedure should be o�ered 
only at selected centers and the outcomes carefully evalu-
ated. �e European Society of �oracic Surgeons and the 
European Respiratory Society have published guidelines 
recommending that EPP is o�ered only to patients enrolled 
into clinical trials.109

 OTHER MALIGNANT TUMORS OF THE 
PLEURA

Most primary malignant tumors of the pleura are malig-
nant pleural mesotheliomas.

Primary sarcomas can also arise in the pleural cavity. 
�e di�erential diagnosis can be challenging but immu-
nohistochemistry and ultrastructural and molecular stud-
ies can help establish a precise diagnosis for most spindle 
cell tumors of the pleural cavity.110,111 It is crucial to reach a 
correct diagnosis as many of these neoplasms have di�erent 
prognoses and treatment modalities. �eir treatment is dif-
�cult, but similar principles apply to most of them: localized 
tumors require complete excision with wide margins (2 cm 
generally). Adjuvant chemotherapy and radiotherapy are 
recommended for inadequate margins or incomplete resec-
tion. Di�use tumors (malignant pleural e�usion or multiple 
pleural nodules) are best palliated with pleurodesis followed 
by systemic chemotherapy. However, complete macro-
scopic resection can be attempted in good performance-
status patients (P/D or EPP). Adjuvant treatment (systemic 
chemotherapy or radiotherapy) can be  administered 
postoperatively.

Secondary tumors originate in the lung or chest wall or 
are metastatic from other cancers (lung, upper and lower 
gastrointestinal tract, ovary, breast, renal cell, and mela-
noma, most commonly). A particular mention should 
be made of pleural metastases of thymomas as they o�en 
represent locoregional disease rather than true metastatic 
spread.

 STAGE IVA THYMOMA AND THYMOMA 
PLEURAL METASTASES

�ymomas are tumors originating in the thymic gland. 
Early-stage tumors are usually well encapsulated, but once 
the capsule is breached malignant cells can spread into the 
pleural cavities. �ese metastases have been known for 
many years as “dropping metastases,” but other mecha-
nisms may be implicated in the spread of thymoma cells.112 
Unlike other tumors, the prognosis of patients with thy-
moma and pleural metastases is relatively good with typi-
cally 5-year survival rates around 75% and 10-year survival 
rates around 50%.113

Multimodality therapy combining surgery and chemo-
therapy has been used for years in patients with stage IVa  Figure 47.8 Operative view, extrapleural pneumonectomy.
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thymoma or late pleural metastases following resec-
tion of stage I–III thymoma. Two main procedures have 
been reported to treat thymoma pleural metastases: EPP 
or radical P/D.114–115 Some groups have used intrapleu-
ral heated chemoperfusion as well, with success.116 In all 
cases, neoadjuvant or adjuvant chemotherapy have been 
recommended. Radiotherapy is usually o�ered to treat a 
positive surgical margin, or residual disease.113 In the past 
few years, targeted therapy has been used in patients with 
inoperable tumors.113

SYNOVIAL SARCOMA

Synovial sarcoma most commonly occurs in the extremi-
ties of young and middle-aged adults. Primary synovial 
sarcoma of the pleura is rare and less than 40 cases have 
been reported to date.117 �is tumor is very aggressive, but 
extremely sensitive to ifosfamide-based chemotherapy.118 
A  multimodality approach, including surgical resection, 
chemotherapy, and radiotherapy, has been successful in 
some cases. Five-year survival rates of 50% or more have 
been reported.118

OSTEOSARCOMA

Extraskeletal osteosarcomas are extremely rare tumors, 
with only four cases of primary pleural osteosarcomas 
reported in the literature to date.119,120 Radical surgery has 
been reported in localized tumors.119

 LOW-GRADE FIBROMYXOID SARCOMA

Low-grade �bromyxoid sarcoma is a rare neoplasm 
 generally a�ecting young adults and typically arising in the 
so� tissue of the proximal extremities.121 Recent progress 
in molecular pathology suggest a relation with sclerosing 
epithelioid �brosarcoma.122 Only 6 cases of intrathoracic 
localizations have been reported to date. Pleural metasta-
ses are not rare. �e prognosis is variable as some tumors 
can become dedi�erentiated a�er 3–42 years.123 Extended 
survival has been reported, especially in patients with small 
tumors (<35 mm).123

LIPOSARCOMA

Liposarcomas of the pleura are extremely rare.124,125 Patients 
usually become symptomatic when the tumor reaches a 
large size, and the most common symptom is dyspnea. 
Surgery should be considered in patients with localized 
tumors. Adjuvant radiation therapy can be administered 
when resection is incomplete.124,125

ANGIOSARCOMA

Primary pleural angiosarcomas are rare and carry a 
dismal prognosis.126–128 Patients usually present with 

large hemothorax, and evolution is usually rapidly fatal. 
Surgical debulking and pleurodesis, followed by systemic 
chemotherapy, has been reported to control intrapleural 
bleeding.126

 EPITHELIOID HEMANGIOENDOTHELIOMA

Hemangioendotheliomas can be particularly di�cult to 
di�erentiate from angiosarcomas.129 �ese tumors usu-
ally present with pleural thickening and hemorrhagic 
pleural e�usion. Endothelial markers (factor VIII, CD34, 
CD31) are invariably positive on immunohistochemis-
try. �is helps di�erentiate these tumors from mesothe-
lioma as endothelial di�erentiation does not occur in 
mesothelioma.130

MYXOID CHONDROSARCOMA

Extraskeletal chondrosarcomas are rare.131 A few cases of 
primary pleural chondrosarcomas have been reported.131–133 
Pleural dissemination of chondrosarcomas originating in 
ribs is more common. Complete surgical resection has pro-
vided long-term survival in few patients.131

MALIGNANT FIBROUS HISTIOCYTOMA

Primary pleural �brous histiocytomas are extremely rare 
tumors.134,135 �ese tumors are aggressive and a rapid meta-
static spread has been reported despite systemic  therapy and 
sometimes complete surgical resection.134,135

EWING’S SARCOMA

Ewing’s sarcoma is part of a rare group of malignant neo-
plasms with small, blue, round-cell morphology on hema-
toxylin and eosin stain, expressing CD99, C-Kit, and Bcl2, 
and sharing the presence of the translocation t (11:22).136 
Extraskeletal Ewing’s sarcoma is rare and typically involves 
the so� tissues of the trunk or extremities. �ere are very few 
reported cases of intrathoracic Ewing’s sarcoma. Recently, 
Tsunezuka et al.137 reported a case arising from the parietal 
pleura treated surgically.

PRIMARY MALIGNANT MELANOMA

Although malignant melanoma frequently spreads to 
the pleural cavity and lung, primary pleural melanomas 
are exceedingly rare.138–141 Patients usually present with a 
malignant pleural e�usion. Pleural cytology or biopsy usu-
ally reveal cells staining with HMB 45 and S 100. Palliative 
pleurodesis/pleurectomy and systemic treatment are 
recommended.
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BENIGN NEUROGENIC TUMORS AND 
MALIGNANT PERIPHERAL NERVE SHEATH 
TUMORS

Benign and malignant neurogenic tumors are common 
tumors, frequently localized in the paravertebral sulcus, 
especially in patients with neuro�bromatosis.142 �ese 
tumors originate in nerves in the subpleural space and can 
usually be excised through VATS or thoracotomy, depend-
ing on their size.143 Spinal magnetic resonance imaging 
(MRI) is o�en recommended to exclude an intraspinal 
extension that warrants a neurosurgical opinion and a joint 
approach. On the other hand, primary pleural malignant 
peripheral nerve sheath tumors are very rare and cases arise 
from the parietal or visceral pleurae.144–146 Depending on 
their size, these tumors can be asymptomatic or cause pain. 
Abbas et al.143reported a case who presented with spontane-
ous pneumothorax.

LIPOMA

Lipomas are benign so�-tissue tumors.147 Pleural location 
is rare. Surgical resection is considered the treatment of 
choice if patients are symptomatic or if the tumor is large, 
due to di�culty of discerning lipoma from well-di�eren-
tiated liposarcoma on imaging or image-guided biopsy.147 
Excision can be through VATS or thoracotomy depending 
on size and location of the tumor.147,148

HIBERNOMA

Hibernomas are benign tumors exceptionally found in the 
pleural cavity.149 �ese tumors mimick brown fat and are 
most commonly found in the thigh, shoulder, neck, axilla, 
mediastinum, periaortic, or perirenal areas.149,150 Complete 
resection by VATS or thoracotomy is the recommended 
treatment.149,151

DESMOID TUMOR

Most reported desmoid tumors originate from the abdom-
inal or chest wall.152 Intrathoracic desmoid tumors are 
very rare. �eir pathogenesis is unclear but an history of 
trauma or previous surgery has been reported.152 A recent 
review reported 12 cases of desmoid tumors of pleural 
 origin.153 Tumors were usually indolent, but some patients 
had chest pain. All tumors were resected, with negative 
margins in two-thirds of patients. Local recurrence was 
common (25%) despite negative margins. �erefore, wide 
local excision is recommended, together with adjuvant 
radiotherapy or antiestrogen therapy for positive surgical 
margins.153

MISCELLANEOUS

CLOTTED HEMOTHORAX

A retained hemothorax may be expected in around 2% of 
patients with thoracic injuries.154 CT is needed to predict the 
need for evacuation of the clotted blood as chest radiogra-
phy alone is insensitive. VATS is e�ective in evacuating clot-
ted hemothorax and preventing secondary infection and 
the development of an empyema.58,155 �e  optimum time for 
VATS evacuation is within the �rst week of the injury before 
the hematoma has become organized.154

CHYLOTHORAX

Surgical indications

Approximately 50% of cases of chylothorax will not respond 
to conservative treatment of pleural drainage, intravenous 
feeding, and �uid replacement.156

Surgical methods

Ligation of thoracic duct has been described in posttrau-
matic or post-surgical cases of chylous �stula. However, 
even ligation of a successfully identi�ed duct may not fully 
control the leak due to the presence of lymphatic collaterals. 
In cases of intractable chylous �stula, identi�cation of the 
�stula site or dissection of the thoracic duct may be avoided 
by supradiaphragmatic ligation of the lower end of the duct 
just above the cisterna chili.157 To aid intraoperative identi-
�cation of the site of chylous leak, the patient should ingest 
50 mL of full-fat cream immediately prior to surgery. �is 
will lead to the leakage of pure white chyle that is more easily 
seen. VATS has been successfully used to achieve ligation, 
suturing, or clipping of the thoracic duct158 (Figure 47.9). 

Figure 47.9 Video-assisted thoracoscopic control of 
thoracic duct in idiopathic spontaneous chylothorax.
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VATS talc pleurodesis may also be useful, particularly in 
cases where there is a di�use chylous leak due to increased 
lymphatic pressure and may be superior to chemoradiation 
in lymphoma.159
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48
Gene therapy in pleural diseases

EDMUND K. MOON, STEVEN M. ALBELDA, AND DANIEL H. STERMAN

KEY POINTS

 ● Gene therapy (the treatment of disease based on the transfer of genetic material) involving the pleural space o�ers 
a number of potential advantages and could be used to produce secreted gene products or in the treatment of pleural 
diseases.

 ● Adeno-associated virus vectors have been shown to lead to high-level and persistent expression of transgene and 
are being investigated for the treatment of α1-antitrypsin de�ciency.

 ● �e most likely use for pleural gene therapy will be in the treatment of malignant diseases, including malignant 
mesothelioma and metastatic pleural disease.

 ● A large number of gene therapy strategies for pleural malignancy have been explored using cell culture and  animal 
models, including induction of apoptosis, antiangiogenesis, suicide gene therapy, immunogene therapy, and 
 replicating, tumor-selective viruses.

 ● Clinical trials for pleural malignancy have been reported using cells transduced with the suicide gene Herpes 
 simplex thymidine kinase (HSVtk), adenoviral vectors encoding HSVtk, a replication-restricted vaccinia virus 
expressing interleukin-2, and adenoviral vectors expressing interferon-α and interferon-β. Antitumor immune 
responses and some clinical responses have been seen in the adenoviral trials. Combination trials of immunogene 
therapy and chemotherapy may prove e�cacious as part of standard treatment regimens.

 ● Several centers have ongoing clinical trials of intrapleural oncolytic viruses and gene-modi�ed autologous T-cells 
in malignant mesothelioma.

 ● Gene therapy has not been proven yet as a useful therapeutic tool for the treatment of pleural diseases. However, 
 excellent initial progress has been made and this modality will likely be an important treatment strategy in the 
near future.

INTRODUCTION

Gene therapy—the treatment of disease based on the  transfer 
of genetic material—o�ers a number of potential unique 

advantages in targeting diseases involving the pleural space.1 
�e pleural space has a large surface area lined by a thin 
layer of mesothelial cells, the ideal context for e�cient gene 
transfer. Liquids or cell suspensions injected into the pleural 
space can  disseminate rapidly and uniformly, allowing for 
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transduction of a large number of cells within the pleural 
cavity. �e patterns of �uid drainage from the pleural space 
through vascular and lymphatic channels ensure rapid sys-
temic uptake of secreted gene products. Access to the pleu-
ral space is relatively easy and safe via thoracostomy tubes, 
indwelling tunneled catheters, and small-diameter thoraco-
scopes. Fusion of the pleural surfaces (i.e., pleurodesis) is quite 
benign, and in some instances (e.g., recurrent symptomatic 
malignant pleural e�usions) may be desirable.

Gene transfer to the pleural space may prove most 
advantageous in two separate clinical scenarios: (1) the cells 
of the pleural space could be used as “factories” to produce 
gene products that would be secreted and then transferred 
into the bloodstream to treat systemic disease, and (2) gene 
therapy could be used in the treatment of primary (meso-
thelioma) and secondary (metastatic) pleural malignancies.

 VECTORS USED IN PLEURAL GENE 
THERAPY

�e �rst requirement for successful gene therapy is e�cient 
gene delivery. A variety of viral and nonviral gene transfer 
vectors have been developed.2 As summarized in Table 48.1, 
each of these vectors has certain advantages with regard to 
DNA carrying capacity, types of cells targeted, in vivo gene 
transfer e�ciency, duration of expression, and induction of 
in�ammation.

�e most widely used vector system in pleural gene  therapy 
has been recombinant, replication-incompetent, adenovirus. 
�is vector system o�ers high-e�ciency transduction of 
target cells (including nondividing cells) and leads to high 

expression levels of the delivered transgene. However, gene 
expression is transient and accompanied by prominent local 
and occasional systemic in�ammatory responses. Mesothelial 
and mesothelioma cells in culture are quite easily transduced 
by adenoviral (Ad) vectors. Ad vectors have been injected into 
the pleural and peritoneal spaces in animal models, where 
uniform and high-level gene transduction occurs.3–6

Adeno-associated virus (AAV) is a defective parvovirus 
with a naked protein coat and a single-strand DNA genome 
that persists in an episomal state that allows for stable, long-
term gene expression, while mitigating the risk of inser-
tional mutagenesis seen with retroviral gene transfer. Most 
of the initial preclinical studies of AAV were performed 
with serotype 2 (AAV2). However, many additional sero-
types of AAV viruses have been identi�ed.7 �ese alterna-
tive serotypes use di�erent entry mechanisms, allowing for 
varying tissue tropisms. No AAV vectors have been used to 
date in human clinical trials of intrapleural gene delivery.

 PLEURAL GENE THERAPY FOR  
THE TREATMENT OF SYSTEMIC 
DISEASES

Intrapleural injection of plasmid/liposome or Ad vectors can 
produce biologically active proteins, but only in a transient 
fashion.8,9 In contrast, it has been recently demonstrated that 
intrapleural administration of AAV vectors can lead to high-
level and persistent systemic expression of transgenes.1,10,11 
De et al.10 compared the e�ciency of an AAV5-based vec-
tor expressing α1-antitrypsin (α1AT) with that of an AAV2 
vector expressing the same transgene by intrapleural and 

Table 48.1 Characteristics of gene therapy vectors and tumor-selective viruses

Vector DNA-carrying 
capacity (kb)

Cell range In vivo gene 
delivery 
ef�ciency

Duration of 
expression

Cotransfer 
viral gene 
elements

In�ammatory 
response

Retrovirus <8 Replicating 
cells only

Low Stable 
integration

Yes Low

Adenovirus 7–8 Most cells Moderate Transient Yes High
Adeno-

associated 
virus

<5 Primarily 
muscle, 
liver, and 
brain—
depends on 
serotype

Moderate Long term Minimal Low

Lentivirus <8 Many 
nondividing 
cells

Low Stable 
integration

Yes Low

Liposome >10 Most cells Low Transient No Moderate
Autologous 

transduced cell
Unlimited Fibroblast, 

myoblast, 
mesothelial

Moderate Months No Low

Herpes virus >10 Most cells Moderate Transient Yes High
Vaccinia virus >10 Most cells Moderate Transient Yes High
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 intramuscular routes in mice and found that the AAV5  vector 
achieved lung (bronchoalveolar lavage) and serum levels 
that were 10-fold greater than the AA2 vector. At 40 weeks 
postinstillation, α1AT levels were a remarkable 900 μg/mL—
1.6-fold higher than the accepted therapeutic serum level of 
570 μg/mL. In a follow-up study,11 the same group performed a 
comprehensive screen of 25 AAV serotype vectors and showed 
the highest e�ciencies were seen with AAV5, AAV8, AAV9, 
and AAV rhesus monkey-10 vectors. Issues of importance 
include the duration of secretion of transgene product from 
the transfected mesothelial cells, as well as the development 
of immune responses against the transgene or AAV proteins. 
�ese studies raise the exciting possibility of using AAV gene 
delivery to the pleural space for genetic pulmonary diseases 
such as α1AT de�ciency or other systemic diseases, such as 
hemophilia, lysosomal storage disorders, or diabetes.1

 GENE THERAPY FOR THE TREATMENT 
OF PLEURAL DISEASES

 NONMALIGNANT PLEURAL DISEASES

�ere have been no clinical trials to date of intrapleural 
gene therapy for nonmalignant pleural processes. �e most 
common areas of nonmalignant pleural disease are pleural 
space infection and pleural e�usions secondary to underly-
ing systemic diseases (e.g., lupus or congestive heart failure). 
Neither of these scenarios is particularly amenable to local 
intrapleural gene delivery. Less common, but clinically sig-
ni�cant, pleural disorders, such as di�use pleural �brosis, 
might be ameliorated by intrapleural instillation of anti-
in�ammatory and/or anti�brotic genes that might prevent 
progression of underlying disease.

MALIGNANT PLEURAL DISEASES

In the near future, the most likely use for pleural gene 
 therapy will be in the treatment of malignant diseases, 
including malignant mesothelioma (MM) and metastatic 
pleural disease.12 A number of clinical trials have already 

been performed (see below). Pleural tumors have several 
characteristics that make them attractive targets for gene 
therapy, including: (1) the absence of standard, e�ective 
therapy; (2) the accessibility of the pleural space for biopsy, 
vector delivery, and analysis of treatment e�ects; and (3) the 
availability of therapeutic strategies that require only 
 transient gene expression. MM is an especially attractive 
target since local extension of disease, rather than distant 
metastases, is responsible for much of its morbidity and 
mortality.

PRECLINICAL STUDIES

A large number of gene therapy strategies for pleural malig-
nancy have been explored using cell culture and animal 
models (Table 48.2).

INDUCTION OF APOPTOSIS

Delivery of the wild-type p53 gene has been the most fre-
quent method of experimental cancer gene therapy, as 
mutations in the p53 tumor suppressor gene account for 
the majority of genetic abnormalities in solid tumors. Even 
though most MMs contain wild-type p53, overexpression of 
p53 using an Ad vector has been shown to inhibit tumor cell 
growth.13 Other molecular approaches used in mesothelio-
mas have been reexpression of p16INK4a or the p14ARF protein 
complex.14,15 An alternate method of inhibiting MM cells is 
the introduction of “downstream” promoters of apoptosis 
such as the proapoptotic Bcl-2 family member Bak.16 �e 
potential role for Simian virus 40 (SV40) as a causative fac-
tor in MM oncogenesis and proliferation is the rationale for 
experiments by Schrump and colleagues showing antisense 
oligonucleotides designed to abrogate SV40. Tag expression 
induced apoptosis and enhanced sensitivity to chemothera-
peutic agents in SV40-positive MM cells in vitro.17

Given that in vivo gene transfer is quite ine�cient, a 
major limitation of all these approaches is that inducing 
cell death in only the transduced cells (without bystander 
e�ects) will have only limited therapeutic e�cacy.

Table 48.2 Approaches for gene therapy of pleural malignancies

Principal Examples

Suicide gene therapy Herpes simplex thymidine kinase gene plus GCV
Cytosine deaminase gene plus 5-flurocytosine

Induction of apoptosis p53, p16, p14ARF, Bak, antisense SV40-T antigen
Antiangiogenesis Soluble form of the VEGF receptor (Flt-1), antiangiogenic pigment 

epithelium-derived factor
Immunogene therapy
 Cytokine therapy Interleukin-2, interleukin-12, type 1 and type 2 interferons, GM-CSF
 Nonspecific induction of innate and acquired 

immunity ligand
Liposome/DNA complexes, mycobacterial heat shock protein gene 

(HSP-65), anti-CD40
 Vaccination SV40 T-antigen, mesothelin
 Tumor-selective replicating virus Herpes virus, Vaccinia virus, Adenovirus, Measles
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Intrapleural p53 gene therapy clinical trials have been 
conducted for the treatment of malignant e�usions sec-
ondary to mesothelioma and metastatic pleural tumors.18,19 
Recombinant Ad vectors expressing wt-p53 were approved in 
2005 in China for intratumoral injection in head and neck 
cancer and have been utilized clinically with intratumoral 
injection in lung cancer. Dong et al.18 evaluated the e�cacy of 
adenovirus wt-p53 (rAd-p53) injection combined with intra-
pleural cisplatin for the treatment of malignant pleural e�u-
sions. A�er thoracentesis, patients underwent intracavitary 
administration of rAd-p53 once weekly for 4 successive weeks. 
At 48 hours a�er rAd-p53, patients were given intracavitary 
administration of cisplatin. �e total e�ective rates (evalu-
ated by control of the malignant e�usion) for the treatment 
group (63.0%) were signi�cantly higher than for the control 
group (42.9%).18 Zhao et al. evaluated the clinical e�cacy and 
toxicity of rAd-p53 combined with cisplatin in 35 patients 
with metastatic pleural e�usion (MPE) related to lung can-
cer. Both treatment and control groups were administered 
intracavitary cisplatin ± rAd-p53 once weekly for 4  weeks. 
�e total e�ective rates (based on control of malignant pleu-
ral e�usion) in the treatment and control groups were 82.35% 
and 50% (p < .05), respectively. �e principal toxicity in the 
treatment group was self-limited fever (p < .05).18,19

Both studies noted superior control of pleural (and peri-
toneal) e�usion in patients who received the Ad.p53-based 
combination therapy, but both studies were limited by the 
lack of data on tumor response rates or survival.18,19 �erefore, 
it is possible that this approach may have been useful only in 
achieving pleurodesis, as a result of an in�ammatory reaction 
to repeated IP administration of the Ad vector.

ANTIANGIOGENESIS

Inhibiting tumor blood vessel growth as a treatment for can-
cer has been an area of active interest, resulting in a number 
of approved therapies, such as an antivascular endothelial 
cell growth factor (VEGF) antibody. Ad vectors have been 
used to deliver a soluble form of the VEGF receptor (Flt-1) 
or the antiangiogenic pigment epithelium-derived factor to 
the pleural space of mice with lung cancers or MMs with 
some success.20,21 �e short duration of expression of Ad 
vectors will likely limit this strategy in the clinic, but devel-
opment of AAV vectors expressing antiangiogenic mol-
ecules (including antibodies) may be an e�ective primary 
treatment or chemotherapy adjuvant in the future.

SUICIDE GENE THERAPY

An attractive approach in cancer gene therapeutics is “sui-
cide” gene therapy, where a neoplasm is transduced with 
a cDNA encoding for an enzyme rendering tumor cells 
 sensitive to a benign agent by converting the “prodrug” to 

a toxic metabolite. Enzymes used most commonly are the 
herpes simplex virus-1 thymidine kinase (HSVtk) gene, 
which makes cells sensitive to the nucleoside analog gan-
ciclovir (GCV) or the yeast enzyme cytosine deaminase, 
which converts 5-�uorocytosine to the toxic 5-�uoro-
uracil. �erapeutic e�cacy in the former is enhanced by 
a “bystander” e�ect that involves passage of toxic GCV 
metabolites from transduced to nontransduced cells via 
gap junctions or apoptotic vesicles and induction of anti-
tumor immune responses capable of killing tumor cells not 
expressing the transgene.

�e transfer of HSVtk DNA to target pleural tumor 
cells has been accomplished using a variety of delivery 
systems, including carrier cells,22,23 liposomes,24,25 plas-
mid DNA–polyethylenimine complexes,22 and AAV2 vec-
tors.26 �e most e�ective vector for suicide gene delivery, 
at least in preclinical models of MM, has been adenovirus. 
Initial experiments demonstrated that replication-de�cient 
Ad.HSVtk vectors e�ciently transduced mesothelioma cells 
both in tissue culture and in animal models and facilitated 
HSVtk-mediated killing of human MM cells in the presence 
of low concentrations of GCV.27 Subsequently, Ad.HSVtk/
GCV gene therapy was used successfully to treat estab-
lished intraperitoneal (i.p.) human MM tumors and lung 
cancers in immunode�cient mice28 and in rat models of 
pleural MM.5,29

IMMUNOGENE THERAPY

Antitumor immune responses can be elicited by instillation 
of nonspeci�c immunostimulatory genes. Delivery of the 
immunogenic heat shock protein gene-65 via cationic lipo-
somes showed e�cacy in a syngeneic murine model of MM. 
�is e�ect, however, appeared related to nonspeci�c e�ects 
of lipid–pDNA complexes due to unmethylated CpG motifs 
of the prokaryotic DNA in the vector plasmids. �ese CpG 
motifs were su�cient to activate “danger signals” and initi-
ate innate and adaptive antitumor immune responses.30,31

Cytokines are known to have both direct antiprolif-
erative e�ects on mesothelioma cells, as well as activating 
intrapleural and intratumoral immune e�ector cells in vivo. 
Several published phase I and phase II clinical trials have 
documented MM tumor responses to intrapleural infusion 
of interleukin-2 (IL-2), interferon beta (IFN-β), and inter-
feron gamma (IFN-γ), albeit with signi�cant systemic tox-
icity at the higher doses of intrapleural cytokine protein. 
�e rationale for the use of gene therapy is that expression 
of cytokine genes by tumor cells generates high levels of 
intratumoral cytokines in a paracrine fashion, inducing 
powerful local cytokine e�ects while minimizing systemic 
toxicity.

Several preclinical studies involving delivery of a variety 
of immunostimulatory cytokine genes demonstrated signi�-
cant e�cacy in murine models of MM. �e  cytokine genes 
 delivered included IL-2,32 IL-12,33  granulocyte-macrophage 
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colony-stimulating factor (GM-CSF),34,35 IFN-γ,36,37 IL-24 
(mda-7),38 and CD40-ligand.39

Our group has explored the use of genes encoding type 
I (α, β) interferons. A single i.p. injection of a recombinant 
adenovirus engineered to express the murine β-IFN gene 
(Ad muIFN-β) eradicated syngeneic murine MM in >90% of 
animals tested.40 I.p. Ad.muIFN-β gene therapy also resulted 
in a signi�cant reduction of subcutaneous tumors at a dis-
tant site and was mediated by CD8+ T lymphocytes.41 Similar 
abrogation of MM growth in syngenic models of MM was 
demonstrated by intratumoral and intracavitary injection of a 
recombinant virus expressing the murine IFN-α2b gene.

 REPLICATING, TUMOR-SELECTIVE 
VECTORS

Although not technically “gene therapy,” an increasingly pop-
ular therapeutic strategy has been to adapt or engineer viruses 
so that they preferentially replicate within tumors, but not 
normal tissues. In addition, these replication-selective viruses 
can be “armed” by inserting speci�c transgenes (i.e., a suicide 
gene or cytokine). �is approach was pioneered using mutated 
adenoviruses and has led to a number of clinical trials in solid 
tumors, such as head-and-neck tumors and prostate cancers.42 
Modi�ed herpes viruses have been used to successfully treat 
mouse models of MM43,44 and metastatic pleural cancer,45 and 
one such tumor-selective oncolytic herpes virus (HSV-1716) is 
currently being studied in a phase I clinical trial in She�eld, 
United Kingdom, involving repeated intrapleural delivery. 
Patients with intrapleural catheters will receive up to four 
doses of HSV-1716 through the catheter. �e activity of the 
virus will be assessed by detecting evidence of viral replication 
in the pleural �uid.

An IL-2-armed, replication-restricted vaccinia virus 
(VV) was used in the �rst human clinical trial of gene ther-
apy in MM (see below).46 At present, there is an ongoing 
clinical trial of intrapleural delivery of an oncolytic VV car-
rying the green �uorescent protein (GFP) gene (GL-ONC1) 
at Memorial Sloan-Kettering Cancer Center (MSKCC) in 
New  York City. GL-ONC1 has previously been studied in 
humans in several phase I clinical trials with both intra-
venous and intracavitary delivery of the oncolytic VV in 
patients with advanced stage head and neck cancer and peri-
toneal carcinomatosis. In the MSKCC trial, patients undergo 
initiation intrapleural infusion of GL-ONC1 followed by 
videothoracoscopy with GFP image-guided biopsies to 
determine the presence of GL-ONC1 within tumor cells.

Another replication-restricted virus previously used 
in trials in ovarian carcinoma—oncolytic measles virus 
(MV-NIS)—is under active investigation in a phase I clini-
cal trial of intrapleural injection conducted jointly by 
the Mayo Clinic and the University of Minnesota. MV’s 
primary antitumor e�ect is via direct cytotoxicity with 
relative tumor speci�city by targeting the complement 
modulator CD46, which is overexpressed in MM, but also 

has immunostimulatory characteristics that may induce 
an in vivo antitumor vaccine e�ect. �e MV-NIS vector 
contains an attenuated Edmonston measles virus genome 
with the sodium-iodide symporter (NIS gene) inserted 
between the L and H protein coding sequences. Expression 
of the NIS gene within the target cell facilitates the diag-
nostic and therapeutic uptake of radioactive iodine. As an 
integral part of this phase I trial, single-photon emission 
computed tomography/computed tomography (SPECT/
CT) scans are performed a�er administration of 125 Iodine 
to de�ne the time course of viral infection, dissemination, 
and elimination.

 CLINICAL TRIALS OF IMMUNOGENE 
THERAPY

In the mid-1990s, an initial cell-transfer trial was conducted 
at Louisiana State University Medical Center in New Orleans 
using an irradiated ovarian carcinoma cell line retrovirally 
transfected with HSVtk (PA1-STK cells). �e PA1-STK cells 
were instilled via an indwelling pleural catheter followed by 
systemic administration of GCV.21,47 Minimal side e�ects 
were seen; there were some posttreatment increases in the 
percentage of CD8+ T lymphocytes in pleural �uid but no 
clinical responses were noted. Radiolabeling of the PA1-
STK cells con�rmed homing to tumor sites within the pleu-
ral cavity.

Sterman et al.48–51 conducted a series of phase I clinical tri-
als of a replication-incompetent Ad.HSVtk delivered intra-
pleurally (followed by GCV) into more than 30 patients with 
pleural MM. Dose-limiting toxicity was not reached, side 
e�ects were well tolerated (although with cytokine-release-
type symptoms at the higher vector doses of 5  ×  1013  vp), 
and gene transfer was con�rmed in a dose-related fashion 
with clearly detectable gene transfer (indicated by immuno-
staining) at tumor surfaces and up to 30–50 cell layers deep 
(Figure 48.1). Antitumor antibodies and strong antiadenovi-
ral immune responses, including high titers of neutralizing 
antibody and proliferative T-cell responses, were generated, 
but with no obvious adverse clinical e�ects. Interestingly, a 
number of clinical responses were seen at the higher dose 
levels, including two patients who survived 8 and 14 years, 
respectively, a�er vector instillation.51

Zarogoulidis et al.52 treated six lung cancer patients with 
malignant pleural e�usions intrapleurally with an adenovi-
rus encoding the suicide gene cytosine deaminase followed 
by the prodrug �ucytosine for 14 days. �e treatment was 
well tolerated and inhibited pleural �uid reaccumulation in 
two patients, but no clear clinical responses were noted.

VV is a double-stranded DNA virus that relies primar-
ily on its own proteins for DNA replication and messenger 
RNA (mRNA) synthesis and so has minimal interactions 
with host proteins, facilitating production of daughter viral 
particles immediately a�er cell entry. Owing to its role in 
the eradication of smallpox, it has been used extensively 
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in humans.53 Mukherjee et al.46 injected a replication-
restricted recombinant VV expressing the human IL-2 
gene intratumorally into patients with MM. Toxicities were 
minimal and there was no clinical or serological evidence 
of spread of virus to patient contacts. No signi�cant tumor 
regression was seen in any of the patients and only mod-
est intratumoral T-cell in�ltration was detected. VV IL-2 
mRNA was detected by reverse transcriptase-polymerase 
chain reaction in serial tumor biopsies for up to 6 days a�er 
injection, but declined to low levels by day 8.

�e use of a cellular vector to deliver the IL-2 gene in 
patients with pleural MM has been reported in abstract 
form.54 Fourteen patients received intratumoral injections 
(four courses) of xenogeneic �broblasts (Vero cells) express-
ing IL-2. �e treatment was well tolerated and circulating 
levels of IL-2 were detected in seven patients. One patient 
showed temporary tumor shrinkage and one had  disease 
stabilization for 4 months. However, this approach is not 
being  pursued further.

Based on preclinical data described above, our group at 
the University of Pennsylvania conducted a phase I dose 
escalation study evaluating the safety and feasibility of 
single-dose intrapleural IFN-β gene transfer using an Ad 
vector (Ad.IFNβ) in seven patients with MM and three 
patients with MPEs.55,56 Intrapleural Ad.INFβ was well tol-
erated. Gene transfer was con�rmed in 7 of 10 patients by 
demonstration of vector-speci�c IFN-β message or protein 
in pleural �uid. Antitumor immune responses were elicited 
in 7 of 10 patients, including humoral responses to known 
tumor-associated antigens (SV40 large T-antigen and meso-
thelin) and unknown tumor antigens (7 patients). Four of 
10 patients showed meaningful clinical responses de�ned 
as disease stability and/or regression on �uorodeoxyglucose 
positron emission tomography (PET) and CT scans at day 
60 postvector infusion.

Subsequently, a second phase I trial was conducted in 
10  additional patients, assessing the safety repeated dos-
ing of Ad.IFNβ separated by 1 or 2 weeks.57 Vector was well 

tolerated and induced similar antitumor humoral immune 
responses, along with two clinical responses. However, gene 
transfer from the second vector dose was inhibited by the 
induction of high titers of neutralizing anti-Ad antibodies 
by initial dosing 1–2 weeks earlier.57

Based on these results, a new phase I trial was designed 
to evaluate a shortened dosing interval of 3 days prior 
to the expected peak of anti-Ad neutralizing antibodies 
(Nabs). For this trial, a recombinant Ad vector expressing 
the human IFN-α2b gene (Ad.IFN-α2b) obtained from 
Schering–Plough/Merck/FKD (SCH721015) was used.58 
Ad.IFN-α2b was instilled on study days 1 and 4 via an 
indwelling pleural catheter at a starting vector dose of  
1 × 1012 vp; subsequently dose was de-escalated to 3 × 1011 
vp a�er the cohort of three patients developed signi�-
cant cytokine release syndrome (CRS) symptoms. At this 
lower dose level, Ad.IFN-α2b vector instillation was well 
tolerated, although most patients developed some CRS 
symptoms a�er the initial intrapleural infusion. Elevated 
and sustained serum IFN-α levels were occasionally asso-
ciated with protracted “�u-like symptoms” of 7–10 days 
duration. Pleural catheter-related infections occurred in 
two patients; both were, however, treated successfully 
with antibiotics and catheter removal.58 Signi�cant IP 
IFN-α levels were demonstrated even in patients treated 
at the lower vector dose. In addition, the second Ad.IFN-
α2b dose at the 3-day time interval resulted in successful 
gene transfer. All patients had marked increases in anti-
Ad Nabs 1 week post Ad.IFN-α2b instillation. Humoral 
and cellular immunologic responses were noted in seven 
of eight evaluable patients, including antibodies against 
allogeneic tumor-associated antigens, as well as activation 
of circulating natural killer cells.58

Initial radiographic assessment at 60 days postinitial 
dosing revealed several responses by modi�ed RECIST 
(Response Evaluation Criteria in Solid Tumors): two 
subjects had objective partial responses, four subjects 
had stable disease, and three had evidence of signi�cant 

(a) (b)

Figure 48.1 Gene transfer into mesothelioma. Forty-eight hours after intrapleural gene transfer, tumor biopsies were 
taken and stained for the transgene herpes simplex virus (HSV)-thymidine kinase. Immunohistochemical staining showed 
clear expression in the surface layers of tumor cells in both (a) nuclear and (b) cytoplasmic locations.
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radiographic progression. Two patients were subsequently 
able to undergo radical pleurectomy (RP), with prolonged 
disease-free survival, and one with no sign of recurrence 
now 60 months postoperatively. One patient with multi-
focal recurrence status post and prior RP, intraoperative 
photodynamic therapy, and adjuvant chemotherapy had 
a dramatic radiographic tumor response on 6-month fol-
low-up PET/CT post Ad.IFN-α2b, characterized by near 
complete resolution of all sites of metabolic tumor activ-
ity, including foci distant from the site of localized vector 
instillation.58

We have recently completed accrual in a phase I/II clini-
cal trial examining the combination of repeated doses of 
intrapleural Ad.IFN-α2b vector with front-line (peme-
trexed/cisplatin) and second-line (gemcitabine ± carbopla-
tin) chemotherapy, as well as a brief course of high-dose 
cyclo-oxygenase-2 inhibitor (celecoxib) for modi�cation 
of the tumor microenvironment and mitigation of inhibi-
tory networks that suppress antitumor immune responses. 
In both front-line (n = 25) and second-line (n = 15) arms, 
the combination of intrapleural Ad.IFN-α2b vector, high-
dose celecoxib, and systemic chemotherapy proved safe. 
Adverse events during the chemotherapy portion of the 
study were comparable to historical controls. Most patients 
experienced expected mild toxicities from vector (CRS, 
interferon production), including nausea, fatigue, anemia, 
lymphopenia (grades 3–4), and hypoalbuminemia. Serious 
adverse events were rare and included pleural catheter infec-
tion (n = 2), hypoxia (n = 2), supraventricular tachycardia  
(n = 1), and esophagitis (n = 1), none directly attributable 
to the vector or vector administration. Interim response 
data were presented at the 2013 World Conference on Lung 
Cancer in Sydney, Australia. Disease control rates observed 
in this study to date compare favorably with historical data, 
and overall survival results were also impressive, particularly 
in the second-line chemotherapy group, and argue strongly 
for proceeding with a multicenter randomized clinical trial 
of chemo-immunogene therapy versus chemotherapy alone.

Based on other preclinical studies,59 a neoadjuvant sur-
gery trial is also being planned where vector would be given 
to patients with mesothelioma followed by a maximal de-
bulking procedure and adjuvant chemoradiotherapy.

 GENE-MODIFIED AUTOLOGOUS  
T-CELL THERAPY

A major new initiative in the �eld of cancer gene therapy is 
to use adoptive transfer of gene-modi�ed autologous lym-
phocytes that have been modi�ed ex vivo by using mRNA 
electroporation, retroviruses, or lentiviruses to augment 
their ability to attack tumor cells. �is can be accomplished 
by transfection of T-cell  receptors with altered speci�city 
or by the introduction of arti�cial chimeric T-cell antigen 
receptors (CARs) that use single-chain antibody fragments 
to de�ne antigen speci�city and intracellular fragments of 

both the T-cell receptor and accessory molecules (such as 
CD28 or 4-1BB) to enhance activation. Our group at Penn, 
and others at MSKCC and the National Cancer Institute 
(NCI), have designed CARs to redirect T cells to the tumor 
antigen mesothelin for use in the treatment of mesothelioma. 
�e approach has worked well in preclinical models,60,61 and 
a phase I trial has been initiated at Penn to test the safety 
of T cells genetically modi�ed with mesothelin CAR via 
mRNA electroporation (ClinicalTrials.gov NCT01355965). 
�us far, no adverse e�ects attributable to o�-tumor/ 
on-target  reactivity of the mesothelin CAR construct 
(i.e., CAR recognition of normal low levels of mesothe-
lin expression on pleura,  pericardium, peritoneum) have 
been observed. A  similar phase I/II study at the NCI 
 incorporating nonmyeloablative chemotherapy to elimi-
nate competing native immune cell populations prior to 
introducing the modi�ed T cells is also actively enrolling 
patients (ClinicalTrials.gov NCT01583686).

Other groups are targeting the stromal component 
found in patients with malignant pleural mesothelioma 
by modifying T cells to express a CAR directed against 
�broblast-activating protein (FAP), a surface antigen 
highly expressed on immunosuppressive tumor stromal 
�broblasts.62 Investigators at the University of Zurich 
have initiated a phase I study evaluating the safety of 
intrapleurally delivered FAP CAR T-cells. (ClinicalTrials 
.gov, NCT01722149).

CONCLUSIONS

Pleural gene therapy could be implemented in the treatment 
of refractory systemic disorders by providing a large surface 
area for gene transduction and protein secretion. Studies 
using novel AAV serotypes are especially promising in this 
regard. �e other area where pleural gene therapy is likely 
to become useful is in the treatment of pleural malignan-
cies. A number of completed clinical trials in pleural cancer 
patients show the safety and feasibility of this approach, and 
many other novel trials of novel vectors, oncolytic viruses, 
and genetically retargeted autologous cells may prove 
bene�cial.

Gene therapy has not yet been proven as a standard 
therapeutic tool for the treatment of pleural diseases. 
However, the �eld is less than 20 years old and signi�cant 
initial progress has been made. �e authors have no doubt 
that gene therapy will be an important treatment strategy 
for benign and malignant pleural diseases in the not-too-
distant future.
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OVERVIEW

�e modern pleural service is an ever-evolving entity that 
has come to the fore in recent years as the potential bene�ts 
of dedicated pleural disease care are increasingly recog-
nized. Advances in pleural diagnostics and interventions, as 
well as a greater disease burden, have reduced the likelihood 
that a standard general medical service will be able to o�er 
the full range of pleural diagnostic services in a timely man-
ner. Furthermore, the successful pleural service is ideally 
placed to enhance research output, improve standards of 
training, reduce inpatient times, and even improve hospital 
income. �is chapter aims to both demonstrate the increas-
ing need for pleural specialist services and highlight how 

they may be organized, as well as provide practical advice to 
readers who may be in the position to establish or improve 
such a service in the future.

 THE NEED FOR SPECIALIST PLEURAL 
SERVICES

�e diagnosis and management of pleural disease can be 
challenging. �ere are over 50 recognized causes for pleu-
ral e�usions, including many extrapulmonary conditions.1 
E�usions are also common, with over 1 million new cases 
per year in the United States alone.2 Despite this, there 
are few dedicated pleural services,3 as well as a noticeable 
dearth in high quality research.

KEY POINTS

 ● Pleural services are both increasingly recognized and important.
 ● �ere is no “ideal” pleural service—local factors will always determine structure, with collaborative working across 

many specialties o�en required.
 ● Dedicated clinics and procedural lists can improve standards of pleural care and provide greater opportunities for 

research and training.
 ● �ere is a drive to manage pleural disease on an outpatient basis wherever possible, which may lead to substantial 

cost savings for healthcare providers.
 ● Although �nancial outlay may be needed initially (e.g., for equipment), this can usually be seen as a valuable long-

term investment.
 ● Maintaining a comprehensive patient database is vital for audit purposes.
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�ere is also evidence that the burden of pleural disease 
is rising. Malignancy is amongst the commonest causes, 
with a variety of neoplasms able to metastasize to the 
pleura. �e incidence of malignant pleural e�usion (MPE) 
has risen steeply in recent years (to approximately 175,000 
in the United States alone4), and will likely continue to do 
so in the coming decades as more patients are treated for 
cancers of all types, especially mesothelioma.5 In addition 
to more malignant cases, data from across the globe have 
demonstrated more cases of empyema in both adults and 
children in recent years—one North American study specif-
ically estimating the incidence to be rising by approximately 
3% per year.6–11

�e above increases may be explained in part by techno-
logical advances which have improved the ability to detect 
and treat pleural abnormalities. �e widespread adoption of 
thoracic ultrasound and the routine use of chest computed 
tomography (CT) have allowed greater appreciation of 
small-volume e�usions. �is is especially relevant in cancer 
patients and has almost certainly driven up the number of 
patients referred for intervention. Other advances include 
medical pleuroscopy, which has placed a traditionally surgi-
cal tool in the hands of physicians, and indwelling pleural 
catheters (IPCs), which have made outpatient e�usion man-
agement a reality.12 Additionally, combination intrapleural 
�brinolytic/DNase  therapy appe ars to have a role in the 
treatment of pleural infection,13 although there is still lim-
ited  experience in its use. �ere is also an increasing num-
ber of pleural-speci�c laboratory and scoring tests which 
will hopefully allow improved disease management across a 
number of conditions.14 Such a proliferation in pleural tech-
niques inevitably requires a similar increase in the variety of 
skills used to master them.

Adding weight to this is established evidence which sug-
gests that pleural procedure selection is better accomplished 
by those with more experience and a narrower scope of 
expertise.15 A 2009 report from the UK’s National Patient 
Safety Agency helped to highlight the dangers associated 
with what were traditionally seen as simple interventions. 
It emphasized the fact that reduced levels of experience 
among  clinicians had contributed to 12 deaths related to 
intercostal drain insertion over a 3-year period, as well as a 
signi�cant number of less severe events.16

BENEFITS OF A PLEURAL SERVICE

It therefore follows that streamlining a hospital's pleu-
ral management into a single service is likely to lead to 
a number of bene�ts. �e �rst—and most important—is 
the improvement in clinical care for patients. Specialized 
practitioners are more likely to be aware of the latest lit-
erature in a particular area, and are more likely to be able 
to maintain procedural skills. From this stems the second 
potential bene�t, relating to training. Pleural procedure 

lists provide a more stable environment in which to 
increase pro�ciencies, which may in turn lead to greater 
con�dence if emergency procedures are required outside 
of routine hours. Further to this, the reduced day-to-day 
exposure to pleural disease which has been previously 
documented among trainees17 may be reliably o�set by the 
use of structured training courses.18 Pleural clinics o�er 
the same bene�ts to history and examination skills, and 
are also o�en the ideal environment to perform pleural 
ultrasound. Drawing together both patients and pleu-
ral clinical expertise has the further bene�t of allowing 
research to be supported more fully.

AIMS OF A PLEURAL SERVICE

Across the world, any two institutions are likely to face sig-
ni�cant di�erences in healthcare structure. �is may apply 
to both funding capabilities and the local pleural patient 
population, which means it is not possible to highlight any 
particular pleural service model as the “ideal.” With this 
in mind, however, there are many aims which may be seen 
as universal. �ese include more focused pleural care in an 
environment conducive to e�ciency, lower costs, improved 
standards, and the training of all health-care professionals 
involved in delivering the service.

SERVICE STRUCTURE

It is important to make an assessment of local factors before 
establishing a new pleural service, particularly with regard 
to whether there are su�cient patients to warrant further 
investment of time and money. If there are not, it may be more 
appropriate to cultivate a system of cross-referral with other 
institutions. Elements of this will be applicable to many ser-
vices, especially those without thoracic surgical facilities.

Recent research has supported the idea that patients with 
a variety of pleural diseases can be safely and e�ectively man-
aged as outpatients,19 as opposed to traditional approaches 
which o�en involve lengthy inpatient admissions. Indeed, 
many of the latest pleural advancements have been geared 
toward encouraging this.20,21 A typical model to use when 
establishing a new pleural service will consequently involve 
the creation of dedicated outpatients’ clinics. �ese should 
have attached facilities for rapid thoracentesis and ultra-
sound, and may also be used to feed routine procedural lists. 
Allowances must be made for both patients and colleagues 
to access the service both quickly and appropriately and this 
may lead to less formal—but more frequent—consultations 
being undertaken away from the clinics. However, those 
adopting such an approach will need to �nd a careful bal-
ance between pure service provision and allowing time for 
research or continuing professional development.
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FINANCES

While creating a pleural service may involve simply stream-
lining existing set ups, the greater likelihood is that a degree 
of �nancial investment will be required. �is may take the 
form of recruiting specialist sta�, developing interorgani-
zation agreements, or purchasing equipment. �ese can 
be envisioned as long-term investments which are likely to 
reap future rewards, especially in reduced inpatient costs. 
Recent advances have been shown to reduce the number 
of inpatient days required to manage many pleural condi-
tions,19,22 and the use of IPCs has been shown to actually 
reduce health-care costs in certain circumstances.23 In some 
countries, this has led to formal recognition that outpatient 
management for �rst-presentation pleural e�usions repre-
sents a new gold standard of care, with preferential tari�s 
being o�ered for such treatment.

ULTRASOUND

�oracic ultrasound is now established as a key aspect of 
pleural disease management, with physician-led practice able 
to both reduce the demands on radiology departments and 
improve waiting times for patients.24 �ere has been such 
a steady move toward nonradiologists performing limited 
scans that ultrasonography is now a mandatory part of pulm-
onology higher specialty training in some countries.25 It has 
also been recognized as a core element of pleural care in respi-
ratory guidelines in both Europe and America,26,27 as well as 
in formal guidelines which have looked to standardize prac-
tice.28 �e well-run pleural service should have either close 
links with the radiology department, or should aim to have 
su�cient physicians trained to be able to o�er timely scans 
to all who need them. It is also vital to ensure that training 
opportunities are available to more junior members of sta�.

�is swing toward using image-guidance for pleural pro-
cedures over recent years has been enabled by the increasing 
portability and availability of ultrasound machines. It has 
been driven, however, by compelling evidence that pleural 
procedures—of all kinds—can be performed more safely,29 
accurately,30 and con�dently31 by practitioners of all levels. 
In addition, the use of thoracic ultrasound can signi�cantly 

enhance diagnostic conviction in the presence of certain �nd-
ings.32 Investment in thoracic ultrasound equipment may also 
be able to bene�t nonpleural care, as devices can o�en also be 
used to aid percutaneous line placement, or can be used for 
basic cardiac and abdominal scans with the correct probes.

ADMINISTRATIVE

Many established pleural services have a high throughput 
of patients and this has the potential to generate a great deal 
of useful data. All pleural services should consider storing 
basic information regarding patient consultations, inter-
ventions, and outcomes in a database, which can become 
an invaluable tool in a number of applications. One of 
these is audit, particularly as local funding now frequently 
relies upon the ability to demonstrate clinical e�ectiveness. 
Moreover, the direction of national research strategies may 
now be determined by large-scale audits and this is espe-
cially true in pleural disease.33 Patient databases, with the 
appropriate ethical approvals, can also be instrumental in 
local or collaborative research activities.

It can also be useful to develop and maintain detailed man-
agement protocols. �ese can be used to ensure both that local 
practices are in line with any relevant national guidelines, and 
that there is up-to-date information easily available beyond 
the pleural service. �e management of all pleural docu-
mentation is likely to be best achieved by a dedicated service 
administrator, although such appointments remain rare.

ELEMENTS OF A PLEURAL SERVICE

�ere are certain specialties and departments which should 
be seen as fundamental to delivering the best possible out-
comes from a pleural service, although, as described earlier, 
there is no de�nitive way in which to structure how they 
may interact. It is o�en possible to maintain close and pro-
ductive relationships despite geographical separation.

�e following may be seen as the core members of a pleu-
ral service, as between them they are likely to have all the 
requisite skills to manage the di�erent aspects of pleural 
disease. A summary of member roles can also be found in 
Table 49.1.

Table 49.1 A summary of the potential roles and responsibilities of those contributing to a pleural service

Team member(s) Potential roles
(Core requirements are highlighted in bold, and are not limited to a single 
team member)

Lead physician • Establish and maintain direction of pleural team
• Liaison between other team members
• Advanced pleural intervention (e.g., medical thoracoscopy, indwelling pleural 

catheter [IPC] insertion and removal, flutter valve insertion for pneumothorax)
• Advanced thoracic ultrasound
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Team member(s) Potential roles
(Core requirements are highlighted in bold, and are not limited to a single 
team member)

Lead physician • Review of inpatient and rapid-access community referrals
• Establish dedicated pleural clinic for other referrals and follow-up
• Establish pleural interventional list
• Teaching and training of other team members and junior ward staff
• Supervision or undertaking of pleural research and audit

Pleural clinical fellow/
Pleural research fellow

• Support lead physician with clinics, lists, referrals, and reviews
• Liaison between other team members
• Advanced pleural intervention
• Standard pleural procedures (aspirations, chest drains, etc.)
• Advanced thoracic ultrasound
• Involvement in pleural research or audit
• Teaching and training of other team members and junior ward staff

Pleural specialist clinical nurse/
Pleural specialist research nurse

• Liaison between other team members 
• Direct patient care
• Maintaining high standards of drain management on wards
• Involvement with advanced pleural intervention
• IPC management on wards and in community
• Intrapleural drug administration
• Involvement in pleural research and audit
• Standard pleural procedures and basic thoracic ultrasound

Cancer specialist nurse/
Palliative care specialist nurse

• Management of IPCs
• Liaison between other team members
• Direct patient care
• Involvement in pleural research and audit
• Continuous point of contact for pleural malignancy patients, especially during 

diagnosis and end of life
Oncologist • Early management of new pleural malignancy patients

• Rapid recognition and referral of malignant pleural effusion patients
• Involvement in pleural research or audit

Palliative care physician • Rapid recognition and referral of malignant pleural effusion patients
• End of life, symptomatic and pain management of pleural patients
• Involvement in pleural research or audit

Thoracic surgeon • Video-assisted thoracoscopic surgery (VATS) for de�nitive diagnostic and 
therapeutic pleural indications

• Other thoracic surgical procedures (e.g., rib resection, open thoracotomy, etc.)
• Insertion of IPCs
• Involvement in pleural research or audit

Histopathologist and
Cytopathologist

• Provide de�nitive/specialist opinion on pleural diagnostic samples
• Enable rapid reporting of potentially malignant disease
• Support use of nonstandard pleural tests, e.g., differential cell count analysis
• Involvement in pleural research or audit

Biochemist and
Immunologist

• Support use of nonstandard pleural tests, e.g., lymphocyte subsets, pleural 
adenosine deaminase (ADA), etc.

• Involvement in pleural research or audit
Chest radiologist/

Interventional radiologist
• Provide de�nitive/specialist opinion on all pleural imaging
• Enable rapid reporting on potentially malignant disease
• Promote the use of nonstandard pleural imaging, e.g., thoracic MRI and PET-CT
• Standard pleural intervention

(Continued)

Table 49.1 (Continued ) A summary of the potential roles and responsibilities of those contributing to a pleural service
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MEDICAL TEAM

A medical specialist will usually form the fulcrum around 
which a pleural team operates. �ey will be the main point 
of contact for referrals and will determine the shape and 
direction of the rest of the service.34 �is role traditionally 
belongs to a pulmonologist but may also be �lled by other 
specialists. Aside from an interest in pleural disease, and 
possibly pleural research, a lead physician should ideally 
have skills in thoracic ultrasonography and advanced pleu-
ral procedures, although close links with other departments 
may make this less important. Additional medical support 
sta�, such as research or clinical fellows, may be able to 
provide support in activities such as clinics, routine proce-
dures, or training.

NURSING STAFF

�e frequent and complex patient interactions required in 
pleural medicine make it an ideal environment for nurses 
to �ourish. �ose with backgrounds in oncology, respira-
tory care, palliative care, or thoracic surgery are o�en best 
placed to act as specialist pleural nurses. �ere may also 
be the opportunity to cultivate less traditional skills such 
as thoracentesis, ultrasonography, or research.35 Recent 
advances, including intrapleural �brinolytics,13 pleural 
irrigation,36 and IPCs have meant that ward care for pleu-
ral patients has moved beyond caring for intercostal drains 
alone. Pleural specialist nurses are ideally placed to either 
lead or train ward-based colleagues to achieve the neces-
sary standards.37

ONCOLOGY AND PALLIATIVE CARE

Oncology and palliative care are two of the main avenues 
through which patients are directed to pleural services. 
�e typical life expectancy of a patient with a new MPE is 
around 4–6 months,38 meaning rapid access and e�cient 
pleural intervention is o�en vital to minimizing disruption 
to quality of life. Oncology and palliative doctors and nurses 
are o�en best placed not only to identify such patients early, 
but also to smooth transitions between services.

THORACIC SURGICAL SERVICES

Many of the skills now practiced by physicians with a pleu-
ral interest were traditionally seen as the domain of thoracic 
surgeons. Although medical pleuroscopy and �brinolytics 
have reduced the number of cases needing surgical manage-
ment, there remain a number of conditions which still rou-
tinely require video-assisted thoracoscopic surgery (VATS) 
or thoracotomy, including �brotic empyema, recurrent 
pneumothoraces, or di�cult pleural biopsies. An accessible 
thoracic surgical team can thus be of great value in ensuring 
suitable patients are managed promptly and successfully.34 
To guarantee this, a regular forum for discussion of cases 
(such as a dedicated cancer multidisciplinary meeting) is a 
vital part of any pleural service.

RADIOLOGY

�e emergence of pleural disease as a distinct subspecialty 
has been simultaneously driven and supported by advances 
in radiology. Techniques such as MRI and PET have lim-
ited but potentially useful roles in some patients, but it is 
the widespread adoption of CT and pleural speci�c con-
trast protocols39 which have genuinely revolutionized pleu-
ral  imaging. Many radiologists also take a leading role in 
imaging-guided interventions and the training of physicians 
in ultrasound. �ey are o�en ideally positioned to both act 
as mentor and provide second opinions in more di�cult 
cases. Furthermore, radiologically guided pleural biopsies 
have been shown to be superior to blind sampling for the 
detection of malignancy,40 and, with reported pick-up rates 
similar to thoracoscopy,41 they can be a genuine alternative 
in those patients in whom a surgical approach is less feasible.

PATHOLOGY SERVICES

Many laboratory specialties play an important part in a suc-
cessful pleural team. �e detection of malignancy in pleural 
�uid is at best 60% sensitive,42 but even this is only achievable 
with highly-trained cytologists, who can also perform more 
specialist tests such as di�erential cell counts. Histological 
samples are more likely to detect malignancy, but in cases of 

Team member(s) Potential roles
(Core requirements are highlighted in bold, and are not limited to a single 
team member)

Pleural team administrator • IPC insertion
• CT- and US-guided diagnostic biopsy
• Support the teaching and training of advanced thoracic ultrasound
• Involvement in pleural research or auditCoordinate day-to-day management of team 

activities
• Maintain clinical or research databases
• Maintain and disseminate pleural-specific protocols and documentation

Source: Adapted from Bhatnagar R, Maskell N, Clin Med, 13, 452–456, 2013.

Table 49.1 (Continued ) A summary of the potential roles and responsibilities of those contributing to a pleural service
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challenging diagnoses like mesothelioma it is recommended 
that those with specialist pleural expertise are enlisted to 
con�rm either presence or absence of disease.43

Biochemistry is crucial to the early management of nearly 
all pleural e�usions, for example, with requests for the compo-
nents of Light’s criteria or adenosine deaminase in the detec-
tion of tuberculous pleuritis. However, other analyses such as 
pleural mesothelin or NT-proBNP have begun to translate 
from the research setting into clinical use, with the likelihood 
being that novel biomarker tests for a whole range of condi-
tions will soon become commonplace in pleural diagnostics.44

CONCLUSION

Pleural services are an excellent example of how close col-
laboration between a large number of distinct hospital 
departments can lead to the betterment of patient care. 
Careful planning and management can enable such services 
to be safer, more clinically e�ective, and more cost e�ective 
than standard nonspecialist care. Pleural services are also 
ideal for supporting the development of nurses and doctors 
of all grades, and have already begun to be pivotal in the 
delivery of the large-scale research studies much needed by 
the pleural community. By mapping the universal aims of 
a pleural service onto local facilities, it should be possible 
to deliver standardized, high-quality care in virtually any 
hospital environment worldwide.
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Future directions in pleural disease

Y.C. GARY LEE AND RICHARD W. LIGHT

KEY POINTS

 ● Pleural medicine is beginning to be recognized as a subspecialty in its own right. 
 ● Many aspects of clinical pleural practices are being evaluated by high quality clinical trials, o�en with patient reported 

outcome measures as endpoints.
 ● Pulmonologists are performing a growing number of pleural interventions. It is crucial to ensure that all pleural 

 procedures are performed safely and to the highest standard.
 ● Despite being an under-resourced �eld, there has been a healthy growth in the quality and quantity of pleural research 

which is likely to extend into the next decade.

INTRODUCTION

Congratulations for arriving at the �nal chapter of this book!
�e �eld of pleural disease includes a diverse range of 

clinical presentations that are both common and important. 
In the past, pleural disease has failed to attract the same level 
of attention and interests as other medical �elds of similar 
importance. �e level of pleural research and the acquisi-
tion of new knowledge o�en lag signi�cantly behind other 
common clinical conditions and pleural disease research is 
considered by many as “outside the mainstream.”1

�e last decade, however, has seen an unprecedented 
amount of new developments and advances in pleural 
disease treatment. Pleural medicine is now regarded as a 
vibrant and �ourishing subspecialty within pulmonology 
in many countries. In the United Kingdom, a record num-
ber of centers now have a pleural service and a nominated 
pleural lead physician. �is is in recognition that pleural 
diseases are complex, and their care is best delivered by a 

pleural specialist familiar with a growing number of avail-
able pleural interventions that require advanced skills and 
expertise.2

�is chapter outlines the exciting developments in pleu-
ral disease research and treatment since the publication of 
the last edition of this text and future areas of growth. We 
also provide our predictions on how pleural disease treat-
ment will evolve over the next couple of decades.

 PLEURAL DISEASE IS COMMON AND 
IMPORTANT

Pleural disease is common in clinical practice. An estimated 
3000 people per million population develop a pleural e�u-
sion each year.3 Pleural diseases encompass a wide range 
of disorders, as pleural involvement complicates most lung 
and systemic disorders. �e proper management of pleu-
ral diseases demands a broad range of clinical knowledge. 
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�e epidemiology of pleural diseases varies  dramatically 
by geographic areas (e.g., TB pleuritis and malignant 
mesothelioma) and by age. New pleural disease entities 
are continually being recognized. For example, immuno-
globulin G4 pleural disease,4 idiopathic pleuroparenchy-
mal  �broelastosis5 and drug-induced e�usions from new 
agents, e.g.,  dasatinib,6 are now �rmly established pleural 
 conditions since the release of the last edition of this book.

It is for all these reasons that pleural disease remains 
a challenging �eld and for which a continuous update of 
knowledge is necessary.

 CLINICAL TRIALS IN PLEURAL 
DISEASES

�e last decade has seen a signi�cant increase in large 
multicenter clinical trials performed in di�erent areas of 
pleural diseases; many have impacted clinical practice. 
�e Multicenter Intrapleural Streptokinase Trial (MIST)-17 
and -28 have disproved the use of intrapleural �brinolytic 
as a sole agent but established the role of combination tPA 
and DNase therapy in pleural infection. �e latter is being 
adopted worldwide and signi�cantly replaces the need of 
surgery. A randomized trial showed that small particle size 
talc induced pulmonary and systemic in�ammation com-
pared with talc preparations with larger median particle 
size,9 establishing the superior safety of the latter, and led 
to termination of use of small particle preparations in many 
countries. Likewise a randomized study showed, in over 
450 patients with malignant pleural e�usions (MPEs), that 
thoracoscopic talc insu�ation o�ered no advantage over 
talc slurry in inducing pleurodesis.10

�e successful completion of these trials and their direct 
impact on clinical care have sparked great enthusiasm in 
employing multicenter randomized studies to investigate 
the role of new therapies as well as to scrutinize conven-
tional practices, many of which have not been tested in 
adequately powered, quality studies.11 Examples of practical 
clinical questions being addressed by ongoing trials include 
the e�ect of size of chest drains on e�cacy of pleurodesis, 
the role of prophylactic radiotherapy to reduce needle-tract 
metastases in mesothelioma, and the need for the evacua-
tion of air in primary spontaneous pneumothorax.

Many older clinical studies in pleural diseases suf-
fered from poor choice of endpoints. Studies on pleurode-
sis, for example, have traditionally used absence of �uid 
on chest radiograph at one month as the endpoint—an 
endpoint with no direct relevance to patient outcomes.12 
It is encouraging to �nd a growing number of studies 
adopting endpoints that are directly relevant to patients. 
�e �erapeutic Intervention for Malignant E�usion 
(TIME)-2 study13 was the �rst large randomized trial 
that used patient-reported outcome measures (PROMs) 
as key endpoints. It showed that the use of an indwelling 

pleural catheter (IPC) provides equivalent improvement in 
breathlessness and quality of life as does  conventional talc 
pleurodesis as �rst-line treatment for MPEs. �e ongoing 
Australasian Malignant Pleural E�usion (AMPLE) ran-
domized trial compares IPC with pleurodesis in reduc-
ing the need of hospital care days in patients’ remaining 
lifespan, an important issue for MPE patients who usually 
have limited prognosis.

Malignant pleural mesothelioma continues to be an 
active area of research and controversies.14 Two landmark 
multicenter trials have shown that surgical resection of 
mesothelioma results in more harm than bene�t. �e 
mesothelioma and radical surgery (MARS) trial15 showed 
that extrapleural pneumonectomy signi�cantly reduced 
patient survival and quality of life; this has led many cen-
ters to stop performing this surgery. �e MesoVATS ran-
domized trial16 also showed that a less aggressive surgery, 
parietal pleurectomy, failed to improve patient survival 
but induced signi�cantly more procedure-related com-
plications. Two large multicenter studies in the United 
Kingdom are being conducted to provide a de�nitive ver-
dict on the use of prophylactic radiotherapy for pleural 
puncture sites in mesothelioma patients, a practice once 
well accepted worldwide.

We anticipate that the number and quality of clinical 
trials in pleural diseases will continue to �ourish. �ey 
will continue to question, challenge, and re�ne clinical 
practice in pleural disease. More emphasis will be placed 
on endpoints that patients and their attending clinicians 
can directly relate to. New therapies will be subjected to 
robust studies before being adopted. �is trend will also 
foster development of large collaborative networks, raise 
interests and pro�les of pleural diseases and research, 
and allow development of large clinical databases and 
biobanks.

 BENCH RESEARCH IN PLEURAL 
DISEASES

�e growth in clinical research in pleural disease is not 
paralleled by comparable increases in basic research of 
pleural pathologies. For example, little research has been 
undertaken in the pharmacokinetics of drug delivery to 
the pleural space. Likewise, despite the fact that genetic 
research is a �ourishing area in modern medicine, there has 
been relatively little work performed on genetic aspects of 
pleural diseases, other than the genetics of mesothelioma 
development.

�e limited amount of translational research using 
cutting-edge technology has yielded interesting promise. 
For example, the application of mesenchymal stem cell for 
pleural malignancy is exciting.17 �e emerging data suggest-
ing a pivotal role of mesothelial cells in inducing subpleu-
ral �brosis seen in idiopathic pulmonary �brosis (IPF) are 
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ground breaking and may revolutionize approaches to IPF.18 
�e biological function of mesothelial cells in health and 
disease remains an important topic worthy of research. �e 
potential use of mesothelial cells as a source of stem cells 
has been suggested. �e role and potential of enlisting the 
mesothelial cells in �ghting illnesses, e.g., bacterial interac-
tions, warrants examination.

An area of high interests in translational pleural research 
is in development of biomarkers. �e successful develop-
ment of clinically useful biomarkers, such as N-terminal 
pro-Brain Natriuretic Peptide for heart failure and meso-
thelin for mesothelioma, fuels the zest for future work.19 �e 
availability of large biobanks of human samples, availability 
of various “OMICs” at a�ordable prices, and the attraction 
of the potential commercialization of �nding useful bio-
markers will likely see further growth in research  activities 
in this area.

 A NEW ERA OF PLEURAL 
INTERVENTIONS

�e goal of managing pleural diseases is always to re�ne 
and develop e�ective and minimally invasive diagnostic 
and therapeutic measures. Recent years have seen pulmo-
nologists replacing thoracic surgeons in providing pleural 
interventions.20 �e mandatory use of bedside ultrasound 
before pleural procedures allows pulmonologists to develop 
a rapid-response pleural service. Medical thoracoscopy, 
now available in many centers, substitutes for thoracotomy 
and surgical thoracoscopy in the workup of undiagnosed 
pleural e�usions. IPCs are increasingly preferred over sur-
gical pleurodesis. Likewise, the use of intrapleural tPA and 
DNase successfully cures >90% of pleural infection; surgical 
decortication is now rarely needed. �e randomized trial 
evidence of harm from surgical resection of mesothelioma 
raises questions about many conventional applications of 
thoracic surgery that had not been evaluated in clinical 
trials.

�e arrival of bedside pleural ultrasonography, pleuros-
copy, IPCs, and new intrapleural therapeutics breeds a new 
generation of interventional pleural specialists. �e inter-
ventional technology has created new appeal for young pul-
monologists to take up pleural disease as their subspecialty. 
Many of these new technologies are still in their infancy 
(or at most adolescent) phase, and provide an exciting new 
niche for research.

Although IPCs have been licensed for use for over a 
decade, research into their bene�ts and best management 
of their complications have emerged only recently. �ere 
are new and exciting approaches to combine the advantages 
of IPCs and pleurodesis. Insertion of IPC followed by talc 
instillation via the catheter is the subject of a multicenter 
(IPC-PLUS) trial. Development of a sclerosant-eluding 
IPC has shown success in animals and awaits testing in 

humans.21 Placement of an IPC following talc poudrage has 
been tested in a pilot study.22 We anticipate further develop-
ment of device technology in �uid drainage and re�nement 
in IPC use (e.g., patient selection) which will be the ongoing 
focus of active research.

Likewise, the growing number of publications in tho-
racic and pleural ultrasonography is likely to continue. 
Newer imaging modalities such as positron emission 
tomography (PET) coupled with exciting novel tracers 
will represent another area of advances. �ese imag-
ing technologies have the ability to impact clinical care. 
PET-guided pleural biopsy, for example, has already 
shown promise and can reduce the need of thoracoscopic 
biopsies.

PLEURAL PROCEDURAL SAFETY

Pleural interventions have signi�cant risks that are o�en 
underestimated. Puncture of underlying organs or inter-
costal artery laceration/hemorrhage is a serious complica-
tion that all pulmonologists have seen. Pain, infection, and 
dislodgment of drains are complications so common that 
many clinicians have taken those as granted. Too o�en seri-
ous adverse events are not reported and considered simply 
as “bad luck” over many decades. However, there is now a 
healthy recognition that many of these complications are 
avoidable and e�ective measures can be taken which can 
dramatically reduce these adverse events. Reports from the 
National Patient Safety Agency (United Kingdom)23 and 
the Mayo Clinic (United States)24 are some of the examples 
that highlight unacceptable complication rates from pleural 
interventions.

In many countries, this has led to routine employment 
of bedside ultrasonography to guide pleural procedures. 
Numerous training programs and courses are run and 
new trainees are often equipped at least with basic skills 
in pleural ultrasounds. An increasing number of centers 
have mandated imaging guidance for all pleural inter-
ventions. Recognition of pleural medicine as a specialty 
and establishing pleural lead clinicians in pulmonol-
ogy  divisions have provided a great opportunity to set 
up educational programs for medical and nursing staff 
to improve pleural procedural safety and aftercare. This 
is  an area that will continue to expand in the coming 
years.

Along the same line, the goal of managing pleural dis-
eases is always to re�ne and develop e�ective and minimally 
invasive interventions. �e advent of pleuroscopy, imaging 
guided pleural biopsies, improved diagnostic yields from 
better histocytological assays, use of IPCs that minimizes 
repeat invasive drainages and intrapleural therapies for 
pleural infection all contribute to this goal. It is likely that 
in the next decade, we will see more innovative measures to 
minimize interventions.
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HURDLES TO PLEURAL RESEARCH

Despite the �ourishing interests in pleural disease in recent 
years, it remains a relatively neglected area, especially rela-
tive to the high prevalence of pleural diseases. In many 
parts of the world, pleural disease is still not recognized as 
a subspecialty in its own right. Patients are o�en managed 
by specialists who are involved with a narrow spectrum of 
the pleural involvement in their own specialty practice and 
who o�en see pleural disease as a “side issue.” For example, 
oncologists are more likely to focus their research in man-
agement of the primary tumors than in malignant e�usion; 
surgeons o�en regard postoperative pleural involvement as 
a nuisance rather than an important morbidity; infectious 
disease specialists caring for patients with pneumonia are 
more interested in selecting the proper antibiotics than 
draining with the parapneumonic e�usion.

Lack of commercial interest and drug company spon-
sorship is a signi�cant disadvantage in pleural research, 
when compared with more “marketable” conditions such 
as chronic obstructive pulmonary disease (COPD). Many 
physicians also view pleural disease (especially malignant 
e�usions) as a terminal event not worthy of research e�orts. 
�e lack of funding and interest results in a lack of good 
research and advances, a vicious cycle that sees pleural 
research continuing to su�er.

�e pleural disease research community lacks a central 
organization to liaise and put together investigators of similar 
interests. �is partly explains the relative lack of large mul-
ticenter collaboration e�orts. �ere exist no pleural disease 
interest groups within the major thoracic societies (e.g., the 
American �oracic Society, European Respiratory Society, 
or �oracic Society of Australia and New Zealand), as there 
are for airways diseases, pulmonary vascular disease, or lung 
�brosis. �ere are no large patient support groups to cam-
paign for awareness and funding. No specialized forum exists 
for researchers in pleural disease to exchange ideas. Unlike 
for asthma or lung cancer, there are no scienti�c publications 
with a focus on pleural disease research.

 TO BRING FORWARD THE FIELD OF 
PLEURAL DISEASE

To improve the clinical practice of pleural disease, �rst and 
foremost we need to increase the awareness among physi-
cians of the signi�cance of pleural diseases, and the con-
sequences of overlooking pleural abnormalities. We are 
delighted to report that many of our recommendations in 
the last edition have come to fruition. First, we suggested 
that more pulmonologists should develop subspecialty inter-
ests in pleural diseases; this indeed is occurring in many 
parts of the world. Another of our suggestions that respi-
ratory trainees must have proven competency in pleural 

procedures is now adopted into many training guidelines. 
In addition, the publication of clinical guidelines such as the 
British �oracic Society Pleural Disease Guidelines25 has 
raised the pro�le of the importance of pleural medicine and 
helped guide patient care. We are heartened that our hope 
of pleural disease being recognized as a specialty, although 
still in its infancy, is gradually maturing.

In the bigger picture, developing a global league of inter-
ested physicians is the best way to raise the pro�le of pleu-
ral disease within the professional communities. Such an 
organization will facilitate the performance of multicenter 
trials and the international databases and biobanks neces-
sary to answer crucial clinical questions. Having regular 
and dedicated forums for discussion of current issues in 
pleural diseases, e.g., regular conferences and publications, 
is most worthwhile. Improving funding and resources for 
pleural disease research is essential to improve its stan-
dards. Programs to raise public awareness will help attract 
research funding. Clinicians should work together with 
basic scientists, as the need to apply the latest technology in 
pleural research cannot be overemphasized.

 OUR PREDICTIONS FOR THE 
EVOLUTION OF PLEURAL DISEASE 
DURING THE FIRST PART OF THE 
TWENTY-FIRST CENTURY

Our �rst prediction is that at least 40% of what is written 
in this book will be proven wrong or at least outdated over 
the next 20 years. �e di�cult aspect is to predict which 
40% is wrong. We readily admit that we are not clairvoyants 
and do not necessarily know any more than do other people 
who are interested in pleural disease. Although authors of 
the clinical chapters have stated their own views about the 
future of their speci�c area of pleural disease, our predic-
tions, albeit with some trepidation, and theirs may di�er. 
Indeed, the two editors do not necessarily agree in our 
predictions.

OVERALL PREDICTIONS

�e incidence of pleural diseases will continue to rise. �is 
is because the general population will live longer and the 
elderly population is more likely to develop diseases associ-
ated with pleural e�usions such as congestive heart failure, 
malignancy, and pneumonia. As medical practice evolves, 
there are more interventions that lead to pleural disease: 
e.g., transthoracic needle aspiration and radiofrequency 
ablation causing pneumothorax, coronary artery bypass 
gra� (CABG) surgery, fertility induction, and pharmaco-
logic agents producing pleural e�usions.

Historically, high pro�le pleural researchers are predom-
inantly based in the United States, from where a large pro-
portion of high-impact clinical studies and basic research 
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on pleural diseases were published. With rising interests in 
pleural disease worldwide and globalization of technology, 
YCGL predicts that pleural research will be more evenly 
distributed around the world. European and Australian 
centers have already taken a lead in many aspects of pleu-
ral disease. It would be encouraging to see the number of 
centers with pleural interests continue to grow around the 
world, such as in Asia.

BASIC SCIENCE PREDICTIONS

 1. �ere will be further increases in the recognition of 
the importance of resident pleural mesothelial cells 
in pleural diseases (e.g., in�ammation, �brosis, �uid 
accumulation). �is contrasts with the focus of previous 
research, which tended to concentrate on cell types that 
are recruited into the pleural cavity, e.g., lymphocytes 
and �broblasts. �e role of mesothelial cells in other 
diseases, especially pulmonary �brosis, will be explored.

 2. Cytokines and their manipulation will provide the 
most immediate areas of advances in understanding 
the pathophysiology of pleural disease. �is area will 
provide the basis for novel treatment options. Advances 
in the knowledge of intracellular signaling mechanisms 
will provide the focus for the next wave of basic  science 
research in pleural disease, though direct clinical 
 bene�ts remain a distant goal.

 3. �e role of genetics has been implicated in many 
diseases, but its impact on pleural conditions, except 
mesothelioma, remains poorly understood. We 
 predict that genetic predisposition will explain at least 
part of the di�erences in individual  susceptibility 
to various pleural diseases, e.g., development of 
 pleural �brosis and mesothelioma a�er asbestos 
 exposure. Pharmacogenetics may also help to explain 
the di�erences in interindividual responses to the 
 treatments of pleural diseases.

 4. �e OMICs will be increasingly applied to pleural 
diseases. �ese tools may help to diagnose the cause of 
pleural e�usions, predict therapeutic responses, and 
patient prognosis.

 5. �e future direction for the management of  pleural 
e�usions lies in targeting pleural �uid formation rather 
than managing the �uid a�er it is formed. RWL predicts 
that the administration of agents such as  nonsteroidal 
anti-in�ammatory drugs (NSAIDs),  cytokines, or their 
inhibitors will lead to decreased  pleural �uid production 
in some disease states.

 6. �ere is an urgent need to elucidate the 
 pharmacokinetics of the pleura: how best to deliver 
pharmacological agents to the pleura in adequate 
concentrations and how to enhance removal of pleural 
substances are important yet unstudied questions.

 7. At present, basic research in mesothelioma accounts 
for a huge proportion of laboratory research in all 
 pleural diseases. With the expected peak and the 

 subsequent decline in the incidence of mesothelioma, 
the  proportion of resources in pleural diseases that goes 
into mesothelioma research will eventually decrease.

 CLINICAL PRACTICE PREDICTIONS

Diagnosis of pleural diseases

 1. �e separation of pleural e�usions into transudates and 
exudates will become history. More biomarkers will be 
developed and provide de�nitive diagnoses.26 �e use 
of NT pro-BNP to establish the diagnosis of congestive 
heart failure is an example.

 2. Advanced imaging techniques, e.g., PET with novel 
tracers, will play increasing roles in guiding procedures 
and evaluating patient prognosis, disease progression, 
and treatment response.

 3. RWL predicts that the causes of many of the  pleural 
e�usions currently labeled as “idiopathic” will 
 eventually be found, and viral infections may account 
for many of these cases.

 Treatment of malignant pleural effusions

YCGL argues that there will be change in approaches toward 
management of malignant pleural e�usions with increasing 
realization of the importance of PROM prioritized as the 
main goals. RWL maintains that in the third millennium, we 
should be able to produce a pleurodesis with more sophisti-
cated agents. YCGL believes that e�orts to stop �uid accumu-
lation should be the ultimate goal. In the interim, re�nements 
will be made in the use of the indwelling catheter with e�orts 
to combine it with pleurodesis attempts. RWL predicts that 
low doses of silver nitrate or iodopovidone will become the 
most common agents for pleurodesis in developing countries 
because they are e�ective, inexpensive, widely available, and 
are associated with tolerable side e�ects.

Management of pneumothorax

 1. RWL predicts that patients who have more than 
minimal pneumothoraces will continue to be treated 
with aspiration or the insertion of a chest tube. YCGL 
predicts that more and more patients will be managed 
with no removal of the pleural air.

 2. RWL predicts that in patients who develop a prolonged 
air-leak, the blood patch technique will become more 
widely used as will the insertion of endobronchial 
valves as alternatives to surgery. �ese procedures will 
most commonly be done on patients who are not good 
operative candidates or who refuse surgery.

Surgery in pleural disease

As discussed in earlier sections in this chapter, the role of 
surgery in pleural diseases will decrease with the advent 
in pleuroscopy, intrapleural therapy for pleural infection, 
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and the use of IPCs. Many surgical practices in pleural 
diseases, such as talc poudrage pleurodesis and aggressive 
surgery for mesothelioma, have failed to show a bene�t 
when subjected to robust clinical trial evaluations. �ese 
evaluations will stimulate further studies to scrutinize 
the role of surgery in other aspects of pleural medicine.

Other pleural effusions

Since the previous edition of this book, it has been shown 
that the administration of colchicine starting on the third 
postoperative day signi�cantly reduces the incidence of 
post-CABG pleural e�usions. Once a patient has devel-
oped a post-CABG pleural e�usion, RWL believes that 
clinical trials are indicated to compare various treat-
ment regimens such as repeated therapeutic thoracente-
sis, NSAIDs, diuretics, and corticosteroids. YCGL argues 
that because most post-CABG e�usions are self-limiting 
with no long-term sequelae; the interests on post-CABG 
e�usions have trickled in recent years and will come to a 
complete halt when RWL retires.
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