
In Western countries, the most common cause is congestive cardiac failure; followed by 
malignancy and pneumonia. Worldwide however, tuberculosis is the leading cause.

Terminology:

Pleuritis / pleurisy denotes inflammation of the pleura and can occur with or without 
significant exudation of fluid into the pleural space. It is a common presentation for a wide 
range of disease processes; from viral syndromes to pneumonia & pulmonary  embolism, 
through to chronic illnesses such as SLE & other connective tissue disorders.

Parapneumonic effusion is a pleural effusion associated with bacterial pneumonia, 
bronchiectasis or lung abscess.

Empyema is pus in the pleural space & requires the presence of bacteria on Gram stain.

Loculated effusion is fluid that is confined and not free flowing in the pleural space.

Pathophysiology:

Under normal circumstances, pleural fluid is produced from systemic capillaries at the 
parietal pleural surface and absorbed into the pulmonary capillaries at the visceral pleural 
surface. Lymphatics are also responsible for removing pleural fluid.

The movement of fluid across the pleural surfaces is governed by Starlingʼs law. The 
biggest influence is the difference in hydrostatic pressure between the systemic and 
pulmonary circulations. 

PLEURAL EFFUSIONS
Under normal circumstances, a thin layer of fluid lies between the visceral 

and the parietal pleura. A pleural effusion implies the presence of an 
abnormally large amount of fluid in the pleural space. 
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52% for treatment of a first recurrence and to 15% for treat-
ment of a second recurrence.25

Recurrences of spontaneous pneumothorax are common. 
The risk of recurrence after a primary spontaneous pneumo-
thorax is approximately one in three, with studies reporting 
rates between 16 and 50%.26 Younger age, lower weight-to-
height ratio, and history of smoking are associated with an 
increased rate of recurrence. Recurrence rates after a second-
ary spontaneous pneumothorax are slightly higher (39–47%).6

Recurrences may be life-threatening for patients with 
serious underlying lung disease, and intervention is advocated 
to prevent recurrence as part of the initial approach to second-
ary spontaneous pneumothorax. In contrast, for patients with 
primary spontaneous pneumothorax, interventions typically 
are not considered until after a second ipsilateral pneumotho-
rax. Preventive treatment also is recommended for patients 
who plan to continue activities such as flying or diving that 
increase the risk of serious complications if a pneumothorax 
recurs. CT can be used in primary spontaneous pneumothorax 
to detect emphysematous changes, predict the likelihood of 
recurrence, and guide intervention decisions.27

A variety of operative and nonoperative interventions 
prevent recurrences. One strategy promotes adherence of  
parietal and visceral pleura, which obliterates the pleural  
space. Pleurodesis can be accomplished by mechanical pleural 
abrasion or by instillation of sclerosing agents. Another strat-
egy involves resection of apical bullae or other lesions at risk 
for causing recurrences. Often the two strategies are com-
bined. Minimally invasive procedures, such as video-assisted 
thoracoscopic surgery, allow for resection of bullae and 
pleurodesis.28 Patients with extensive bullae may require tho-
racotomy for wider visualization of lesions. Success rates are 
generally good, ranging from 86 to 100%.

! PLEURAL INFLAMMATION AND EFFUSION

Perspective

Under normal circumstances, a thin layer of fluid lies between 
the visceral and the parietal pleurae. Pleural effusion implies 
the presence of an abnormally large amount of fluid in the 
pleural space. Pleural effusions are relatively common.29 The 
most common cause of pleural effusions in Western countries 
is congestive heart failure, followed by malignancy, bacterial 
pneumonia, and pulmonary embolism.29 In other countries, 
tuberculosis is the leading cause of pleural effusions. Other 
conditions commonly associated with pleural effusions include 

viral infections of the lung parenchyma or pleura, uremia, 
myxedema, cirrhosis, nephrotic syndrome, ovarian hyper-
stimulation syndrome, collagen vascular diseases (e.g., sys-
temic lupus erythematosus, rheumatoid arthritis), and 
intra-abdominal processes (e.g., acute pancreatitis, subphrenic 
abscess, ascites). Esophageal perforation is a rare but uniquely 
morbid cause of a pleural effusion.

Pleuritis (also referred to as pleurisy) is a nonspecific term 
denoting inflammation of the pleura. Pleuritis can occur with 
or without significant exudation of fluid into the pleural space. 
Pleuritis is a common presentation for a range of disease pro-
cesses, from self-limited viral syndromes to more serious acute 
conditions, such as pneumonia and pulmonary embolism, to 
chronic illnesses, such as systemic lupus erythematosus and 
other connective tissue diseases.

A pleural effusion associated with bacterial pneumonia, 
bronchiectasis, or lung abscess is called a parapneumonic 
effusion. The term complicated parapneumonic effusion refers 
to parapneumonic effusions that require tube thoracostomy  
for their resolution. Empyema (or pus in the pleural space) 
requires the presence of bacteria on Gram’s staining of the 
pleural fluid.

Fluid anatomically confined and not freely flowing in the 
pleural space is termed a loculated effusion. Loculated effusions 
occur when there are adhesions between the visceral and the 
parietal pleurae. Hemothorax and chylothorax (i.e., from 
rupture of the thoracic duct) are special instances of pleural 
effusion that are approached separately.

Pathophysiologic Principles

Pleural fluid is produced from systemic capillaries at the pari-
etal pleural surface and absorbed into pulmonary capillaries at 
the visceral pleural surface. Lymphatics also play an important 
role in removing pleural fluid. Movement of fluid across the 
pleural surfaces is governed by Starling’s law. Under normal 
circumstances, the direction of pleural fluid flow is largely 
governed by the difference in hydrostatic pressure between 
the systemic and the pulmonary circulations (Fig. 75-4). Pleural 
fluid exists in a dynamic equilibrium in which influx equals 
efflux, with approximately 1 L of fluid traversing the pleural 
space in 24 hours. Under normal conditions, the amount of 
fluid that remains in the pleural space is small (∼0.1–0.2 mL/kg 
body weight) and clinically or radiographically undetectable. 
Pleural effusion develops whenever influx of fluid into the 
pleural space exceeds efflux. Numerous disorders can lead to 
formation of a pleural effusion. Pleural effusions classically are 

Figure 75-4. Diagram representing pressures 
involved in formation and absorption of pleural 
fluid. (Modified from Fraser RG, et al: Diagnosis of 
Diseases of the Chest, 3rd ed. Philadelphia, WB 
Saunders, 1988.)
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Pleural effusions accumulate when influx of fluid into the pleural space exceeds efflux.
They are classically  divided into two groups; transudates and exudates according to the 
composition of the pleural fluid.

Massive effusions ( >1.5-2 L) are most commonly associated with malignancy (but also 
CCF and cirrhosis). These may restrict respiratory movement, compress lungs & result in 
intrapulmonary shunting. In rare cases they can cause tension physiology.

Clinical Features:

Symptoms are most often due to the underlying disease process and not the effusion 
itself. Small effusions may be asymptomatic. 

Symptoms:
• Localised pain (or pain referred to the shoulder).
• Pleuritic chest pain (in the setting of pleuritis or pulmonary infarction).

Dyspnoea (usu. with volumes > 500 mL).
• May have viral prodrome.
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pleura, disrupting normal membrane permeability. Malignant 
effusions are the second most common form of exudative effu-
sion and often reflect alterations in pleural permeability and 
problems with lymphatic drainage. Exudative effusions also 
may arise in response to inflammatory abdominal processes, 
such as pancreatitis or subphrenic abscess, presumably owing 
to altered permeability of the diaphragm itself. Exudative 
effusions may be reabsorbed or organize into fibrous tissue, 
resulting in pleural adhesions.

Some pleural effusions can present as either transudates or 
exudates or may have characteristics of both. In the case of 
pulmonary embolism, the pathogenesis of pleural effusion is 
often multifactorial, reflecting increased pulmonary vascular 
pressure (a transudative process) and ischemia and breakdown 
of the pleural membrane (an exudative process).

Massive effusions (>1.5–2 L) are most commonly associated 
with malignancy but also can arise in the setting of congestive 
heart failure, cirrhosis, and other conditions. Massive effusions 
may restrict respiratory movement, compress the lungs, and 
result in intrapulmonary shunting. In extremely rare cases, 
tension hydrothorax can develop, with mediastinal shift and 
circulatory embarrassment.

Clinical Features

Symptoms associated with pleural effusion are most often due 
to the underlying disease process and not the effusion itself. 
Small pleural effusions can be entirely asymptomatic. A new 
pleural effusion may be heralded by localized pain or pain 
referred to the shoulder. Viral pleuritis and pulmonary infarc-
tion commonly are associated with pleuritic chest pain. When 
the volume of pleural fluid reaches 500 mL, dyspnea on exer-
tion or at rest may occur as a result of compromised pulmonary 
function.

The patient’s history often helps to establish the diagnosis 
for pleural effusion or pleural inflammation. A history of con-
gestive heart failure, liver disease, uremia, or malignancy can 
direct subsequent evaluation. The pain of viral pleuritis usually 
is preceded by several days of a typical viral prodrome, with 
low-grade fever, sore throat, and other upper respiratory or 
constitutional symptoms. In the absence of such prodromal 
symptoms, an alternate etiology for pleuritis such as pulmo-
nary embolism must be sought.

Physical findings depend on the size of the effusion but are 
often either dominated or obscured by the underlying disease 
process. Classic physical signs of pleural effusion include 
diminished breath sounds, dullness to percussion, decreased 
tactile fremitus, and occasionally a localized pleural friction 
rub. The simple technique of auscultatory percussion (i.e., 
percussing the chest while listening for a dullness with the 
stethoscope) may be even more sensitive and specific for the 
physical diagnosis of pleural effusion. Egophony and enhanced 
breath sounds can often be appreciated at the superior border 
of the effusion because of underlying atelectatic lung tissue. 
In the setting of pleuritis, a pleural friction rub may be appreci-
ated. With massive effusions, signs of mediastinal shift may be 
present.

Chest radiography confirms the clinical suspicion of pleural 
effusion and occasionally reveals a pleural effusion as an inci-
dental finding. The classic radiographic appearance of a pleural 
effusion is blunting of the costophrenic angle on the upright 
chest radiograph. On a frontal (anteroposterior or posteroante-
rior) projection, a volume of 250 to 500 mL of pleural fluid is 
required before radiographic demonstration is possible. A 
lesser amount of fluid may be visible in the posterior costo-
phrenic gutter on a lateral projection. With larger effusions, 
the hemidiaphragm is obscured, and an upwardly concave 

Transudates
Congestive heart failure
Cirrhosis with ascites
Nephrotic syndrome
Hypoalbuminemia
Myxedema
Peritoneal dialysis
Glomerulonephritis
Superior vena cava obstruction
Pulmonary embolism

Exudates
Infections
Bacterial pneumonia
Bronchiectasis
Lung abscess
Tuberculosis
Viral illness
Neoplasms
Primary lung cancer
Mesothelioma
Pulmonary/pleural metastases
Lymphoma

Connective Tissue Disease
Rheumatoid arthritis
Systemic lupus erythematosus

Abdominal/Gastrointestinal Disorders
Pancreatitis
Subphrenic abscess
Esophageal rupture
Abdominal surgery

Miscellaneous
Pulmonary infarction
Uremia
Drug reactions
Postpartum
Chylothorax

BOX 75-2 CAUSES OF PLEURAL EFFUSION

divided into two groups—transudates and exudates—according 
to the composition of the pleural fluid (Box 75-2).

Transudates are essentially ultrafiltrates of plasma, contain-
ing very little protein. A transudative effusion develops when 
there is an increase in the hydrostatic pressure or decrease in 
the oncotic pressure within pleural microvessels. The primary 
cause of increased hydrostatic pressure is congestive heart 
failure, which is responsible for about 90% of transudative 
effusions. In hepatic cirrhosis and nephrotic syndrome, 
increased hydrostatic pressure is combined with loss of plasma 
oncotic pressure because of significant decreases in serum 
albumin. Patients with severe malnutrition may develop  
transudative effusions resulting from severe isolated 
hypoalbuminemia.

Exudates contain relatively high amounts of protein, reflect-
ing an abnormality of the pleura itself. An exudative effusion is 
the result of increased membrane permeability or defective 
lymphatic drainage. Any pulmonary or pleural process associ-
ated with inflammation can result in an exudative effusion. In 
the absence of clinically apparent effusion, pleuritic symptoms 
may still be present. The most common form of exudative 
effusion is a parapneumonic effusion, in which infection of the 
adjacent lung elicits an intense inflammatory response in 

Transudates:

• Ultrafiltrates of plasma.
• Very little protein.
• Result from increased hydrostatic 

pressure or decreased oncotic 
pressure within pleural micro-vessels.

• CCF (90% of transudates) results from 
increased hydrostatic pressure; whilst 
cirrhosis & nephrotic syndrome result 

Exudates:

• Relatively high amounts of protein.
• Result from pleural abnormality.
• Results from increased membrane 

permeability or defective lymphatic 
drainage.

• Often associated w/ inflammation (eg. 
parapneumonic). 

• Can result from sub-diaphragmatic 
inflammatory pathology (eg. 
pancreatitis)

Mixture:

• eg. Pulmonary embolism (increased 
pulmonary vascular pressure = 
transudate, ischaemia and pleural 
breakdown = exudate).



Signs: (Depend on the size of the effusion)
• Diminished breath sounds
• Dullness to percussion
• Decreased tactile fremitus.
• Pleural friction rub.

Diagnostic Strategies:

Radiology:

• CXR:
• Confirms the Dx & occasionally reveals 

incidental effusions.
• Blunting of the costophrenic angle on 

upright x-rays.
• ~250-500mL required to show on CXR.
• In large effusions, obscure diaphragms 

and lead to meniscus formation.
• Can extend into fissures (& can loculate).
• Gravitates to dependent locations.

• CT-CHEST:
• helpful for localised effusions

• Ultrasound:
• Additional assistance in guiding thoracentesis & reduce complications.

Laboratory Studies:

• Pleural Fluid Evaluation:

Evidence of mediastinal shift may be 
present with massive effusions.

NB: Pulmonary embolism is the most commonly overlooked disorder in the workup 
for pleural effusion (*Dyspnoea usually out of proportion to size of effusion).
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meniscus may be seen because pleural fluid has a tendency to 
layer higher laterally than centrally. Pleural fluid can extend 
up a major fissure and appear as a homogeneous density in the 
lower two thirds of the lung field. Massive pleural effusion can 
appear as a totally opacified hemithorax.

In the recumbent patient, free pleural fluid gravitates  
superiorly, laterally, and posteriorly and may not be clearly 
discernible on a supine radiograph. If the effusion is large 
enough, diffuse haziness or partial opacification of a hemitho-
rax may be seen. Other findings on the supine radiograph may 
include apical capping, obliteration of the hemidiaphragm, and 
a widened minor fissure. The radiographic appearance of 
pleural effusions can be confusing. Subpulmonic effusions 
(fluid collections between the lung base and the diaphragm) 
can be difficult to diagnose, often simulating an elevated 
hemidiaphragm. Clues to the presence of a subpulmonic effu-
sion include shifting of the apparent dome of the diaphragm 
toward the lateral chest wall and, when located on the left side, 
an increase in the distance between the gastric bubble and 
aerated lung. Fluid that loculates in a fissure may take on a 
fusiform appearance and can simulate a mass (Fig. 75-5). Such 
“fluid pseudotumors” are common in patients with congestive 
heart failure.

Other imaging techniques, such as ultrasound and CT, may 
be helpful in localizing effusions and characterizing underly-
ing lung processes.30 Ultrasound is particularly helpful, because 
it can be used to guide thoracentesis and decrease the risk of 
complications, particularly in the case of small or loculated 
effusions.31 Sonographically, pleural effusion is demonstrated 
by the appearance of hypoechoic fluid located above the dia-
phragm with loss of the usual mirror-image artifact. Pleural 
effusions smaller than 500 mL, however, can be missed with 
bedside radiography.32

Pulmonary embolism is the most commonly overlooked  
disorder in the workup of a pleural effusion, and any patient 
with an undiagnosed pleural effusion should be evaluated for 
possible pulmonary embolism.33 Pleural effusion resulting 
from pulmonary embolism usually occupies less than one third 
of the hemithorax, but dyspnea is frequently out of proportion 
to size.

An unexplained pleural effusion requires further investi-
gation. Unless required to rule out an immediately life- 
threatening condition such as empyema or hemothorax, pleural 
fluid evaluation may be deferred to an inpatient or outpatient 

Figure 75-5. Radiographs of pleural 
effusion along major and minor 
fissures.

Pleural fluid is considered an exudate if one or more of the 
following hold true:

1. Pleural fluid protein level: serum protein level >0.5
2. Pleural fluid lactate dehydrogenase (LDH) level: serum 

LDH level >0.6
3. Pleural fluid LDH level >2

3  × (upper limit of normal for 
serum LDH level)

BOX 75-3 LIGHT’S CRITERIA FOR DIFFERENTIATING TRANSUDATES 
FROM EXUDATES

From Light RW, et al: Pleural effusions: The diagnostic separation of 
transudates and exudates. Ann Intern Med 77:507, 1972.

setting. The primary goal of pleural fluid analysis is to distin-
guish between transudative and exudative effusions. The 
presence of a transudate suggests an underlying process (e.g., 
congestive heart failure, nephrotic syndrome), whereas the 
presence of an exudate mandates a more extensive diagnostic 
evaluation. Although numerous alternative measurements are 
proposed, Light’s criteria remain a widely accepted means of 
differentiating transudates and exudates (Box 75-3).34

In the presence of an exudative effusion, additional pleural 
fluid analyses further classify the effusion. A pleural fluid pH 
of less than 7.3 is associated with parapneumonic effusions, 
malignancies, rheumatoid effusions, tuberculosis, and sys-
temic acidosis. A pH of less than 7.0 strongly suggests empyema 
(or esophageal rupture). A pleural fluid pH of less than 7.0 and 
glucose less than 50 mg/dL are reasonable indications for tube 
thoracostomy.35

Normal pleural fluid contains less than 1000 white blood 
cells/mm3; exudative pleural fluid may contain over 10,000 
white blood cells/mm3. Although the absolute cell count has 
limited diagnostic value, a predominance of neutrophils sug-
gests an acute process, such as pneumonia, pulmonary embolus, 
or acute tuberculous pleuritis. A predominance of monocytes 
or lymphocytes suggests a more chronic process, such as  
malignancy or established tuberculosis. Pleural fluid from  
any patient with an undiagnosed exudative pleural effusion 
should undergo Gram’s staining and culture for bacteria 
(aerobic and anaerobic), mycobacteria, and fungi.

Lightʼs Criteria distinguishes 
transudate vs exudate. 



Pleural pH < 7.3 is associated w/ 
• Parapneumonic effusions
• Malignancies
• Rheumatoid effusions
• TB
• Systemic acidosis.

All exudative pleural effusions should under Gram-staining and Culture.
In the absence of a traumatic tap; bloody fluid suggests trauma, neoplasm or pulmonary 
infarction; which should prompt for fluid to be sent for cytology.

 
Management:

• In patients with large effusions, urgent therapeutic thoracentesis may stabilise respiratory 
and circulatory status. 

• The presence of empyema mandates insertion of a chest tube to drain the pleural space.
• Haemothorax requires tube thoracostomy to quantify bleeding.

• > 200mL/hr = consideration of thoracotomy. 
• Transient hypoxia (from VQ mismatch) usually occurs following drainage of large pleural 

effusions.
• Re-expansion pulmonary oedema rarely occurs (even when > 1500mL drained)
• Hypotension is also another rare occurrence (usually in volume depleted patients)

• Analgesia:
• NSAIDS & opiates.

• CXR should always be repeated after thoracentesis.
• Large & recurrent effusions may be appropriate for pleurodesis procedures. 

pH < 7.0 strongly suggests:
• Empyema
• Oesophageal rupture
• Need for tube thoracostomy. 

Parapneumonic effusions contribute significantly to the morbidity and mortality of 
pneumonia & its presence should mandate admission. Earlier drainage results in 

shorter hospital stay


