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Summary
Background: Pleural effusion is common in routine medical practice and can be due to many different underlying diseases. 
 Precise differential diagnostic categorization is essential, as the treatment and prognosis of pleural effusion largely depend on 
its cause. 

Methods: This review is based on pertinent publications retrieved by a selective search in PubMed and on the authors’ personal 
experience. 

Results: The most common causes of pleural effusion are congestive heart failure, cancer, pneumonia, and pulmonary embo -
lism. Pleural fluid puncture (pleural tap) enables the differentiation of a transudate from an exudate, which remains, at present, 
the foundation of the further diagnostic work-up. When a pleural effusion arises in the setting of pneumonia, the potential devel-
opment of an empyema must not be overlooked. Lung cancer is the most common cause of malignant pleural effusion, followed 
by breast cancer. Alongside the treatment of the underlying disease, the specific treatment of pleural effusion ranges from 
 pleurodesis, to thoracoscopy and video-assisted thoracoscopy (with early consultation of a thoracic surgeon), to the placement 
of a permanently indwelling pleural catheter. 

Conclusion: The proper treatment of pleural effusion can be determined only after meticulous differential diagnosis. The range of 
therapeutic options has recently become much wider. More data can be expected in the near future concerning diagnostic test-
ing for the etiology of the effusion, better pleurodetic agents, the development of interventional techniques, and the genetic 
background of the affected patients. 
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P leural effusion, the pathological accumulation of 
fluid in the pleural space, is very common. It can 
be estimated, on the basis of registry data from 

the United States, that some 400 000 to 500 000 per-
sons per year in Germany suffer from this condition 
(precise German figures are unavailable). Its causes 
vary widely, ranging from fairly harmless effusions 
 accompanying viral pleuritis to prognostically highly 
relevant ones due to congestive heart failure or cancer. 
Patients with a non-malignant pleural effusion have a 
one-year mortality in the range of 25% to 57% (1). The 
need to treat a pleural effusion and the therapeutic op-
tions for it are largely a function of its cause, which 
thus needs to be precisely determined in every case. 
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Learning objectives
This article should enable the reader, whatever his or 
her medical specialty, to:

● name the potential causes and differential diag-
noses of pleural effusion;

● know the most important steps in the diagnostic 
evaluation, depending on the likely cause; and 

● gain an overview of the current therapeutic 
 options.

Physiology and pathophysiology
Both the visceral and the parietal pleura play an impor -
tant role in fluid homeostasis in the pleural space. The 
mean rate of both the production and the absorption of 

The incidence of pleural effusion
It can be estimated, on the basis of registry data from the 
United States, that some 400 000 to 500 000 persons per year 
in Germany suffer from pleural effusion.

The spectrum of causes
The causes of pleural effusion vary widely, ranging from fairly 
harmless effusions accompanying viral pleuritis to prognosti-
cally highly relevant ones due to congestive heart failure or 
cancer.
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pleural fluid is normally 0.2 mL/kg/hr, which implies 
that the entire volume of the pleural fluid normally 
turns over within one hour (2). The parietal side of the 
pleura accounts for most of the production of pleural 
fluid, and for most of its resorption as well. Pleural ef-
fusion due to left-heart failure is an exception to this 
rule, in which the fluid comes from the visceral pleura. 
The volume of the pleural fluid is determined by the 

balance of the hydrostatic and oncotic pressure differ-
ences that are present between the systemic and pul-
monary circulation and the pleural space (2). Pleural 
fluid is resorbed via lymphatic vessels in the parietal 
pleura. The flow in these vessels can increase by a fac-
tor of 20 if more than the usual amount of pleural fluid 
is produced; thus, the pleural lymphatic resorbing 
 system has a large reserve capacity. In health, the 
 production and resorption of pleural fluid are at equilib-
rium. A pleural effusion represents a disturbance of this 
equilibrium, probably because of both increased pro-
duction and decreased resorption. Low oncotic pressure 
(e.g., in hypoalbuminemia), elevated pulmonary 
 capillary pressure, increased permeability, lymphatic 
obstruction, and diminished negative intrapleural pres -
sure are all pathophysiological components that lead to 
the clinically relevant and distinguishing features of a 
pleural effusion—transudate vs. exudate. 

Clinical presentations
The presenting manifestations of pleural effusion are 
largely determined by the underlying disease (Table 1). 
Many patients have no symptoms that can be traced 
solely to the effusion itself. Such symptoms, if present, 
reflect an inflammatory response of the pleura, a re-
striction of pulmonary mechanics, or a disturbance of 
gas exchange. 

The most common symptom arising from a pleural 
inflammatory response is pleuritic pain, which is 
 mediated by the parietal pleura (the visceral pleura 
contains no nociceptors or nociceptive nerve fibers). 
The pain is usually felt in the region of the pathologi-
cal abnormality, and it is often linked to the 
 respiratory cycle. Such localized pleuritic pain im-
proves or disappears as soon as a pleural effusion 
arises. Some patients describe a diffuse, painful sen-
sation of pressure in the chest—particularly when the 
pathological process directly involves the parietal 
pleura, e.g., in the case of a pleural empyema, a pri-
mary malignant tumor, or pleural carcinomatosis. 
Pleural effusions in these situations are usually of the 
exudative type. 

The most common symptom of pleural effusion is 
dyspnea. The severity of dyspnea is only loosely cor-
related with the size of the effusion (3). Large pleural 
effusions take up space in the chest that is normally 
filled by pulmonary parenchyma and are thus associ-
ated with a diminution of all lung volumes. Nor do the 
lung volumes immediately change when a pleural ef-
fusion (even a large one) is drained. The rapid clinical 
improvement of dyspnea after a pleural effusion is 

Dyspnea
The most common symptom of pleural effusion is dyspnea. 
The severity of dyspnea is only loosely correlated with the size 
of the effusion.

Clinical presentation
The presenting manifestations of pleural effusion are largely 
determined by the underlying disease. Congestive heart failure 
is the most common cause.

TABLE 1

The most common causes of pleural effusion*

* Characterization by Light criteria and clinical features (after Refs. 8, 14, 28)

Congestive 
heart failure

Cancer

Bacterial 
pneumonia

Pulmonary 
embolism

transudate

exudate

exudate

transudate
or exudate

– history of heart disease
 – edema, hypoxia

– history of cancer 
(lung, breast; lymphoma)

– intrathoracic mass

– cough
– fever
– infiltrate

– dyspnea
– immobilization
– pleuritic chest pain

Figure 1: Chest x-ray of a 59-year-old woman with a left-sided pleural effusion. Further work-
up revealed a pleural mesothelioma as the cause. 
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drained probably reflects the transition to a more 
 favorable length-tension curve of the respiratory 
muscles, particularly the diaphragm (3).

Some patients complain of a dry cough, which can 
be explained as a manifestation of pleural inflam-
mation or lung compression due to a large effusion. 
Pleural effusions can also markedly impair the quality 
of sleep (4).

The importance of the clinical history
After the initial determination that either a unilateral 
or a bilateral pleural effusion is present, the clinical 
history is very important. The patient should be asked 
about respiratory infections in the recent past, fever, 
weight loss, and malaise. The temporal course is 
highly relevant as well: Did the symptoms arise 
rapidly or over a longer time, perhaps over several 
weeks? What other, chronic illnesses does the patient 
have? Information about any history of heart disease is 
essential, as congestive heart failure is the commonest 
cause of bilateral pleural effusion. Some 75% of pa-
tients with pulmonary embolism and pleural effusion 
complain of pleuritic chest pain (5). The final impor -
tant components of the clinical history are the drugs 
currently taken and any prior exposure to asbestos. 

Physical examination
The breath sounds are uni- or bilaterally diminished or 
absent at the bases, and there is basal dullness to per-
cussion. Tachypnea may be present if the effusion is 
large. A pleural rub can sometimes be heard in the in-
itial stage of a parapneumonic effusion. In clinical 
practice, the determination whether a pleural effusion 
is uni- or bilateral is generally made from a chest 
x-ray. The history and physical examination serve as a 
guide to further testing and can often suggest with 
high accuracy whether a transudate or an exudate is 
present. If, for example, the patient displays the clini-
cal signs of congestive heart failure, with peripheral 
edema, tachycardia, a third heart sound, distended 
neck veins, and bilateral dullness to percussion at the 
lung bases, then a pleural effusion of cardiac origin is 
highly likely, and we are thus probably dealing with a 
transudate rather than an exudate. In this situation, a 
diagnostic pleural tap can generally be dispensed with, 
and the treatment of the underlying illness is the main 
consideration. 

If the examination reveals ascites in a patient with 
known hepatic cirrhosis along with evidence of a 
 bilateral pleural effusion, hepatic hydrothorax is 
likely. 

Chest x-ray
In clinical practice, the determination whether a pleural 
 effusion is uni- or bilateral is generally made from a chest 
x-ray.

Lung volumes
Large pleural effusions take up space in the chest that is 
 normally filled by pulmonary parenchyma and are thus 
 associated with a diminution of all lung volumes.

TABLE 2

The differential diagnosis of pleural effusion depending on type
(transudate or exudate) (after Refs. 5, 8, 28)

Transudate

Congestive heart failure

Hepatic cirrhosis

Nephrotic syndrome

Pulmonary embolism

Myxedema

Sarcoidosis

Exudate

Cancer

Infection in pleural space

Pulmonary embolism

Gastrointestinal disease

Rheumatic disease, vasculitis

Lymphangioleiomyomatosis 

Langerhans cell granulomatosis

Meigs syndrome

Drugs

Radiation-induced

Hematothorax

Chylothorax  
(not covered in this review!)

often bilateral

hepatic hydrothorax

hypoalbuminuria

exudate also possible

rare

rare

pleural metastasis 
lung cancer 
breast cancer

mesothelioma

parapneumonic, i.e., accompanying pneu-
monia (community-acquired or nosocomial)

empyema

tuberculosis

transudate also possible

pancreatitis

intra-abdominal abscess

esophageal perforation

rheumatoid arthritis

systemic lupus erythematosus

Sjögren syndrome

amyloidosis

granulomatosis with polyangiitis  
(Wegener disease)

systemic sclerosis

chylous fluid obtained by puncture
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The situation is different when unilateral dullness to 
percussion points to a likely unilateral pulmonary effu-
sion. The differential diagnosis is often difficult in such 
cases, and the probability of an exudate is much higher.

The causes of pleural effusion 
Pleural effusion has a wide differential diagnosis. Its 
most common causes are congestive heart failure, 
cancer, pneumonia, and pulmonary embolism. A delayed 
etiological diagnosis can be associated with markedly 
higher morbidity and mortality, e.g., if the patient devel-
ops a pulmonary empyema on the basis of a parapneu-
monic effusion. The degree of prognostic relevance of a 
pleural effusion ranges all the way from innocuous (as 
when a pleural effusion is an accompanying radiological 
finding in a patient with viral pneumonia) to very serious 
(as in pulmonary embolism with secondary effusion 
formation, a diagnosis that is not infrequently missed). 

Non-malignant pleural infusions are not infre-
quently indicators of a poor prognosis in patients 
with cardiac, renal, or hepatic failure, with a one-year 
mortality of 57%, 46%, and 25%, respectively (1).

A number of rarer diseases can be associated with 
pleural effusion, almost always of the exudative type. 
30–50% of patients with systemic lupus erythemato-
sus have a pleural effusion (“polyserositis”). Pleural 
effusion is also not infrequently seen in patients 
 suffering from granulomatosis with polyangiitis 
 (Wegener disease), rheumatoid arthritis, and 
 Langerhans-cell granulomatosis (5).

21% of patients suffering from idiopathic and 
 familial pulmonary hypertension (iPAH und fPAH) 
have a pleural effusion, mostly unilateral (6). 

One of the more common causes of unexplained 
pleural effusion is pulmonary embolism. 20–55% of 
patients with pulmonary embolism have a pleural ef-
fusion. The frequency of pleural effusion in pulmon-
ary embolism is correlated with the severity of the 
embolism and with the occurrence of pulmonary in-
farction. Clinically, these patients are characterized 
by an apparent discrepancy between the volume of 
the effusion, which is often not very large, and the 
 severe accompanying dyspnea (7).

An attempt is generally made to trace an unex-
plained pleural effusion to a single cause. In view of 
the aging of the population and the correspondingly 
increasing prevalence of multimorbidity, a pro -
spective observational study was carried out to 
 investigate the question of monocausality of pleural 
effusions. Bintcliffe et al. found that 70% of 126 
 patients with a pleural effusion did, indeed, have a 
single cause for it, but 30% had more than one cause. 
Multifactorial pleural effusion can present a diag-
nostic and therapeutic challenge (8) (Tables 1 and 2).

Drugs, too, can cause pleural effusion. Some that 
have been identified as causes include nitro  furantoin, 
dantrolene, methysergide, amiodarone,  interleukin-2, 
procarbazine, methotrexate, clozapine, phenytoin, 
and beta-blockers. Physicians  suspecting pleural ef-
fusion caused by a drug can consult www.pneumo
tox.com for further useful  information.

Imaging techniques
If a pleural effusion is suspected, a chest x-ray should 
be obtained (Figure 1) (9). A postero-anterior view 
 reveals effusions of volume 200 mL or larger, a lateral 
view effusions of volume 50 mL or larger. A lateral 
 decubitus view can be used to confirm the free flow of 
the effusion around the lung. 

Chest ultrasound is very useful (10) and is better than 
computerized tomography (CT) at revealing pleural 
septa. This is especially important if multiple punctures 
are needed. Ultrasound-assisted pleural puncture 
markedly lowers the risk of iatrogenic pneumothorax, 
with an odds ratio of 0.3 (95% confidence interval [0.2; 
0.7] (11, 12). Ultrasound is particularly helpful for criti-
cally ill or ventilated patients in the supine position—a 
situation in which chest x-ray is less sensitive (13).

Chest CT reveals pleural effusions that cannot be 
seen on conventional chest x-rays. It can distinguish 
pleural fluid from pleural tissue proliferation, and it 
provides clues to the potential causes of the effusion 
(pneumonia, cancer, pulmonary embolism). If  possible, 
it should be performed after an initial puncture with 

Imaging studies
If a pleural effusion is suspected, a chest x-ray should be 
 obtained. Chest ultrasound is better than computerized 
 tomography (CT) at revealing pleural septa.

Multimorbidity
In view of the aging of the population and the correspondingly 
increasing prevalence of multimorbidity, pleural effusions often 
have more than one cause.

BOX

The Light criteria (19) for differentiating a 
transudate from an exudate
A pleural effusion is an exudate if at least one of the 
 following criteria is met:
– protein concentration in effusion divided by serum 

 protein concentration >0.5
– lactate dehydrogenase (LDH) concentration in effusion 

>200 IU
– LDH concentration in effusion divided by serum LDH 

concentration >0.6
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drainage of the effusion, because the effusion itself 
may hide relevant underlying pleural and pulmonary 
pathology. Chest CT with contrast is particularly use-
ful in the diagnosis of pleural empyema and the de-
limitation of lung abscesses. Imaging criteria for dis-
tinguishing benign from malignant pleural changes 
have been prospectively validated (9), but chest CT 
cannot be used to distinguish pleural  carcinosis from 
mesothelioma. 

Indications for thoracentesis
A diagnostic puncture of a pleural effusion to obtain a 
small quantity of fluid (ca. 50 mL) is always indicated 
when the cause of the effusion is unclear. Puncture to 
obtain larger volumes is indicated to relieve effusion-
related symptoms, such as dyspnea (9, 10). Timely 
 thoracentesis or the insertion of a pleural drain is 
necessary if a pleural effusion is large and leads to 
 respiratory or cardiac decompensation. An effusion in a 
patient with pneumonia should be tapped to rule out 
pleural empyema (14, 15).

Patients with bilateral pleural effusions do not al-
ways need to have a diagnostic or therapeutic tap; 
rather, any underlying disease that has been identified 
(congestive heart failure, nephrotic syndrome, etc.) 
should be treated. A diagnostic puncture is indicated if 
the patient has pleuritic chest pain, symptoms that are 
out of proportion to the size of the effusion, or an un-
explained lack of response to treatment (9). 

The puncture should be carried out under ultras -
onographic guidance (10, 12). 

The risk of iatrogenic pneumothorax after thoracen-
tesis is 0.61–6.0 %. It is recommended that the patient 
be closely observed for 1–4 hr after the intervention, 
as pneumothorax usually becomes clinically evident 
during this time. For the same reason, a chest x-ray is 
generally not needed after thoracentesis as long as no 
new symptoms arise (11)

The tapping of pleural effusions under ultrasonic 
guidance plays an important role in intensive-care 
medicine, particularly in intubated and ventilated 
 patients and for the diagnostic evaluation of smaller 
effusions of unknown cause (13)

Puncture for pleural effusion
Except in emergency situations (marked dyspnea, sus-
pected pleural empyema), punctures for pleural effu-
sion should be carried out during normal working 
hours, because punctures at other times are associated 
with higher procedure-related risks (pneumothorax, 
 infection) (10). 

Punctures or drain insertions that do not have to be 
performed on an emergency basis should be carried out 
in the setting of an INR that is less than 1.5. A  current 
chest x-ray should be available, and the intervention 
should be performed under ultrasonographic guidance. 

The puncture is performed under aseptic technique, 
generally with a 21-gauge needle and a 50 mL syringe 
outfitted with a three-way stopcock. Commercially 
available systems are helpful (10).

If pH measurement is indicated, a heparinized 
blood-gas syringe is used, which is kept closed until 
the measurement. The removed fluid is divided into 
aliquots for microbiological (5 mL), biochemical 
(2–5 mL), and cytological (20–40 mL) analysis. 
Blood-culture bottles increase the sensitivity for the 
detection of bacterial pathogens, especially 
 anaerobes. Sending pleural fluid in blood-culture 
bottles is not recommended for the detection of 
 Mycobacterium tuberculosis (16).

Analysis of the pleural fluid
Macroscopic appearance
The gross appearance of the fluid may already provide 
clues to the diagnosis. Milky fluid is typical of chylo-
thorax, pus is proof of empyema, and a bloody effusion 

Decompensation 
Timely thoracentesis or the insertion of a pleural drain is 
necessary if a pleural effusion is large and leads to respiratory 
or cardiac decompensation. 

Diagnostic puncture
A diagnostic puncture of a pleural effusion to obtain a small 
quantity of fluid (ca. 50 mL) is always indicated when the 
cause of the effusion is unclear. 

TABLE 3

Pleural puncture: the analysis of pleural effusion fluid (modified from ref. 9) 

EDTA, ethylenediaminetetraacetate; M., Mycobacterium; PCR, polymerase chain reaction

Recommended tests for any diagnostic pleural puncture

Lactate dehydrogenase (LDH)  
and protein

Microscopy and culture

Cytology, differental blood-cell count

Recommended tests in case of particular clinical suspicion

pH

Glucose

Acid-fast bacilli; 
culture for M. tuberculosis; PCR

Triglycerides and cholesterol

Amylase

Hematocrit

3–5 mL; blood drawing in parallel as per  
 Light criteria

5 mL; aerobic/anaerobic blood culture flasks 
where indicated

remaining volume of punctate

suspected infection despite non-purulent 
 effusion; in a heparinized blood-gas syringe

suspected rheumatic disease

30–50 mL; suspected tuberculous pleuritis; 
untreated fluid, not in a blood-culture flask

chylothorax

pancreatitis

hematothorax; EDTA tube
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is more common when a malignancy is the cause (as 
long as the tap itself has not caused iatrogenic bleed-
ing). Chylothorax can be distinguished from empyema 
by centrifugation: chylous fluid remains milky, but 
 empyema fluid displays a clear supernatant (17).

Distinguishing transudates from exudates
Whether a pleural effusion is a transudate or an exudate 
determines its further evaluation and treatment (18). 
Lactate dehydrogenase (LDH) and protein are 
measured in order to differentiate the two possibilities. 
The distinguishing criteria have proven their worth in 
many years of use (19) and are 99.5% sensitive for the 
diagnosis of an exudate. They can correctly tell the 
 difference between a transudate and an exudate in 
93–96% of cases (9, 20). Cholesterol measurement can 
also help: a cholesterol concentration above  55 mg/dL 
combined with an LDH concentration above 200 U/mL 
is highly specific for the presence of an exudate.

It must be borne in mind, however, that diuretic 
drugs given to treat congestive heart failure can 
 elevate the concentrations of protein, LDH, and lipids 
in a pleural effusion, and that obtainng effusion fluid 
by pleural tap after cardiac decompensation has 
 already occurred can lead to the incorrect identifica-
tion of an exudate, which will be followed by further 
unnecessary diagnostic testing (9).

pH values
If an infectious cause is suspected for a non-purulent 
pleural effusion, its pH should be tested by an appropri-
ate method. Pleural fluid acidosis is found in 
 complicated pleural infections, tuberculosis, rheuma-
toid arthritis, and malignant effusions. Among patients 
with malignant effusions, acidosis of the effusion fluid 
is correlated with shorter survival; these patients gen-
erally have more extensive disease and a lower chance 
of successful pleurodesis (21). If the pH is less than 
 7.2, a pleural drain should be inserted without delay, 
even if the effusion is clearly of parapneumonic origin 
(15). A meta-analysis (18) has shown that low pH is the 
best indicator of a complicated course of parapneu-
monic pleural effusion.

Glucose, amylase
The glucose concentration is normally the same in pleu-
ral fluid as in the blood. A low glucose  concentration in 
a pleural effusion is found in empyema, tuberculosis, 
malignancy, and rheumatoid arthritis (9). One in two 
patients with acute pancreatitis has a pleural effusion 
with an elevated amylase concentration (9).

Acidosis
Pleural fluid acidosis is found in complicated pleural infections, 
tuberculosis, rheumatoid arthritis, and malignant effusions.

Transudate or exudate
Whether a pleural effusion is a transudate or an exudate 
 determines its further evaluation and treatment.

FIGURE 2

Practical diagnostic/therapeutic algorithm for pleural effusion 
CHF, congestive heart failure; CT, computerized tomography; LDH, lactate dehydrogenase; 
NTproBNP, N-terminal pro-B-type natriuretic peptide

yes no

Treatment of congestive heart failure 
in conformity with guidelines

no yes

Treatment of underlying disease

yesno

Further tests:
 – NTproBNP (CHF)
 – transaminases (cirrhosis)
 – urinary protein (renal failure)

– pulmonological consultation
– CT with contrast
– further laboratory tests
– tuberculosis testing
– other type of infection?

yesno

Invasive diagnostic tests depending on 
clinical features: – pleural biopsy
– video-assisted thoracoscopy
– bronchoscopy

Treatment of the underlying disease

Suspected pleural effusion: 
history, physical examination

Chest x-ray

Diagnosis: pleural effusion

Congestive heart failure likely?

– Ultrasound-guided pleural 
 puncture

– Routine tests: 
 – LDH 
 – protein 
 – Gram stain
 – cytology
 – differential blood-cell count

Diagnosis established by inspection? 
pus?

Exudate by Light criteria?

Transudate Exudate

Diagnosis established?
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NTproBNP
N-terminal pro-B-type natriuretic peptide, or 
NTproBNP for short, is a sensitive biomarker for sys-
tolic and diastolic heart failure, and its concentrations 
in the blood and in pleural effusion fluid are very 
closely correlated. Even if an effusion is found to be of 
the exudative type, an elevated NTproBNP level makes 
it very likely that congestive heart failure is the cause. 
Measurement of the NTproBNP level in peripheral 
blood suffices in most cases. A negative NTproBNP 
finding in the blood rules out congestive heart failure as 
the cause of a pleural effusion with near-absolute 
 certainty (22).

Differential blood-cell count
A differential blood-cell count in the pleural effusion 
fluid can further narrow down the differential diag-
nosis. An elevated concentration of neutrophils is often 
seen in acute processes, such as parapneumonic effu-
sion, empyema, and effusion due to pulmonary embo -
lism. On the other hand, a predominantly lymphocytic 
picture is more common in tuberculosis, longstanding 
pleural effusions, congestive heart failure, or malignant 
etiology (9). Nonetheless, the differential blood-cell 
count in the pleural fluid alone does not enable precise 
determination of the cause of the effusion. 

Microbiological diagnostic evaluation
Gram staining can help identify the underlying 
 pathogen. The microbiological identification of a 
 pathogenic organism in a non-purulent parapneumonic 
effusion succeeds in only 25% of cases (23). Micro -
biological investigation yields a large percentage of 
false-negative findings. 

Application of the polymerase chain reaction 
(PCR) with use of the 16S-rRNA gene improves sen-
sitivity compared to conventional culture techniques 
(24, 25).

If tuberculous pleuritis is suspected, microbiologi-
cal examination and culture should be performed 
(16). If possible, 30–50 mL of fresh, untreated punc-
ture fluid should be sent for mycobacterial diagnostic 
testing (caveat: not in blood-culture bottles) (16). 

The number of tubercle bacilli in the pleural fluid is 
usually low. Microbiological examination has less 
than 5% sensitivity for the detection of acid-fast 
 bacilli; culture yields a somewhat higher sensitivity of 
10–20 % (9). PCR is often insufficiently informative 
because there are endogenous inhibitor substances in 
the effusion fluid (16). In unclear cases, further 
 invasive diagnostic procedures must be performed, 

e.g., pleural biopsy or video-assisted thoracoscopy 
(VATS) with culture and histological detection of 
 caseating epithelioid-cell granulomata. 

Cytology 
In approximately 50% of lung cancers (26) and 60% of 
all cancers taken together (9), the malignant nature of a 
pleural effusion can be confirmed cytologically. The 
yield of positive tumor diagnoses is highest for adeno-
carcinoma and lower for mesothelioma, squamous-cell 
carcinoma, lymphoma, and sarcoma. A 20–60 mL 
sample of the effusion fluid should be sent for cytologi-
cal examination. The medium to be used should be 
 ascertained in advance by communication with the 
 cytopathology laboratory. For the diagnosis of 
 mesothelioma, histological examination is always 
 advisable. 

Tumor markers
There is insufficient evidence to support the routine 
measurement of tumor markers in pleural effusion 
fluid, or of serum tumor markers, for the etiological 
categorization of pleural effusions of unclear origin. 
The role of mesothelin in patients with mesothelioma 
cannot yet be conclusively judged. In one study, the use 
of a multiplex protein biochip with 120 biomarkers 
 enabled the differentiation of a malignant from a 
 tuberculous effusion, and of an effusion due to 
 adenocarcinoma of the lung from one due to mesothe-
lioma (27) (Box, Table 3, Figure 2).

The need for further diagnostic studies 
If the imaging findings and the analysis of the pleural 
effusion fluid are inconclusive, pleural biopsy may be 

Malignant pleural effusion
Lung cancer is the most common cause of malignant pleural 
effusion, accounting for more than one-third of cases, followed 
by breast cancer (16.8%) and malignant lymphoma (11.5%). 

Differential blood-cell count
A differential blood-cell count in the pleural effusion fluid can 
help narrow down the differential diagnosis. Nonetheless, the 
differential blood-cell count alone does not enable precise 
 determination of the cause. 

TABLE 4

Relative frequencies of types of primary malignancy 
causing malignant pleural effusion, n = 2040 (ref. 30)

Type of malignancy

Lung cancer

Breast cancer

Lymphoma

Gastrointestinal cancers

Gynecological/urological cancers

Other

Unknown primary malignancy

n (%)

   764 (37.5%)

   343 (16.8%)

   234 (11.5%)

141 (6.9%)

191 (9.4%)

148 (7.8%)

   219 (10.7%)
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needed. CT-guided needle biopsy of the pleura is 
markedly more sensitive for the diagnosis of malig-
nant pleural changes than the previously common 
biopsy procedure with an Abrams needle (9). 

If a patient is already known to have lung cancer 
with a pleural effusion, but no malignant cells are 
found in the tapped pleural effusion fluid, a VATS or 
“internal-medical” thoracoscopy should be per -
formed before any local treatment with curative 
 intent (surgery, radiotherapy) (26). Thoracoscopy has 
the advantage of enabling direct inspection of the 
pleural surface, targeted tissue sampling, and, if 
necessary, pleurodesis (a procedure causing the two 
pleural surfaces to adhere to each other).

If the patient simultaneously has hemoptysis, bron-
chial obstruction, or an intrapulmonary mass seen on 
a thoracic imaging study, bronchoscopy is indicated. 

The special features of malignant pleural effusion 
A pleural effusion in a patient with cancer is associ-
ated with a poor prognosis, but this is highly variable. 
Patients with hematologic malignancies or pleural 
 mesothelioma live almost a year on average, while pa-
tients with lung cancer have the worst prognosis, with 
an average survival time of only 2–3 months (28). The 
LENT score enables a sufficiently precise stratifi-
cation into high-, intermediate-, and low-risk groups; 
this can aid in decision-making regaqrding the 
 invasiveness of further treatment (29).

Most malignant pleural effusions cause symptoms, 
and the spatial extent of pleural effusions is correlated 
with the probability of malignant disease, i.e., the 
larger a (unilateral) effusion is, the more likely that 
cancer is the cause. Lung cancer is the most common 
cause, accounting for more than one-third of cases, 
followed by breast cancer (16.8%) and malignant 
lymphoma (11.5%). The choice among the available 
treatment options should be made on the basis of the 
symptoms, clinical condition of the patient, type of 
tumor, response to systemic treatment, and re-
 expansion of the lung after a therapeutic tap. These 
options include: 

● expectant management (watching and waiting),
●  therapeutic emptying of the pleural space by 

puncture,
●  insertion of a pleural drain and instillation of a 

pleurodetic agent,
●  pleurodesis via thoracoscopy, and 
●  insertion of a pleural catheter.
Therapeutic puncture is always indicated for 

 patients who are acutely dyspneic because of a large 

effusion. No more than 1.5 L of effusion fluid should 
be removed at one time. Therapeutic puncture is 
usually followed by recurrence of the effusion, and 
thus pleurodesis is indicated for patients whose life 
expectancy is greater than 1 month. Repeated pleural 
punctures are not only stressful for the patient; they 
also very commonly lead to the formation of 
 adhesions and to loculation of the effusion, so that 
complete emptying is no longer possible (Table 4; see 
eBox 1 for details on pleurodesis and tunneled pleural 
catheters).

The special features of pleural infections
Patients with pneumonia who additionally develop a 
parapneumonic pleural effusion have a higher mor-
tality (31). The same is true to an even larger extent 
of pleural empyema, a condition whose incidence is 
increasing (32, 33). The mortality of nosocomial 
pleural infections is significantly higher than that of 
community-acquired ones (47 % versus 17 % [34]). 
Delays in the diagnosis of an empyema and delays of 
proper drainage treatment are especially dangerous. 
These measures must be taken without delay after 
antibiotic treatment is initiated in conformity with 
the existing guidelines (15). The option of early tho-
racic-surgical intervention should be decided on by 
an interdisciplinary treatment team (35) (for hepatic 
hydrothorax, see eBox 2). A new study of VATS in 
the management of parapneumonic pleural empyema 
underscores the high success rate of early interven-
tion but nonetheless reveals a high mortality (in-
 hospital mortality of 8.1%), particularly when the 
appropriate diagnosis and treatment are delayed (36).

Therapeutic puncture
Repeated pleural punctures very commonly lead to the 
formation of adhesions and to loculation of the effusion, so that 
complete emptying is no longer possible.

Pleural biopsy
If the imaging findings and the analysis of the pleural effu-
sion fluid are inconclusive, pleural biopsy may be needed 
for the further evaluation of malignant pleural changes.
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Only one answer is possible per question. Please select the answer that is most appropriate.

Question 1
What is the most common cause of bilateral pleural effusion?
a) congestive heart failure
b) pleural carcinomatosis
c) pulmonary embolism
d) pneumonia
e) systemic lupus erythematosus

Question 2
What percentage of patients with pulmonary embolism have a 
 pleural effusion?
a) 0.5–5%
b) 10–15%
c) 20–55%
d) 55–75%
e) 90–95%

Question 3
A p-a chest x-ray obtained because of suspected community-
 acquired pneumonia shows an infiltrate, as well as a 6-cm-high 
pleural effusion on the same side. What is the next measure that 
should be taken? 
a) insertion of a chest drain with suction
b) insertion of a chest drain without suction
c) computerized tomography (CT) of the chest
d) diagnostic pleural tap
e) rapid initiation of empirical antibiotic treatment with no further 

 measures

Question 4
What is the risk of pneumothorax after puncture of a pleural 
 effusion?
a) 0.1–0.5%
b) 0.6–6%
c) 6–10%
d) 10–20%
e) 20–30%

Question 5
The distinction between a transudate and an exudate is determinative 
for the further evaluation and treatment of a pleural effusion. What 
parameter(s) is/are among the Light criteria for drawing this 
 distinction? 
a) NTproBNP in the effusion fluid
b) mesothelin in the effusion fluid
c) amylase in the effusion fluid
d) protein and LDH in the effusion fluid and in the serum
e) triglycerides and cholesterol in the effusion fluid and in the serum 

Question 6
When tuberculous pleuritis is suspected, pleural effusion fluid is 
obtained for diagnostic testing. How should the specimen be sent 
to the laboratory? 
a) 5 mL in an EDTA tube
b) 5 mL in a citrate tube
c) 10 mL in an aerobic blood-culture bottle
d) 10 mL in an anaerobic blood-culture bottle
e) 30–50 mL fresh and without additives

Question 7
Malignant pleural effusion due to what type of primary malignancy 
is associated with the worst prognosis?
a) lung cancer
b) breast cancer
c) malignant lymphoma
d) gastrointestinal tumors
e) ovarian cancer

Question 8
What drug can contribute to the development of a pleural effusion?
a) infliximab
b) methotrexate
c) lisinopril
d) fluconazole
e) mirtazapine

Question 9
A patient with a locally restricted, right-sided, histologically 
 confirmed adenocarcinoma of the lung has a pleural effusion on the 
same side. No malignant cells are found in a specimen of effusion 
fluid obtained by tap. What remains to be done before any treatment 
with curative intent is initiated? 
a) differential blood-cell count to determine the main tumor markers 
b) magnetic resonance imaging
c) CT-guided transthoracic pleural puncture
d) ultrasound-guided transthoracic pleural puncture
e) thoracoscopy

Question 10
A parapneumonic pleural effusion may develop into a prognosti-
cally unfavorable pleural empyema. How is the latter diagnosis 
made?
a) pH <7.2 in the effusion fluid
b) elevated serum CRP
c) purulent effusion fluid
d) increasing leukocytosis in peripheral blood
e) worsening fever despite antibiotic treatment

►Participation is possible only via the Internet: 
cme.aerzteblatt.de
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eBOX 1

Special considerations in malignant pleural effusion:  
pleurodesis and tunneled pleural catheters
Fluid is removed in a controlled manner via an intercostally inserted drain. A 
volume of up to 1.5 L can be removed again after a 2-hour interval. Post-
 expansion pulmonary edema is a recognized problem but arises rarely (<1%) if 
less than 1.5 L of fluid is removed. After full expansion of the lung, lidocaine is 
instilled into the pleural space, followed by 4–5 g of sterile talcum in 50 mL 
 normal saline. The catheter is clamped shut for 1–2 hours and removed in 
24–48 hours (30).

According to a Cochrane analysis, talcum is now the preferred pleurodetic 
agent because of its high efficacy (37). Tetracycline and bleomycin are still 
used, but are less effective (26). Successful pleurodesis depends on complete 
pulmonary re-expansion with approximation of the parietal and visceral pleura. 
Adequate analgesia is important, because pleurodesis is painful. Suction to 
empty the pleural space is not always necessary; if used, it should be no 
higher than −20 cmH2O. The patient need not be turned after instillation of the 
pleurodetic agent. 

Thoracoscopic pleurodesis with talcum powder is suitable for patients with 
adequate performance status. It is safe and has few complications. If video-
 assisted thoracoscopy is performed for a diagnostic indication and confirms the 
neoplastic origin of the effusion, pleurodesis can be performed immediately in 
the same procedure (30).

A increasingly used method in recent years for patients with recurrent 
 malignant pleural effusion is the insertion of an indwelling, tunneled pleural 
 catheter attached to a vacuum flask. This enables long-term treatment of the 
effusion with little impairment of the quality of life. It is safe and can be per-
formed on an outpatient basis as well. 

In case of a trapped lung, i.e., inadequate lung expansion or hydropneumo-
thorax after drainage of a malignant effusion, specific treatment is indicated. 
Drainage lessens pressure on the surrounding tissue and makes the dia-
phragm more mobile, thereby improving respiratory mechanics and relieving 
dyspnea. Surgical decortication is another therapeutic option to be considered. 
Talcum pleurodesis and long-term catheter drainage are comparably effective, 
but patients with pleural catheters have fewer hospital admissions (38).

For patients with adequate lung expansion after drainage of a malignant 
 effusion, a prospective, randomized trial has shown a higher success rate with 
a pleural catheter combined with talcum pleurodesis (43%) than with a catheter 
alone (23%) (39). 
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eBOX 2

Pleural effusion in hepatic cirrhosis: hepatic hydrothorax
A pleural effusion (transudate) in a patient with hepatic cirrhosis is usually a 
sign of hepatic decompensation and is called hepatic hydrothorax. Some 
4–10% of patients with advanced cirrhosis develop hepatic hydrothorax, 
usually on the right side. Ascites is simultaneously present in nearly all cases, 
but isolated hydrothorax can also occur, because the intrathoracic pressure is 
negative. The primary treatment of this type of pleural effusion is treatment of 
the associated ascites in conformity with the appropriate guidelines (40).

If the response to this treatment is inadequate, pleural puncture may be 
needed. In cases of intractable hepatic hydrothorax or spontaneous bacterial 
empyema (SBEM), the treatment should be discussed by an interdisciplinary 
team. The options include, among others, transjugular intrahepatic portal-
 systemic shunting and video-assisted thoracoscopy.


