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(21 vs. 30%; p = 0.01). The likelihood of malignancy was in-
versely correlated with the pleural fluid eosinophil counts. 
The likelihood of idiopathic effusion was significantly higher 
in EPEs than in non-EPEs.  Conclusions:  Malignancy was the 
most common cause of EPEs. EPEs appeared to be a negative 
predictor of malignancy when a pleural fluid eosinophil 
count was extremely high. EPEs were more likely to be idio-
pathic as compared with non-EPEs. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Eosinophilic pleural effusion (EPE) is defined by an 
eosinophil count of  6 10% in the pleural fluid and ac-
counts for approximately 10% of exudative pleural effu-
sions  [1] . The pathogenesis of EPEs is poorly understood 
and likely multifactorial. Animal and human studies 
suggest an important role of interleukin-5 in their patho-
genetic pathways  [2, 3] .

  The causes of EPEs include but are not limited to the 
presence of air or blood in the pleural space, malignancy, 
infections (bacteria, fungi, mycobacteria, parasites and 
viruses), pulmonary embolism, drug reactions and as-
bestos exposure.

 Key Words 
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 Abstract 

  Background:  Eosinophilic pleural effusion (EPE) is defined 
by an eosinophil count of  6 10% in the pleural fluid and often 
caused by air or blood in the pleural space. The diagnostic 
significance of EPEs is still a matter of debate.  Objective:  The 
objective of this study was to systematically review the med-
ical literature to evaluate the diagnostic significance of EPEs. 
 Methods:  Electronic databases were searched from 1950 to 
April 2010 to perform a meta-analysis. Data were extracted 
using standardized forms, and pooled odds ratios with 95% 
confidence intervals were calculated. A logistic regression 
analysis was also performed to evaluate the association be-
tween the pleural eosinophil counts and the likelihood of 
underlying causes of EPEs.  Results:  We identified a total of 
687 cases of EPE. The most common cause of EPEs was ma-
lignancy (26%) followed by idiopathic (25%) and parapneu-
monic (13%) effusions. The likelihood of malignancy or tu-
berculosis was somehow lower in EPEs than in non-EPEs,
but the differences were not statistically significant. The 
prevalence of malignancy was significantly lower in the 
group of patients that required a pathologic confirmation 
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  The diagnostic significance of EPEs is still a matter of 
debate. It was once believed that malignancy or tubercu-
losis was an unlike cause of EPEs  [4] , but recent studies 
argued against such a notion  [5, 6] . A possible explanation 
for such disparity was that the study population was dif-
ferent in each study and the varying disease spectrum of 
EPEs was just a reflection of the population studied.

  Therefore, we hypothesized that the disease spectrum 
of EPEs was not different from that of non-EPEs. The ob-
jective of this study was to systematically review the med-
ical literature to evaluate the diagnostic significance of 
EPEs.

  Materials and Methods 

 Search Strategy 
 Two authors independently searched the National Library of 

Medicine’s Medline database for studies in the English language 
published from 1950 to April 2010 by using the following head-
ings and keywords of the Medical Subject Headings: pleural effu-
sion or pleurisy or pleura AND eosinophils or eosinophilia. We 
searched the Cochrane Central Register of Controlled Trials, Co-
chrane Database of Systematic Reviews, Database of Abstracts of 
Reviews of Effects, Biologic Abstracts and Cumulative Index to 
Nursing and Allied Health Literature. All searches were restricted 
to human studies including only adults ( 6 19 years). Bibliogra-
phies of all selected articles and review articles that included in-
formation on EPEs were reviewed for other relevant articles. 

  Study Selection 
 Studies relevant to the prevalence and diagnostic significance 

of EPEs were included if the following criteria were met: (1) if at 
least more than 5 of the original cases of EPE, which is defined by 
an eosinophil count of  6 10% in the pleural fluid, were reported; 
(2) a clinical study with the Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) score  [7]  of at least 
5; (3) if the etiology of EPEs was described in all patients. The re-
sults from a study that used a different cutoff point (e.g., an eo-
sinophil count of  6 5%) were modified using the 10% cutoff and 
included in the analysis.

  Assessment of Study Quality 
 The quality of included studies was assessed with the STROBE 

criteria. Each study was given a score on a scale from 1 to 22, re-
flecting how many of the 22 STROBE items were complied with 
(with each item being given equal weighting). This score was 
termed ‘STROBE score’.

  Data Extraction 
 The etiology of EPEs was classified into the following catego-

ries: malignancy, parapneumonic effusion, tuberculosis, pulmo-
nary embolism, transudate (congestive heart failure, kidney dis-
ease and hepatic cirrhosis), collagen vascular disease (CVD), id-
iopathic effusion, pleural air/blood (hemothorax, post-trauma, 
thoracotomy, pneumothorax and previous thoracentesis), and 
others. Diagnostic criteria for the above disorders were extracted 

from the included studies and tabulated. Cases were reclassified 
as pleural air/blood, whenever possible, if EPE was found only on 
repeated thoracentesis or was associated with chest trauma or 
pneumothorax.

  We performed a separate analysis examining the correlation 
between pleural fluid eosinophil counts and the likelihood of un-
derlying causes of EPEs. We extracted cases of EPE from the med-
ical literature in which a pleural fluid eosinophil count and an 
underlying etiology were individually reported.

  Statistical Analysis 
 The pooled prevalence of EPEs among all pleural effusions was 

calculated from included studies, and it was reported along with 
its 95% confidence interval (CI). We examined the change in the 
prevalence of underlying causes over time using a cumulative
meta-analysis  [8] . Studies were sequentially added by year of pub-
lication to a random-effects model after excluding cases associ-
ated with pleural air/blood.

  To determine the diagnostic significance of EPEs, the pooled 
prevalence of underlying causes of EPEs was calculated and com-
pared with that of non-EPEs. The calculations were performed 
after excluding the cases of transudate and pleural air/blood. The 
results were expressed as odds ratios (ORs) along with their 95% 
CIs.

  A Z test was performed to examine the overall effect. We test-
ed heterogeneity between trials with I 2  statistic, with I 2   1 50% in-
dicating significant heterogeneity  [9] . A random-effects model 
was used for the meta-analysis if significant heterogeneity was 
detected. A fixed effects model was used otherwise  [10] .

  Sensitivity analyses were performed to assure the robustness 
of the results by excluding studies individually from the pooled 
analyses and using a random- or fixed-effects model, relative risks 
and risk differences  [11] .

  A logistic regression analysis was performed to examine the 
correlation between pleural fluid eosinophil counts and the prob-
ability of underlying causes of EPEs. A receiver operator charac-
teristic curve was constructed to summarize the sensitivity and 
specificity estimates. The standard  �  2  test was used for the com-
parison of 2 data points. All reported p values are 2-sided. p values 
 ! 0.05 were considered to indicate statistical significance. The 
data analysis was performed using meta-analysis software (Stats-
Direct, StatsDirect Ltd., Cheshire, UK).

  Results 

 Studies and Cases Identified 
 The electronic database searches identified 411 cita-

tions. Initially, 30 studies were considered potentially rel-
evant. After a more detailed review, an additional 15 pa-
pers did not meet the inclusion criteria and were exclud-
ed. The remaining 15 studies were reviewed  [1, 5, 6, 12–23]  
for duplicate publications. We did not find any duplicate 
publications. A non-electronic search identified 2 studies 
that met our inclusion criteria  [24, 25] . We included a to-
tal of 17 studies in our analysis ( fig. 1 ).
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  The characteristics of included studies are shown in 
 table 1 . Six hundred and ninety-two cases of EPE were 
extracted. Five cases, reported by Mihailescu and Micu 
 [15] , with a pleural fluid eosinophil count  1 5 but  ! 10% 
were excluded. Then, a total of 687 cases were included in 
our analysis.

  Eight studies reported the cases of EPE with the first 
thoracentesis only  [5, 6, 14, 18–20, 23, 25] . Cases of EPE 
on repeated thoracentesis were reclassified as pleural air/
blood whenever possible. However, this reclassification 
was not possible in 4 studies because of lack of informa-
tion  [1, 13, 15, 22] .

  The prevalence of EPEs in all pleural effusions was re-
ported in 12 studies  [5, 13–20, 22–24] . The pooled preva-
lence of EPEs was 9% (random-effects model, 95% CI 
7–10). The mean age of patients (56 years, range 48–63) 
was reported in 6 studies  [14, 19, 20–23] . The proportion 
of male patients (71%, range 45–100) was reported in 9 
studies  [6, 12–14, 20–23] . The mean pleural fluid eosino-
phil count (27%, range 21–40) was reported in 12 studies 
 [12, 14–24]  .

  The quality of included studies was variable and their 
quality score ranged from 5 to 17 with a median score of 
13 (the maximum possible score was 22) ( table 1 , Appen-
dix 1). The diagnostic criteria used in the included studies 
for the underlying causes of EPEs are summarized in  ta-
ble 2 .

  The most common cause of EPEs was malignancy 
(26%) followed by idiopathic (25%) and parapneumonic 
(13%) effusions, pleural air/blood (13%), tuberculosis 
(7%), transudate (7%), other (6%) and CVD (3%) ( table 3 ). 
Three studies excluded cases of EPE resulting from pleu-
ral air/blood  [5, 18, 19] . The pooled prevalence of EPEs 
associated with pleural air/blood was 15% when these 
studies were excluded. When cases of pleural air/blood 
were excluded from all studies, the prevalence of malig-
nancy, idiopathic and parapneumonic effusions, tuber-
culosis, transudate, others and CVD was 30, 29, 14, 8, 7, 
4 and 4%, respectively.

  Eight studies reported the underlying causes of non-
EPEs and EPEs. A total of 1,810 and 184 patients with 
non-EPE and EPE were reported in these studies, re-
spectively. Cases associated with a transudate and pleu-
ral air/blood consisted of 17 and 0.2% of non-EPEs and 
5 and 0.5% of EPEs, respectively. The prevalence of in-
dividual causes in non-EPEs and EPEs is shown in  ta-
ble 4 .

  We identified 144 cases of EPE in which an underlying 
cause and a pleural fluid eosinophil count were individu-
ally reported  [15, 17, 18, 24, 26–29] . They consisted of 22 

411 reports identified and titles and
abstracts screened against inclusion
criteria

381 excluded on review of
title and abstract: case
reports, reviews, pediatric
cases, basic science, letters

15 excluded on detailed
evaluation:
etiology not described in all
cases (n = 4)
5 or less cases reported (n = 6)
no original cases (n = 5)

17 included in meta-analysis

30 full texts retrieved and screened
for detailed evaluation

Hand search identified 2
reports

  Fig. 1.  Flow of study selection. 

–0.1 0 0.1 0.2 0.3 0.4

Krenke 2009 [23] 0.25 (0.17, 0.33)

Ozkara 2007 [22] 0.23 (0.15, 0.31)

0.22 (0.14, 0.29)

Matthai 2003 [20] 0.20 (0.13, 0.28)

Kalomenidis 2003 [1] 0.21 (0.13, 0.29)

Martinez-Garcia 2000 [5] 0.20 (0.11, 0.28)

Riantawan 1998 [19] 0.19 (0.10, 0.28)

Rubins 1996 [6] 0.14 (0.07, 0.21)

Lakhotia 1989 [18] 0.12 (0.05, 0.18)

Kuhn 1989 [17] 0.14 (0.06, 0.22)

Wysenbeek 1985 [16] 0.12 (0.05, 0.20)

Mihailescu 1985 [15] 0.09 (0.03, 0.16)

Petterson 1981 [14] 0.09 (0.02, 0.15)

Hirsch 1979 [25] 0.12 (0.02, 0.21)

Kokkola 1974 [13] 0.08 (0.02, 0.14)

Light 1973 [24] 0.09 (–0.04, 0.21)

Bower 1967 [12] 0.07 (–0.07, 0.21)

Reechaipichitkul 2003 [21]

  Fig. 2.  Cumulative prevalence of malignancy in cases with EPEs. 
Each later estimate is a pooled estimate of all previous studies. 
Data are ORs, with confidence limits in parentheses. 



 Prevalence and Diagnostic Significance 
of EPE 

Respiration 2012;83:198–208 201

cases of malignancy (15%), 27 cases of parapneumonic 
effusion (19%), 19 cases of tuberculosis (13%), 7 cases of 
pulmonary embolism (5%), 6 cases of CVD (4%), 4 cases 
of transudate (3%), 11 cases of other causes (8%), 10 cases 
of pleural air/blood (7%) and 38 cases of idiopathic pleu-
ral fluid (26%). The mean  8  standard deviation of the 
eosinophil count was 37  8  21%.

  Malignancy 
 The cumulative prevalence of malignancy among 

EPEs has gradually increased over the last 4 decades from 
7% (95% CI –7 to 21) to 25% (95% CI 17–33) ( fig. 2 ). The 
diagnosis of malignancy required a pathological confir-
mation in some studies but not in others ( table 3 ). The 
prevalence of malignancy was significantly lower in the 
group of patients that required a pathologic confirmation 
(21 vs. 30%; p = 0.01).

  Eight studies reported the prevalence of malignant 
pleural effusions in EPEs and non-EPEs  [5, 14, 15, 17–19] . 
The prevalence of malignancy was lower in EPEs than in 
non-EPEs except in 1 study  [19]  ( fig. 3 ). The odds of ma-
lignancy in EPEs, as compared with non-EPEs, was 0.63 
(95% CI 0.28–1.47; p = 0.29). The odds ratio (OR) became 

statistically significant when a study by Riantawan et al. 
 [19]  was excluded from the analysis (OR 0.51, 95% CI 
0.32–0.78; p = 0.001).

  The logistic regression analysis revealed a significant 
correlation between the pleural fluid eosinophil counts 

Table 1.  Characteristics of included studies

Study, year Country Type of study Number
of patients
with EPE

Total number
of patients
with PF

First thora-
centesis
only

STROBE
quality
score1

Bower [12], 1967 USA retrospective 21 NR adjusted2 10
Light et al. [24], 1973 USA prospective 8 182 adjusted2 13
Kokkola and Valta [13], 1974 Finland retrospective 78 476 unclear 11
Hirsch et al. [25], 1979 France prospective 23 270 yes 13
Pettersson and Riska [14], 1981 Finland prospective 26 140 yes 13
Mihailescu and Micu [15], 1985 Romania retrospective 113 248 unclear 8
Wysenbeek et al. [16], 1985 Israel retrospective 36 NR adjusted2 13
Kuhn et al. [17], 1989 Switzerland prospective 22 224 adjusted2 17
Lakhotia et al. [18], 1989 India prospective 18 162 yes 11
Rubins and Rubins [6], 1996 USA prospective 44 NR yes 18
Riantawan et al. [19], 1998 Thailand prospective 31 405 yes 14
Martinez-Garcia et al. [5], 2000 Spain retrospective 45 358 yes 14
Kalomenidis and Light [1], 2003 USA review with original data 53 NR unclear 5
Matthai and Kini [20], 2003 India prospective 26 444 yes 12
Reechaipichitkul and
Chuesakoolvanich [21], 2003 Thailand retrospective 50 NR adjusted2 15
Ozkara et al. [22], 2007 Turkey retro- and prospective 60 697 no4 12
Krenke et al. [23], 2009 Poland retrospective 135 1,868 yes 13

P F = Pleural fluid; NR = not reported. 1 Range 0–22; 22 indicates the highest quality. 2 Cases of EPE only on repeated thoracentesis 
were reclassified as pleural air/blood (see table 2 for details). 3 Five cases with pleural fluid eosinophil count >5 but <10% were exclud-
ed. 4 Seven patients had EPE only on repeated thoracentesis, but they were unadjustable due to lack of information. 

0.001

Combined (random) 0.624 (0.263, 1.479)

Martinez-Garcia 2000 [5] 0.742 (0.320, 1.616)

Riantawan 1998 [19] 5.790 (2.331, 16.281)

Lakhotia 1989 [18] 0.210 (0.005, 1.468)

Kuhn 1989 [17] 0.635 (0.147, 2.637)

Mihailescu 1985 [15] 0.311 (0.050, 1.453)

Petterson 1981 [14] 0.120 (0.003, 0.832)

Hirsch 1979 [26] 0.670 (0.237, 1.761)

Light 1973 [24] 0.329 (0.007, 2.871)

1000.01 0.1 0.2 0.5 1 2 5 10

  Fig. 3.  OR meta-analysis plot (random-effects model). Pooled OR 
for malignancy in EPEs as compared with non-EPEs. Test for het-
erogeneity:  �  2  = 1.12 (d.f. = 1); I 2  = 74.4%. Data are ORs, with con-
fidence limits in parentheses. 
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and the likelihood of malignancy among EPEs with an 
area under the receiver operator characteristic curve of 
0.71. The likelihood of malignancy was inversely corre-
lated with the pleural eosinophil counts, as shown in  fig-
ure 4 .

  The estimated probability of malignancy for a particu-
lar patient with EPE was equal to y = 1/(1 + e –z ), where
z = –0.345953 – 0.043784  �  (pleural eosinophil count), and 

e is the mathematical constant and base value of natural 
logarithms: p  1   � z �  = 0.01 (95% CI –0.77 to –0.01). The 
odds of malignancy for every 1% increase in pleural eo-
sinophil count were 0.96 (95% CI 0.91–0.99).

  Based on the receiver operating characteristic curve, 
the highest accuracy (maximum sensitivity and specific-
ity) was achieved when a cutoff of pleural fluid eosinophil 
count was 32%. The probability of malignancy was only 

Table 2.  Diagnostic criteria used in the included studies

Study Malig-
nancy

Para-
pneumonic 
effusion

TB PE CVD Exudate Duration of 
follow-up for
idiopathic cases

Bower [12], 1967 Path ND N/A ND ND PF protein
>3 g/dl

3 years for
TB suspects

Light et al. [24], 1973 Path ClinRadMicro MicroPath Rad Clin ND ND
Kokkola and Valta [13], 1974 Path ClinRadMicro MicroPath N/A Clin1 ND ND
Hirsch et al. [25], 1979 ClinPath ClinRadMicro MicroPath N/A N/A PF protein

>3 g/dl
ND

Pettersson and Riska [14], 1981 Path ClinRadMicro CR or
MicroPath

N/A LC ND

Mihailescu and Micu [15], 1985 ND ND ND ND ND ND ND
Wysenbeek et al. [16], 1985 Clin2 ND ND ND ND ND ND
Kuhn et al. [17], 1989 Path Diagnoses were extracted from retrospective review of clinical records3

Lakhotia et al. [18], 1989 Diagnoses were made based on clinical, radiographic,
laboratory and histopathologic findings3

PF: serum
protein >0.5

1 year

Rubins and Rubins [6], 1996 ClinPath Diagnoses were determined by the treating
physicians based on clinical, radiographic,
laboratory and histopathologic findings3

LC ND

Riantawan et al. [19], 1998 Path ClinRadMicro MicroPath ND Clin4 ND >6 months
Martinez-Garcia et al. [5], 2000 Path ClinRadMicro MicroPath ND ND LC >18 months5

Kalomenidis and Light [1], 2003 ND ND ND N/A N/A ND ND
Matthai and Kini [20], 2003 Path Diagnoses were determined by the treating

physicians based clinical, radiographic,
laboratory and histopathologic findings5

LC ND

Reechaipichitkul and
Chuesakoolvanich [21], 2003

Path ND CR or
MicroPath

ND ND LC ND

Ozkara et al. [22], 2007 ClinPath ClinRadMicro MicroPath ND ND ND ND
Krenke et al. [23], 2009 ClinPath ClinRadMicro MicroPath Rad Clin LC and SEAG mean of 9.2 months6

T B = Tuberculosis; PE = pulmonary embolism; Path = pathologic diag-
nosis: demonstration of malignancy in the pleural space by cytology, pleu-
ral biopsy, thoracotomy or autopsy; ND = not defined/described; N/A = not 
applicable (no cases were reported); PF = pleural f luid; ClinRadMicro = 
clinical and radiographic diagnosis with or without microbiological con-
firmation; MicroPath = microbiological or pathologic diagnosis (positive 
tuberculosis culture of pleural f luid, sputum or pleural tissue OR granulo-
mas on pleural biopsy in the absence of other diseases); Rad = radiograph-
ic diagnosis (diagnostic ventilation perfusion scan and/or pulmonary an-
giography); Clin = clinical diagnosis; ClinPath = clinical or pathologic di-
agnosis (diagnostic pleural f luid cytology or pleural biopsy OR an exudate 
with a known lung neoplasm in the absence of other diseases); CR = clinical 
response (clinical data were suggestive of tuberculosis with positive tuber-
culin skin testing and a typical response to specific anti-tuberculosis ther-
apy); LC = Light’s criteria for exudates: pleural f luid/serum protein ratio 
>0.5, pleural f luid/serum lactate dehydrogenase ratio >0.6, or pleural f luid 

lactate dehydrogenase >2/3 of the normal upper limit for serum lactate de-
hydrogenase; SEAG = serum effusion albumin gradient ≤1.2 g/dl. 

1 With or without pathologic changes on pleural biopsy commonly seen 
in VCD. 

2 All patients in the tumoral group had primary tumors of the lung or 
lung metastasis.

3 Criterion for individual diagnosis was not specifically defined. 
4 Pleural f luid cytology, pleural biopsy and biopsy of other sites were 

positive for malignancy in 42–78% of patients classified as malignant pleu-
ral f luid. With characteristic pleural f luid analysis with or without clinical 
response to corticosteroid therapy. 

5 The authors checked whether these patients had previously been treat-
ed with drugs that may have induced EPEs.

6 None of these patients had a history of asbestos exposure or treatment 
with drugs known to cause EPE.
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Matthai 2003 [20] 0.078 (0.040, 0.144)

Kalomenidis 2003 [1] 0.064 (0.030, 0.130)

Martinez-Garcia 2000 [5] 0.073 (0.035, 0.147)

Riantawan 1998 [19] 0.057 (0.022, 0.136)

Rubins 1996 [6] 0.063 (0.024, 0.153)

Lakhotia 1989 [18] 0.074 (0.029, 0.177)

Kuhn 1989 [17] 0.081 (0.030, 0.198)

Wysenbeek 1985 [16] 0.086 (0.030, 0.226)

Mihailescu 1985 [15] 0.109 (0.038, 0.274)

Petterson 1981 [14] 0.069 (0.022, 0.193)

Hirsch 1979 [25] 0.077 (0.021, 0.244)

Kokkola 1974 [13] 0.108 (0.032, 0.308)

Light 1973 [24] 0.035 (0.005, 0.213)

Bower 1967 [12] 0.023 (0.001, 0.277)

Reechaipichitkul 2003 [21]

0.1 0.2 0.3

  Fig. 4.  Correlation between the probability of malignancy and 
pleural fluid eosinophil counts in 144 cases with EPE.       

  Fig. 5.  Cumulative prevalence of tuberculosis in cases with EPEs. 
Each later estimate is a pooled estimate of all previous studies. 
Data are ORs, with confidence limits in parentheses.       

Table 3.  Etiology of EPEs

Study Total Malig-
nancy

Para-
pneumonic 
effusion

TB PE Transu-
date

CVD Other Idiopathic 
effusion

Air/blood

Bower [12], 1967 21 1 (5) 1 (5) 0 2 (10) 0 1 (5) 3 (14) 6 (29) 7 (33)1

Light et al. [24], 1973 8 1 (13) 2 (25) 0 0 0 0 2 (25) 2 (25) 1 (13)2

Kokkola and Valta [13], 1974 78 6 (8) 3 (4) 14 (18) 0 0 8 (10) 1 (1) 44 (56) 2 (3)
Hirsch et al. [25], 1979 23 8 (35) 3 (13) 0 0 0 0 0 12 (52) 0
Pettersson and Riska [14], 1981 26 1 (4) 3 (12) 1 (4) 0 0 8 (31) 0 12 (46) 1 (4)
Mihailescu and Micu [15], 1985 11 3 (27) 1 (9) 5 (45) 0 1 (9) 0 1 (9) 0 0
Wysenbeek et al. [16], 1985 36 7 (19) 3 (8) 0 1 (3) 5 (14) 1 (3) 2 (6) 3 (8) 14 (39)3

Kuhn et al. [17], 1989 22 5 (23) 1 (5) 1 (5) 1 (5) 3 (14) 1 (5) 0 2 (9) 8 (36)4

Lakhotia et al. [18], 1989 18 1 (6) 4 (22) 0 0 1 (6) 0 0 12 (67) excluded
Rubins and Rubins [6], 1996 44 10 (23) 4 (9) 0 0 9 (20) 0 3 (7) 11 (25) 7 (16)
Riantawan et al. [19], 1998 31 24 (77) 2 (6) 0 0 0 0 3 (10) 2 (6) excluded
Martinez-Garcia et al. [5], 2000 45 11 (24) 15 (33) 7 (16) 1 (2) 4 (9) 0 0 7 (16) excluded
Kalomenidis and Light [1], 2003 53 15 (28) 8 (15) 0 0 9 (17) 0 4 (8) 17 (32) 0
Matthai and Kini [20], 2003 26 4 (15) 7 (27) 5 (19) 0 3 (12) 0 6 (23) 1 (4) 0
Reechaipichitkul and
Chuesakoolvanich [21], 2003 50 12 (24) 3 (6) 3 (6) 0 0 0 2 (4) 5 (10) 25 (50)5

Ozkara et al. [22], 2007 60 22 (37) 3 (5) 6 (10) 3 (5) 2 (3) 2 (3) 3 (5) 18 (30) 1 (2)
Krenke et al. [23], 2009 135 47 (35) 23 (17) 3 (2) 3 (2) 7 (5) 2 (1) 10 (7) 19 (14) 21 (16)

Total 687 178 (26) 86 (13) 45 (7) 11 (2) 44 (6) 23 (3) 40 (6) 173 (25) 63 (13)

D ata are presented as n (%). TB = Tuberculosis; PE = pulmo-
nary embolism. 1 Three cases (2 malignancy and 1 pulmonary 
embolism) were reclassified as air/blood since EPE was found only 
on repeated thoracentesis. 2 One tuberculosis case was reclassified 
as air/blood since EPE was found only on repeated thoracentesis. 
3 Five malignancy cases were reclassified as air/blood since EPE 
was found only on repeated thoracentesis. 4 Eight cases (5 malig-

nancy, 2 pulmonary embolism and 1 parapneumonic) were re-
classified as air/blood since EPE was found only on repeated tho-
racentesis or associated with chest trauma or pneumothorax.
5 Twenty-four cases (11 malignancy, 2 parapneumonic, 2 tubercu-
losis, 1 transudate, 2 other and 6 idiopathic) were reclassified as 
air/blood since EPE was found only on repeated thoracentesis.
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7% when a pleural fluid eosinophil count was  6 32%. Us-
ing this cutoff, the sensitivity, specificity and positive and 
negative predictive values were 77, 56, 24 and 93%, re-
spectively.

  Tuberculosis 
 The cumulative prevalence of tuberculosis in EPEs has 

been relatively stable for the last 4 decades and stayed at 
around 7% ( fig. 5 ). The odds of tuberculosis in EPEs, as 
compared with non-EPEs, was 0.29 (95% CI 0.07–1.09;
p = 0.07) ( fig. 6 ). The OR became statistically significant 
when the study by Mihailescu and Micu  [15]  (OR 0.20, 
95% CI 0.06–0.70; p  !  0.05) or Kuhn et al.  [17]  (OR 0.22, 
95% CI 0.06–0.84; p  !  0.05) was excluded from the anal-
ysis. The logistic regression analysis failed to show a sig-
nificant correlation between the pleural fluid eosinophil 
counts and the likelihood of tuberculosis among EPEs 
(OR 1.01, 95% CI 0.99–1.03; p = 0.42). 

  Parapneumonic Effusion and Pulmonary Embolism 
 The prevalence of parapneumonic effusion or pulmo-

nary embolism was not statistically different in EPEs as 
compared with non-EPEs (OR 1.27, fixed-effects model, 
95% CI 0.83–1.95, p = 0.32; OR 2.02, fixed-effects model, 
95% CI 0.57–7.22, p = 0.49, respectively). The result was 
unchanged when the included studies were removed in-
dividually or analyzed using a random-effects model, rel-
ative risk and risk difference. There was no significant 
association between the pleural fluid eosinophil counts 
and the likelihood of parapneumonic effusion or pulmo-
nary embolism (p = 0.78 and 0.20, respectively).

  Collagen Vascular Disease 
 Six studies reported the prevalence of CVD-associated 

pleural effusions in non-EPEs and EPEs  [5, 14, 17–19, 24] . 

The prevalence of CVD-associated pleural effusions was 
significantly higher in EPEs compared with non-EPEs 
(OR 2.84, fixed-effects model, 95% CI 1.28–6.31; p = 0.02) 
( fig.  7 ). The result was unchanged when the included 
studies were analyzed using a random-effects model, rel-
ative risk and risk difference. However, the OR became 
statistically non-significant when the study by Petters-
son and Riska  [14]  was excluded from the analysis (OR 
2.18, 95% CI 0.61–7.76; p = 0.41). There was no significant 
association between the pleural fluid eosinophil counts 
and the likelihood of CVD-associated pleural effusion
(p = 0.06).

  Idiopathic Pleural Effusion 
 The duration of follow-up to confirm the diagnosis of 

idiopathic effusions varied. Five studies described the du-
ration of follow-up, but the rest of the studies did not ( ta-
ble 2 ). The prevalence of idiopathic pleural effusions was 
significantly lower in the studies that reported certain 
duration of follow-up (23 vs. 32%; p = 0.03).

  The prevalence of idiopathic pleural effusions was sig-
nificantly higher in EPEs than in non-EPEs (OR 3.20, 
95% CI 1.60–6.39; p = 0.001) ( fig. 8 ). The result was un-
changed when the included studies were removed indi-
vidually or analyzed using a fixed-effects model, relative 
risk and risk difference. There was no significant asso-
ciation between the pleural fluid eosinophil counts and 
the likelihood of idiopathic pleural effusion (p = 0.96).

  Other Causes 
 Other causes of EPEs were as follows: gastrointestinal 

diseases in 12 (pancreatic diseases, subdiaphragmatic ab-
scess/inflammation), cardiovascular diseases in 5 (myo-
cardial infarction, postcardiac injury syndrome, aortic 
aneurysm), eosinophilic lung diseases in 5, parasitic in-

Table 4. C omparison of disease spectrum between EPEs and non-EPEs

Study Total Malignancy Parapneumonic 
effusion 

TB PE CVD Other Idiopathic 
effusion

Light et al. [24], 1973 125 /7 42 (34)/1 (14) 24 (19)/2 (29) 13 (10)/0 (0) 5 (4)/0 (0) 2 (2)/0 (0) 8 (6)/2 (29) 31 (25)/2 (29)
Hirsch et al. [25], 1979 246/23 109 (44)/8 (35) 35 (14)/3 (13) 52 (21)/0 (0) 0 (0)/0 (0) 0 (0)/0 (0) 0 (0)/0 (0) 50 (20)/12 (52)
Pettersson and Riska [14], 1981 89/25 23 (26)/1 (4) 8 (9)/3 (12) 30 (34)/1 (4) 0 (0)/0 (0) 11 (12)/8 (32) 3 (3)/0 (0) 14 (16)/12 (48)
Mihailescu and Micu [15], 1985 126/10 73 (58)/3 (30) 7 (6)/1 (10) 36 (29)/5 (50) 0 (0)/0 (0) 0 (0)/0 (0) 10 (8)/1 (10) 0 (0)/0 (0)
Kuhn et al. [17], 1989 141/11 80 (57)/5 (45) 30 (21)/1 (9) 6 (4)/1 (9) 6 (4)/1 (9) 1 (1)/1 (9) 0 (0)/0 (0) 18 (13)/2 (18)
Lakhotia et al. [18], 1989 135/17 31 (23)/1 (6) 16 (12)/4 (24) 68 (50)/0 (0) 0 (0)/0 (0) 2 (1)/0 (0) 2 (1)/0 (0) 16 (12)/12 (71)
Riantawan et al. [19], 1998 363/31 135 (37)/24 (77) 48 (13)/2 (6) 155 (43)/0 (0) 2 (0.6)/0 (0) 1 (0.3)/0 (0) 6 (2)/3 (10) 16 (4)/2 (6)
Martinez-Garcia et al. [5], 2000 254/41 84 (33)/11 (27) 58 (23)/15 (37) 65 (26)/7 (17) 3 (1)/1 (2) 4 (2)/0 (0) 12 (5)/0 (0) 28 (11)/7 (17)

D ata are presented as n (%) of non-EPE/EPE. Transudates and cases resulting from pleural air/blood were excluded. TB = Tuberculosis; PE = pulmo-
nary embolism.
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fections in 3 (strongyloides, paragonimiasis, hydatid 
cyst), occupational lung diseases in 2 (benign asbestos ef-
fusion, byssinosis), ‘serositis’ in 2, atelectasis in 2, ‘hyper-
sensitivity state’ in 1, viral pleuritis in 1, actinomycosis in 
1, radiation therapy in 1, and Gorham’s disease in 1 case. 
The etiology was not specified in 4 cases which were clas-
sified as ‘other’ in 1 study  [1] . The prevalence of pleural 
effusions resulting from other causes was not statistically 
different in EPEs as compared with non-EPEs (OR 1.56, 
fixed-effects model, 95% CI 0.71–3.47; p = 0.37). The re-
sult was unchanged when the included studies were re-
moved individually or analyzed using a random-effects 
model, relative risk and risk difference.

  Discussion 

 Our systematic review of the medical literature identi-
fied a total of 687 cases of EPE. The most common cause 
of EPE was malignancy (26%) followed by idiopathic 
(25%) and parapneumonic (13%) effusions, pleural air/
blood (13%), tuberculosis (7%), transudate (7%), other 
(6%) and CVD (3%).

  The cumulative prevalence of malignancy among 
EPEs has gradually increased from 7 to 25% over the last 
4 decades, while that of tuberculosis has been relatively 
stable and stayed at around 7% ( fig. 2 ,  5 ). The likelihood 
of malignancy or tuberculosis was somehow lower in 
EPEs than in non-EPEs, but the difference was not statis-
tically significant. We found that the likelihood of malig-
nancy was inversely correlated with the pleural eosino-

phil counts ( fig. 4 ). Such correlation was not found in tu-
berculosis.

  The above findings could explain the difference in 
opinion on the diagnostic significance of EPE in the med-
ical literature. Adelman et al.  [4]  reported that the preva-
lence of malignancy among EPEs was 4.9% and conclud-
ed that the presence of pleural fluid eosinophilia consid-
erably reduced the probability of malignancy. However, 
Kuhn et al.  [17]  reported a much higher prevalence of ma-
lignancy (40%) among EPEs which is most likely due to 
the different population they studied. In addition, 2 re-
cent studies demonstrated that the prevalence of malig-
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 Fig. 8. OR meta-analysis plot (random-effects model). Pooled OR 
for identical pleural effusion in EPEs as compared with non-EPEs. 
Test for heterogeneity:    �  2  = 10.8 (d.f. = 1); I 2  = 58.7%. Data are ORs, 
with confidence limits in parentheses. 
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nancy was as frequent in EPEs as in non-EPEs – 20.5 ver-
sus 20.1% in the study by Rubins and Rubins  [6]  and 24.4 
versus 26.8% in the study by Martinez-Garcia et al.  [5] .

  EPEs appeared to be a very weak negative predictor of 
malignancy when the conventional cutoff of 10% was 
used (OR 0.63, 95% CI 0.28–1.47). In addition, we found 
that the higher a pleural fluid eosinophil count was, the 
lower the likelihood of malignancy ( fig. 4 ). The probabil-
ity of malignancy was only 7% when a pleural fluid eo-
sinophil count was  1 32% in our analysis, which is in ac-
cordance with a study by Martensson et al.  [30]  who con-
cluded that more than 30% eosinophils in the pleural 
fluid had the strongest negative predictability towards 
malignancy.

  The likelihood of malignancy in a pleural effusion is 
affected by various factors, and the presence of pleural 
fluid eosinophilia by no means excludes malignancy. The 
clinical predictors for malignant pleural effusions in-
clude older age, a symptomatic period  1 1 month, absence 
of fever, blood-tinged pleural effusion, large or massive 
pleural effusion, and chest CT scan findings suggestive of 
malignancy  [31–33] . Thus, it is not surprising that one of 
the patients with malignant pleural effusion had a pleural 
eosinophil count of 70%  [27] .

  Our study has several limitations. First, the baseline 
characteristics between EPEs and non-EPEs are not 
matched and the presence of confounding factors cannot 
be excluded. We attempted to adjust for known con-
founding factors, but it was impossible because of the lack 
of information. The clinical heterogeneity, such as differ-
ent types and degrees of confounding factors in each 
study, could explain the weak robustness of effect size in 
several analyses. A large multicenter prospective study is 
needed to better characterize the diagnostic significance 
of EPEs. However, the pooled comparison of disease 
spectrum between EPEs and non-EPEs may provide the 
most generalizable information on the diagnostic signif-
icance of EPEs in the absence of such study.

  Second, the diagnostic criteria were somehow differ-
ent from study to study. The prevalence of malignancy 
was significantly lower in studies that required a patho-
logic confirmation and the prevalence of idiopathic pleu-
ral effusions was significantly lower in studies that re-
quired certain duration of follow-up. The prevalence of 
malignancy among EPEs was likely underestimated and 
that of idiopathic effusions was likely overestimated in 
our analysis. As in exudative pleural effusions, a certain 
duration of follow-up would be strongly recommended in 
EPEs in order not to overlook malignancy when an initial 
work-up is unrevealing. 

  Third, we tried to limit the cases of EPE only with the 
first thoracentesis, but it was not possible in some studies 
 [1, 13, 15, 22] . This factor may have affected the results on 
the prevalence and diagnostic significance of EPEs. How-
ever, recent studies suggested that the prevalence of EPEs 
with a repeated thoracentesis was similar to that of EPEs 
with the first thoracentesis  [5, 23] .

  Fourth, the prevalence of idiopathic pleural effusion 
may be overestimated because there were no cases of 
drug-induced EPE reported among the included studies 
and only 1 study indicated that the possibility of drug-
induced EPE was investigated  [5] . At least 10 drugs are 
known to be associated with EPEs  [1] , but the prevalence 
of the drug-induced EPEs is poorly studied. The presence 
of peripheral eosinophilia may suggest parasitic or med-
ication-induced EPE, but it is not helpful to delineate the 
etiology of EPE since it can be found in patients with ma-
lignancy including Hodgkin’s disease, pulmonary embo-
lism, trauma and infections  [1, 16, 26] . In addition, there 
is no correlation between the number of eosinophils in 
the peripheral blood and the pleural fluid  [6] .

  It was once believed that EPEs denoted a favorable 
prognosis, based on their association with benign diseas-
es such as air or blood in the pleural space, benign asbes-
tos-related pleural effusion, parasitic infection and drug 
effect  [34] . The prevalence of the above-mentioned diag-
noses was actually very low in our pooled analysis except 
for air or blood in the pleural space. It is possible that a 
significant proportion of the idiopathic pleural effusions 
were actually due to medications, asbestos or other un-
recognized benign diseases. 

  Despite the limitations described above, our analysis 
gives an insight and explanation for the difference of 
opinions in the medical literature on this topic. The dis-
ease spectrum of EPEs has changed since 1960, and ma-
lignancy should no longer be considered uncommon 
among EPEs. Some medical textbooks still describe that 
EPEs militate greatly against malignancy or tuberculosis 
 [35, 36] . The readers are warned not to be misled by in-
formation from the remote past. 
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  Appendix 

Quality of Included Studies

Bower Light Kokkola Hirsch Petters-
son

Mihai-
lescu

Wysen-
Beek

Kuhn Lakhotia Rubins Rianta-
wan

Martinez-
Garcia

Kalo-
menidis

Matthai Reechai-
Pichitkul

Ozkara Krenke

1. Y Y Y Y Y Y Y Y Y Y Y Y N Y Y Y Y
2. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
3. Y Y Y Y Y Y Y Y Y Y Y Y N Y Y Y Y
4. N Y Y Y Y N Y Y Y Y Y Y N Y Y Y Y
5. Y Y N Y Y N Y Y N Y Y Y N Y Y Y Y
6. N Y Y Y Y N Y Y Y Y Y Y N Y Y Y Y
7. N N N N N N N Y N Y N N N N Y N N
8. N Y N N N N Y Y Y Y Y Y N Y Y Y Y
9. N N N N N N N Y N Y N N N N Y N N

10. N N N Y N N N N N Y N N N N N N N
11. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
12. N N N N N N N Y N Y N N N N N N N
13. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
14. Y N Y Y Y N Y N N Y Y Y N Y Y Y Y
15. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
16. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
17. N Y Y Y Y N Y Y Y Y Y Y N N Y N Y
18. Y N N N N Y N Y N Y Y Y N N N N N
19. N N N N N N N N N N N N N N N N N
20. N N N N N N N Y N N N N N N N N N
21. N N N N N N N N N N N N N N N N N
22. N Y N N Y N N N N N N N N N N N N

Total score 10 13 11 13 13 8 13 17 11 18 14 14 5 12 15 12 13

Items that should be included.
1. (a) Indicate the study’s design with a commonly used term in the title or the ab-

stract. (b) Provide in the abstract an informative and balanced summary of what was 
done and what was found.

2. Explain the scientific background and rationale for the investigation being re-
ported.

3. State specific objectives, including any prespecified hypotheses.
4. Present key elements of the study design early in the paper.
5. Describe the setting, locations and relevant dates, including periods of recruit-

ment, exposure, follow-up and data collection.
6.  (a) Cohort study: give the eligibility criteria, and the sources and methods of the 

selection of participants. Describe methods of follow-up. Case-control study: give the 
eligibility criteria, and the sources and methods of the case ascertainment and control 
selection. Give the rationale for the choice of cases and controls. Cross-sectional study: 
give the eligibility criteria, and the sources and methods of the selection of participants. 
(b) Cohort study: for matched studies, give matching criteria and number of exposed 
and unexposed. Case-control study: for matched studies, give matching criteria and the 
number of controls per case.

7.  Clearly define all outcomes, exposures, predictors, potential confounders and 
effect modifiers. Give diagnostic criteria, if applicable.

8.  For each variable of interest, give sources of data and details of methods of as-
sessment (measurement). Describe comparability of assessment methods if there is 
more than one group.

9.   Describe any efforts to address potential sources of bias.
10. Explain how the study size was arrived at.
11. Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why.
12. (a) Describe all statistical methods, including those used to control for con-

founding. (b) Describe any methods used to examine subgroups and interactions. (c) 
Explain how missing data were addressed. (d) Cohort study: if applicable, explain how 
loss to follow-up was addressed. Case-control study: if applicable, explain how matching 

of cases and controls was addressed. Cross-sectional study: if applicable, describe ana-
lytical methods taking account of sampling strategy. (e) Describe any sensitivity analy-
ses.

13. (a) Report numbers of individuals at each stage of study – e.g., numbers of po-
tentially eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analyzed. (b) Give reasons for non-participation at each 
stage . (c) Consider use of a f low diagram.

14. (a) Give characteristics of study participants (e.g., demographic, clinical, social) 
and information on exposures and potential confounders. (b) Indicate number of par-
ticipants with missing data for each variable of interest. (c) Cohort study: summarize 
follow-up time (e.g., average and total amount).

15. Cohort study: report numbers of outcome events or summary measures over 
time. Case-control study: report numbers in each exposure category, or summary mea-
sures of exposure. Cross-sectional study: report numbers of outcome events or sum-
mary measures.

16. (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 
and their precision (e.g., 95% CI). Make clear which confounders were adjusted for and 
why they were included. (b) Report category boundaries when continuous variables 
were categorized. (c) If relevant, consider translating estimates of relative risk into ab-
solute risk for a meaningful time period.

17. Report other analyses done – e.g., analyses of subgroups and interactions, and 
sensitivity analyses.

18. Summarize key results with reference to study objectives.
19. Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias.
20. Give a cautious overall interpretation of results considering objectives, limita-

tions, multiplicity of analyses, results from similar studies and other relevant evidence.
21. Discuss the generalizability (external validity) of the study results.
22. Give the source of funding and the role of the funders for the present study and, 

if applicable, for the original study on which the present article is based.
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