L))

Check for
updat

Original Article Page 1 of 11

Diagnostic performance of C-reactive protein for parapneumonic
pleural effusion: a meta-analysis

Dajiang Li", Yongchun Shen™, Jiangyue Qin**, Chun Wan’?, Ni Zeng?, Lei Chen’, Yue Dong’

'Center of Infectious Diseases and Department of Medical Affairs, West China Hospital/West China School of Medicine of Sichuan University,
Chengdu 610041, China; “Department of Respiratory and Critical Care Medicine, West China Hospital of Sichuan University, Chengdu 610041,
China; 'METRIC-Multidisciplinary Epidemiology and Translational Research in Intensive Care, Mayo Clinic, Rochester, MN, USA

Contributions: (I) Conception and design: D Li, Y Shen, L Chen, Y Dong; (IT) Administrative support: None; (III) Provision of study materials or
patients: None; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All
authors; (VII) Final approval of manuscript: All authors.

"These authors contributed equally to this work.

Correspondence to: Lei Chen, MD. Department of Respiratory and Critical Care Medicine, West China Hospital of Sichuan University, Chengdu
610041, China. Email: Ichens@126.com; Yue Dong, MD. METRIC-Multidisciplinary Epidemiology and Translational Research in Intensive Care,
Mayo Clinic, Rochester 55905, MN, USA. Email: Dong.yue@mayo.edu.

Background: Parapneumonic pleural effusion (PPE) refers to effusion secondary to lung infection, the
accurate diagnosis of which remains a clinical challenge. Many studies have suggested that the C-reactive
protein (CRP) may be useful for diagnosing PPE, but the results have varied. This study aimed to summarize
the overall diagnostic ability of serum/pleural CRP for PPE through a meta-analysis.

Methods: Eligible studies were searched for within PubMed, EMBASE, and other databases up to March 1,
2018. The main diagnostic indexes, sensitivity, specificity, positive likelihood ratio/negative likelihood ratio
(PLR/NLR), and diagnostic odds ratio (DOR), were then pooled from the individual studies. The summary
receiver operating characteristic curves and area under the curve (AUC) were used to summarize the overall
test performance.

Results: Eighteen publications were included in this meta-analysis. Summary estimates of the diagnostic
performance of pleural CRP for PPE were as follows: sensitivity, 0.80; specificity, 0.82; PLR, 4.51; NLR,
0.25; DOR, 18.26; and AUC, 0.88. The AUC of serum CRP in diagnosing PPE was 0.79. The diagnostic
indexes for pleural CRP in differentiating complicated PPE (CPPE) from uncomplicated PPE were as
follows: sensitivity, 0.65; specificity, 0.85; PLR, 4.26; NLR, 0.41; DOR, 10.38; and AUC, 0.83. There was no
evidence of publication bias.

Conclusions: Both serum and pleural CRP help to diagnose PPE but with moderate diagnostic ability.
Pleural CRP measurements also can aid in differentiating CPPE from uncomplicated PPE. However, the

results of the CRP assay should be interpreted with additional biomarker tests.
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Introduction pneumonia or lung infection (1). PPEs have traditionally

Pneumonia is still an important and common cause of been classified into three categories: uncomplicated PPE,

illness and mortality worldwide; Parapneumonic pleural which can be easily resolved by the antibiotic therapy;

effusion (PPE) refers to any effusion secondary to complicated parapneumonic pleural effusion (CPPE), which
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requires invasive treatments such as chest tube placement
or surgery to cure; and empyema, which must always be
drained and can be classified as CPPE to some extent (2).
PPE is a common complication of pneumonia, and in a
study involving 4,715 consecutive patients with community-
acquired pneumonia, 882 (19%) patients had radiological
evidence of pleural fluid, of whom 261 (30%) met the
criteria for empyema/CPPE (3). In an analysis based on
more than 3,000 consecutive thoracenteses, PPE was the
third leading cause of pleural effusion (4). The presence of
pleural effusion may cause confusion for clinicians since the
differential diagnosis of pleural effusion can be so difficult;
PPE must be differentiated from other causes of pleural
effusion, including malignant pleural effusion, tuberculous
pleural effusion, heart failure-associated pleural effusion,
etc. (5). Making accurate and rapid diagnoses of PPE and
CPPE may be of great importance for the management of
these patients and providing timely treatment and avoid
unnecessary invasive examinations.

C-reactive proteins (CRPs), known as “acute-phase
proteins,” are produced early in the inflammatory process
and provide enhanced protection against microorganisms,
limits tissue damage and promotes a rapid return to a
homeostatic state during infection (6). CRP is increased
in the serum/plasma of patients with pneumonia and plays
a valuable role in the diagnosis of pneumonia (7). Many
studies also confirmed that circulating CRP may “leak”
into the pleural cavity, and increased pleural CRP may
present a possible biomarker for pleural infection. In fact,
an increasing number of studies have reported that both
serum and pleural CRP can play a role in diagnosing PPE
and differentiating UPPE from CPPE, although with
inconclusive results (8,9). To provide a more objective
and comprehensive conclusion, this study attempts to
summarize the overall diagnostic performance of serum
and pleural levels of CRP for PPE/CPPE through a meta-
analysis based on the current available publications.

Methods
Literature search

A literature search was performed in PubMed, EMBASE,
Scopus, and Web of Science by two independent authors
(D Li and Y Shen). The search terms included “C-reactive
protein or CRP” AND “parapneumonic pleural effusion or
parapneumonic effusion or uncomplicated parapneumonic
pleural effusion or uncomplicated parapneumonic effusion
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or complicated parapneumonic pleural effusion or
complicated parapneumonic effusion or pleural infection or
infectious pleural effusion” AND “Sensitivity or specificity
or accuracy”. The search included published literature up
to March 1, 2018. References from eligible original and
review articles were manually checked to identify additional
potential studies.

Study selection

The inclusion criteria were set as follows: (I) they were
diagnostic studies using CRP to diagnose PPE or CPPE
in humans; (II) data for sensitivity and specificity could be
extracted from the individual study; (III) the study used
serum or pleural effusion for assay samples; and (IV) the
study was published in English. Conference abstracts
or letters to the editor with limited information were
excluded. Studies with a limited number of subjects (<20)
were also excluded to avoid selection bias. Two reviewers
(D Li and Y Shen) independently select eligible studies, and

discrepancies in selection were resolved by discussion.

Data collection

The full-text articles of all eligible publications were
reviewed by two independent authors (D Li and Y Shen).
Any discrepancies were resolved by discussion with a
third author (J Qin) to reach a final consensus. The data
extracted included the following: last name of author, year
of publication, country of study, sample size, details of
controls, assay samples, CRP assay method, and CRP cut-
off value. The true positive (TP), false positive (FP), false
negative (FN), and true negative (TN) values for each
study were also extracted by calculating the sensitivity and
specificity.

Study quality assessment

We evaluated the methodological quality of the eligible
studies by using the QUADAS-2 tool (10). QUADAS-2
assesses risk of bias in 4 domains (patient selection, index
test, reference standard, flow and timing) and applicability
concerns in 3 domains. A result of “Yes,” “Unclear” or
“No” was given according to the criterion. The responses
for each criterion were then converted into risk of bias and
applicability concerns as low, high, or unclear. A QUADAS
plot was then created using Review Manager software
(version 5.2, the Cochrane Collaboration).
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Meta-analysis

The standard methods recommended for diagnostic meta-
analysis and systematic review were used (11). First, we
determined the diagnostic accuracy of CRP for PPE (all
kinds of PPE wvs. controls); then, among available patients
with PPE, we calculated the ability of CRP to differentiate
UPPE from CPPE (including empyema). If one study
used both serum and pleural effusion samples, each sample
was treated as a separate study. The following indexes of
diagnostic accuracy were pooled for each study using a
bivariate regression model: sensitivity, specificity, positive
likelihood ratio (PLR), negative likelihood ratio (NLR),
and diagnostic odds ratio (DOR). The diagnostic threshold
identified for each study was used to plot a summary
receiver operating characteristic (SROC) curve (12). The
area under the SROC curve (AUC) was used to assess the
overall diagnostic performance of CRP. The interstudy
heterogeneity was calculated by the chi-square-based Q
test and the inconsistency index I. A significant Q test
(P<0.05 or I’>50%) indicated heterogeneity among the
studies. Since publication bias is of concern in diagnostic
meta-analyses containing more than nine studies, we tested
for bias using Deeks’ funnel plots (13). Analyses were
performed using the “Midas” module in STATA, version
12.0 (Stata Corporation, College Station, TX, USA). A
two-sided P value of <0.05 was considered significant.

Results
Characteristics of included studies

After a systematic literature search and selection, 18
publications containing 3,000 subjects (without overlap)
were included in the meta-analysis (14-31). The process
of study selection is shown in Figure SI1. The studies were
performed in nine countries and published from 2006 to
2017. Nine studies investigated the diagnostic performance
of pleural CRP for PPE (15,16,18-21,24,27,28), and five
studies used serum CRP to diagnose PPE (19,23,25,30,31).
Seven assessed the potential of pleural CRP for
differentiating CPPE from UPPE (14,16,17,21,22,26,29),
two of which also determined the diagnostic role of serum
CRP for CPPE (22,26).

All studies supplied the definition of PPE and CPPE,
with PPE referring to any pleural exudates due to bacterial
pneumonia, lung abscess or bronchiectasis, while CPPE
was defined as nonpurulent effusions that required an
invasive procedure, such as tube thoracostomy, for effective
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resolution, which was widely accepted in the area of
study area for PPE. For studies using CRP to diagnose
PPE, the control groups included tuberculous pleural
effusion, malignant pleural effusion, nonparapneumonic
exudates, and transudates due to heart failure or other
causes (Table SI). The CRP levels were mainly measured
by immunoturbidimetric assays, immunonephelometry,
chemiluminescent immunoassays, and enzyme-linked
immunosorbent assays. All studies supplied the CRP cut-off
value. The clinical summary for each included study is listed
in Table 1. Tables 2,3 summarize the diagnostic performance
of CRP for PPE and CPPE, respectively.

Quality assessment of included studies

In the included studies, a high risk of bias in the patient
selection domain was mainly due to an unclear description
of patient enrollment (27). The high risk of bias in the
index test domain was primarily from unclear reporting
regarding whether the reference standard results were
known prior to interpreting the CRP and whether a
threshold was prespecified (18,19,23,25). The flow and
timing domains demonstrated a high risk of bias because
of patients receiving different reference standards and a
lack of reporting of the time between the index test and
reference standard (14). These studies generally did well
in the reference standard domain, with the exception of
three studies providing insufficient information about the
assay methods for CRP, resulting in an unclear risk of bias
and high applicability concerns (23,25,30). Figure 1 shows a
summary of the quality of the included studies.

Diagnostic accuracy of CRP for PPE

Summary estimates of the diagnostic performance of
pleural CRP for PPE were as follows: sensitivity, 0.80
(95% CI: 0.62-0.90) (Figure 2A); specificity, 0.82 (95%
CI: 0.64-0.93) (Figure 2B); PLR, 4.51 (95% CI: 1.91-10.68);
NLR, 0.25 (95% CI: 0.12-0.52); and DOR, 18.26 (95%
CI: 4.32-77.18). The AUC was 0.88 (95% CI: 0.84-0.90)
(Figure 2C). Heterogeneity examinations suggested that
the I’ values of sensitivity and specificity were 89.09% and
95.24%, respectively, with both P values <0.05, indicating
significant heterogeneity among the included studies.

There were five studies that assessed the value of serum
CRP in diagnosing PPE, and the corresponding sensitivity,
specificity, PLR, NLR and DOR were 0.77 (95% CI: 0.64—
0.86) (Figure 34), 0.71 (95% CI: 0.61-0.79) (Figure 3B),
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Table 1 Clinical summary of included studies

Author Year Country iiireél Sample Assay method dS(:zE;; DiaF?:; € Diglgar;I)Ese
Chen et al. (14) 2006 China 40/29 PF Immunoturbidimetric assay P - Y
Kiropoulos et al. (15) 2007 Greece 15/82 PF Immunonephelometry P Y -
Porcel et al. (16) 2008 Spain 51/49 PF Immunoturbidimetric assay R Y
Porcel et al. (17) 2009 Spain 158/150 PF Immunoturbidimetric assay R Y Y
Determann et al. (18) 2010 Netherlands 16/51 PF Immunoturbidimetric assay R Y -
San José et al. (19) 2010 Spain 28/205 PF/S Chemiluminescent immunoassay NA Y

Yang et al. (20) 2010 China 18/54 PF Immunoturbidimetric assay P Y -
Porcel et al. (21) 2012 Spain 170/213 PF Immunoturbidimetric assay R Y Y
Skouras et al. (22) 2012 Greece 20/34 PF/S Immunonephelometry P - Y
Lee et al. (23) 2013 Korea 32/66 S NA P Y -
Yeo et al. (24) 2013 Korea 29/74 PF ELISA P Y -
Ozsu et al. (25) 2013 Turkey 24/60 S NA P Y -
Bielsa et al. (26) 2014 Spain 44/32 PF/S Immunoturbidimetric assay R - Y
Gabhale et al. (27) 2015 India 9/178 PF Immunoturbidimetric assay NA Y -
Izhakian et al. (28) 2016 Israel 38/186 PF Immunoturbidimetric assay R Y -
Porcel et al. (29) 2016 Spain 202/143 PF Immunoturbidimetric assay R - Y
Dixon et al. (30) 2017 UK 80/313 S NA P Y -
Lee et al. (31) 2017 Korea 41/36 S Immunonephelometry R Y -

CPPE, complicated parapneumonic pleural effusion; NA, not available; P, prospective; PF, pleural effusion; PPE, parapneumonic pleural
effusion; QUADAS, quality assessment tool for diagnostic accuracy studies; R, retrospective; S, serum; Y, yes.

Table 2 Diagnostic performance of CRP for parapneumonic pleural effusion

Author Sample Cut-off (mg/L) TP FP FN TN
Kiropoulos et al. (15) PF 53 15 17 0 65
Porcel et al. (16) PF 80 77 10 81 140
Determann et al. (18) PF 10 14 15 2 36
San José et al. (19) PF 3.73 21 56 7 149
Yang et al. (20) PF 9.07 14 48 4 36
Porcel et al. (21) PF 45 128 53 42 160
Yeo et al. (24) PF 101.66 13 18 16 56
Gabhale et al. (27) PF 90.8 9 0 0 178
Izhakian et al. (28) PF 13.8 32 53 6 133
San José et al. (19) S 9.06 18 64 10 141
Lee et al. (23) S 83.5 20 16 12 50
Ozsu et al. (25) S 56 18 28 6 32
Dixon et al. (30) S 46.5 74 103 6 210
Lee et al. (31) S 90 31 4 10 32

CRP, C-reactive protein; FN, false negative; FP, false positive; PF, pleural effusion; S, serum; TN, true negative; TP, true positive.
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Table 3 Diagnostic performance of CRP for complicated parapneumonic pleural effusion

Author Sample Cut-off (mg/L) TP FP FN TN
Chen et al. (14) PF 87 32 1 8 28
Porcel et al. (16) PF 80 38 14 13 35
Porcel et al. (17) PF 80 46 15 22 45
Porcel et al. (21) PF 100 53 9 39 69
Skouras et al. (22) PF 78.5 17 2 3 32
Bielsa et al. (26) PF 100 21 8 23 24
Porcel et al. (29) PF 100 91 23 111 120
Skouras et al. (22) S 83 9 5 11 29
Bielsa et al. (26) S 200 33 8 24 35

CRP, C-reactive protein; FN, false negative; FP, false positive; PF, pleural effusion; S, serum; TN, true negative; TP, true positive.
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Figure 1 Quality assessment of individual studies in terms of risk of bias and applicability concerns based on the Quality Assessment of

Diagnostic Accuracy Studies-2.
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Figure 2 Diagnostic performance of pleural CRP for parapneumonic pleural effusions. CRP, C-reactive protein. (A) Forest plot of sensitivity

for pleural CRP in diagnosing parapneumonic pleural effusions; (B) forest plot of specificity for pleural CRP in diagnosing parapneumonic
pleural effusions; (C) the SROC curve of pleural CRP for the diagnosis of parapneumonic pleural effusions, the AUC was 0.88. SROC,

summary receiver operating characteristic; AUC, area under the curve; CRP, C-reactive protein.

2.61 (95% CI: 1.91-3.57), 0.33 (95% CI: 0.20-0.54), and
7.96 (95% CI: 3.92-16.23), respectively. The AUC was 0.79
(95% CI: 0.75-0.83) (Figure 3C).

Diagnostic accuracy of CRP for CPPE

Next, we investigated the ability of CRP in differentiating
CPPE from UPPE within seven studies involving a total
of 942 patients with PPE. The summary estimates of the
diagnostic performance of pleural CRP were as follows:
sensitivity, 0.65 (95% CI: 0.53-0.76) (Figure 4A); specificity,
0.85 (95% CI: 0.76-0.90) (Figure 4B); PLR, 4.26 (95% CI:

© Annals of Translational Medicine. All rights reserved.

2.49-7.29); NLR, 0.41 (95% CI: 0.29-0.59); and DOR,
10.38 (95% CI: 4.46-24.19). The AUC was 0.83 (95% CI:
0.80-0.86) (Figure 4C). Since only two studies evaluated
the diagnostic potential of serum CRP for CPPE, we could
not perform a meta-analysis to summarize the diagnostic
performance. Table 4 summarizes the overall diagnostic
performance of CRP.

Publication bias detection

Deeks’ funnel plot asymmetry test was used to evaluate the
likelihood of publication bias. Although the funnel plots

atm.amegroups.com Ann Transl Med 2019;7(1):1
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Figure 3 Diagnostic performance of serum CRP for parapneumonic pleural effusions. (A) Forest plot of sensitivity for serum CRP in

diagnosing parapneumonic pleural effusions; (B) forest plot of specificity for serum CRP in diagnosing parapneumonic pleural effusions;

(C) the SROC curve of serum CRP for the diagnosis of parapneumonic pleural effusions, the AUC was 0.79. SROC, summary receiver

operating characteristic; AUC, area under the curve; CRP, C-reactive protein.

for publication bias appear to suggest some asymmetry due
to the limited number of studies (Figure 5), the P values
associated with Deeks’ test were not significant (P=0.31),
suggesting a low likelihood of publication bias among the
studies evaluating the diagnostic potential of pleural CRP
for PPE.

Discussion

The early identification of PPE and CPPE may benefit
patients with timely treatment and avoid unnecessary

© Annals of Translational Medicine. All rights reserved.

tests, especially for CPPE patients who need invasive
treatment (32). CRP, a classical inflammatory biomarker,
has been widely used in diagnosing infectious diseases,
including community-acquired pneumonia, sepsis, etc. (33).
In this study, we summarized the overall performance
of CRP for diagnosing PPE and further determined the
accuracy of CRP in differentiating CPPE. We found that
CRP shows a moderate ability for diagnosing PPE and
differentiating CPPE and that CRP should be used in
combination with other markers.

Nine studies with 1,704 subjects were used to evaluate the
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Figure 4 Diagnostic performance of pleural CRP for complicated parapneumonic pleural effusions. (A) Forest plot of sensitivity for pleural

CRP in diagnosing complicated parapneumonic pleural effusions; (B) forest plot of specificity for pleural CRP in diagnosing complicated

parapneumonic pleural effusions; (C) the SROC curve of pleural CRP for the diagnosis of complicated parapneumonic pleural effusions, the

AUC was 0.83. SROC, summary receiver operating characteristic; AUC, area under the curve; CRP, C-reactive protein.

Table 4 Diagnostic summary of CRP

PPE vs. non-PPE (95% Cl)

CPPE vs. UPPE

Diagnostic index

Pleural CRP (n=9)

Serum CRP (n=5)

Pleural CRP (n=7)

Sensitivity
Specificity
PLR

NLR

DOR

AUC

0.80 (0.62-0.90)
0.82 (0.64-0.93)
4.51(1.91-10.68)
0.25 (0.12-0.52)
18.26 (4.32-77.18)

0.88 (0.84-0.90)

0.77 (0.64-0.86)
0.71 (0.61-0.79)
2.61 (1.91-3.57)
0.33 (0.20-0.54)
7.96 (3.92-16.23)

0.79 (0.75-0.83)

0.65 (0.53-0.76)
0.85 (0.76-0.90)
4.26 (2.49-7.29)

0.41 (0.29-0.59)

10.38 (4.46-24.19)

0.83 (0.80-0.86)

AUC, area under the curve; CPPE, complicated parapneumonic pleural effusion; CRP, C-reactive protein; DOR, diagnostic odds ratio;
NLR, negative likelihood ratio; PLR, positive likelihood ratio; PPE, parapneumonic pleural effusion.
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Figure 5 Funnel plots for assessing the risk of publication bias.
Publication bias in studies assessing the role of pleural CRP for
the diagnosis of parapneumonic pleural effusions, P=0.31. CRP,

C-reactive protein.

accuracy of pleural CRP in diagnosing PPE. The sensitivity
and specificity of pleural CRP in diagnosing PPE were 0.80
and 0.82, respectively. Both sensitivity and specificity were
moderate, which indicates that 20% of the PPE patients
will have a missed diagnosis, and 18% of patients with
other causes of pleural effusion will be misdiagnosed as
PPE. The DOR, a single indicator of test performance in
diagnostic meta-analysis (34), was 18.26, suggesting that
CRP may be a helpful ancillary marker when interpreted
together with additional diagnostic markers. Likelihood
ratios >10 and <0.1 are considered strong indicators to rule
in or rule out a diagnosis, respectively. In the present meta-
analysis, the PLR was 4.51, and NLR was 0.25, suggesting
a limited ability to discriminate PPE from controls. The
AUC of pleural CRP was 0.88, with a medium diagnostic
performance. The AUC of serum CRP was only 0.79, lower
than in pleural effusion. Thus, the clinical results of pleural/
serum CRP tests should be interpreted with caution.

The treatment of PPE is challenging due to the decision
of whether or not to insert chest tubes, and CPPEs require
semi-invasive (e.g., therapeutic thoracentesis and chest
tube) or invasive (e.g., surgery) interventions for a cure,
besides antibiotics (32). Many studies support a pleural pH
value <7.20 or a glucose level <60 mg/dL as a treatment
threshold for chest tube insertion in CPPE, but pleural pH
measurements lack sufficient sensitivity and are affected
by the sample collection method (32,35). Many studies
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have investigated the role of pleural CRP in differentiating
CPPE from UPPE, and our meta-analysis included seven
such studies with 942 patients with PPE. Our results found
that sensitivity and specificity of CRP in differentiating
CPPE from UPPE were 0.65 and 0.85, respectively,
suggesting a relatively high missed diagnosis (35%) and
misdiagnosis rate (15%). The AUC was 0.83, which means
that pleural CRP may help distinguish CPPE from UPPE
but only with a moderate discriminatory ability.

The combination of multiple markers may increase
the diagnostic accuracy for PPE. In Porcel et al’s study,
the combination of pleural CRP and pleural neutrophils
increased the sensitivity of diagnosing PPE from 0.75 to
0.91, which significantly increased the ability to identify
PPE (21). The combination of CRP and pH increased the
sensitivity of diagnosing CPPE from 0.58 to 0.79 (21).
We suggest that the clinical utility of CRP should be
combined with other traditional infectious markers, such
as procalcitonin and triggering receptor expressed on
myeloid cells-1, and biochemical markers, such as pH,
pleural neutrophils and protein (18,19,21), to increase the
diagnostic accuracy.

In fact, in 2012, a systematic review was published
regarding the diagnostic role of procalcitonin and CRP
for PPE (36). However, at the time, there were only
three studies that investigated the diagnostic accuracy of
CRP for PPE. In the past few years, additional studies
have been published, providing more clinical evidence to
support CRP as a diagnostic marker for PPE. Additionally,
we separated the data of CPPE patients from all PPE
patients, we summarized the role of pleural CRP in
distinguishing CPPE from UPPE, and we supplied more
evidence of CRP in guiding the invasive management
of PPE patients. We also noticed significant differences
in the cut-off values of CRP, which may be attributed
to the different clinical contexts of the patient. Based
on QUADAS-2 results, four studies caused a high
risk of bias in the index test because there was unclear
reporting regarding whether the reference standard
results were known prior to interpreting the CRP values
and whether a threshold was prespecified (18,19,23,25).
A good diagnostic study requires the operator to be blind
to the information of cases, and in independent clinical
samples, a fixed threshold value may decrease the diagnostic
accuracy (10), which should be clearly stated in further
studies. The method of assaying CRP levels varied among
the included studies, and three studies did not report the
CRP assay method (23,25,30), which caused some bias
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for reference standard domain. Future studies should pay
attention to the standard process of CRP measurement in
pleural effusion.

Our meta-analysis has several limitations to address.
First, although we performed an extensive systematic
literature search in the main databases, only 18 publications
were included in the meta-analysis after a strict selection
criterion. The limited number of studies may not have been
sufficient to give a definitive conclusion of whether CRP
is a valuable marker for PPE or CPPE. Second, although
we observed significant heterogeneity among the included
studies, we did not perform a meta-regression to investigate
the possible sources of heterogeneity due to the limited
number of studies. Third, to guarantee the quality of the
meta-analysis, we included only English articles in a limited
number of databases; thus, the meta-analysis results may
be biased by the omission of unpublished studies, studies
published in other languages or not indexed in the databases
we searched. Further studies should be well designed and
performed on a large scale to validate the potential of CRP
as a biomarker in diagnosing PPE.

Conclusions

In summary, CRP can play a role in diagnosing PPE and
differentiating CPPE from UPPE; however, the results of
CRP assays should be interpreted with other markers. More
studies are needed to confirm the findings of this study.
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Figure S1 Flow diagram of study selection.

Table S1 The background of control patient (non-PPE patients)

!

Publications included in qualitative
synthesis (n=18)

!

Publications included in quantitative
synthesis (meta-analysis)

(n=18)

Author Year Country Control background

Kiropoulos et al. (15) 2007 Greece TPE, MPE

Porcel et al. (17) 2009 Spain TPE, MPE, miscellaneous exudates, transudates due to heart failure,
cirrhosis, nephrotic syndrome or atelectasis

Determann et al. (18) 2010 Netherlands Transudate, nonparapneumonic exudates

Yang et al. (19) 2010 China Transudates, TPE, MPE

San José et al. (20) 2010 Spain TPE, MPE, miscellaneous exudates, and transudates due to heart failure
and cirrhosis

Porcel et al. (21) 2012 Spain TPE, MPE, pleural effusion due to heart failure, pericardial diseases,
abdominal pathology, pulmonary embolism, connective diseases, and
miscellaneous pleural effusion

Lee et al. (23) 2013 Korea TPE, MPE

Yeo et al. (24) 2013 Korea TPE, MPE

Ozsu et al. (25) 2013 Turkey MPE, miscellaneous exudative pleural effusion

Gabhale et al. (27) 2015 India CNI, MPE, TPE, other

Izhakian et al. (28) 2016 Israel MPE, pleural effusion due to heart failure and post lung transplant surgery

Dixon et al. (30) 2017 UK TPE, MPE, heart failure, BAPE, inflammatory pleuritis, other

Lee et al. (31) 2017 Korea TPE

CNI, chronic nonspecific inflammation; MPE, malignant pleural effusion; TPE, tuberculous pleural effusion.



