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Abstract

Background

Previous studies have reported that natriuretic peptides in the blood and pleural fluid (PF)

are effective diagnostic markers for heart failure (HF). These natriuretic peptides include

N-terminal pro-brain natriuretic peptide (NT-proBNP), brain natriuretic peptide (BNP), and

midregion pro-atrial natriuretic peptide (MR-proANP). This systematic review and meta-

analysis evaluates the diagnostic accuracy of blood and PF natriuretic peptides for HF in

patients with pleural effusion.

Methods

PubMed and EMBASE databases were searched to identify articles published in English

that investigated the diagnostic accuracy of BNP, NT-proBNP, and MR-proANP for HF. The

last search was performed on 9 October 2014. The quality of the eligible studies was

assessed using the revised Quality Assessment of Diagnostic Accuracy Studies tool. The

diagnostic performance characteristics (sensitivity, specificity, and other measures of accu-

racy) were pooled and examined using a bivariate model.

Results

In total, 14 studies were included in the meta-analysis, including 12 studies reporting the

diagnostic accuracy of PF NT-proBNP and 4 studies evaluating blood NT-proBNP. The

summary estimates of PF NT-proBNP for HF had a diagnostic sensitivity of 0.94 (95% confi-

dence interval [CI]: 0.90–0.96), specificity of 0.91 (95% CI: 0.86–0.95), positive likelihood
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ratio of 10.9 (95% CI: 6.4–18.6), negative likelihood ratio of 0.07 (95% CI: 0.04–0.12), and

diagnostic odds ratio of 157 (95% CI: 57–430). The overall sensitivity of blood NT-proBNP

for diagnosis of HF was 0.92 (95% CI: 0.86–0.95), with a specificity of 0.88 (95% CI: 0.77–

0.94), positive likelihood ratio of 7.8 (95% CI: 3.7–16.3), negative likelihood ratio of 0.10

(95% CI: 0.06–0.16), and diagnostic odds ratio of 81 (95% CI: 27–241). The diagnostic

accuracy of PF MR-proANP and blood and PF BNP was not analyzed due to the small num-

ber of related studies.

Conclusions

BNP, NT-proBNP, and MR-proANP, either in blood or PF, are effective tools for diagnosis

of HF. Additional studies are needed to rigorously evaluate the diagnostic accuracy of PF

and blood MR-proANP and BNP for the diagnosis of HF.

Introduction
The presence of pleural fluid (PF) is commonly encountered in clinical practice. The develop-
ment of PF is associated with a broad range of etiologies, such as heart failure (HF), tuberculo-
sis, malignancy, and pulmonary embolism [1]. PF is generally categorized as either transudate,
which is usually caused by HF (80% of cases) or cirrhosis (20% of cases), or exudate, which is
generally caused by localized inflammatory disease such as infection or malignancy. During
the past decades, the criteria established by Light et al. [2] have been widely used to differenti-
ate exudates from transudates. Although these criteria have high sensitivity in the identification
exudates, they have low specificity [3], and approximately 25% of transudates are erroneously
identified as exudates according to the Light criteria [4].

Among patients with pleural effusion, the diagnosis of HF typically depends on the medical
history, signs, and symptoms, as well as the presence of specific biomarkers. As some of the
symptoms and signs (e.g., dyspnea and fatigue) can also be observed in non-HF patients, bio-
markers can be more valuable for the differentiation of pleural effusions resulting from HF
from those of other causes.

Natriuretic peptides constitute a family of hormones that are produced and secreted by the
heart muscle in response to increased tension or stretching and other stimulatory factors, such
as other peptides and hormones (e.g., glucocorticoids and thyroid hormones), biologic sub-
stances (e.g., nitric oxide), and cytokines (e.g., interleukin-1 and interleukin-6) [5, 6]. Accumu-
lated evidence shows that serum or plasma levels of three natriuretic peptides, namely brain
natriuretic peptide (BNP), amino-terminal proBNP (NT-proBNP), and midregion pro-atrial
natriuretic peptide (MR-proANP), are powerful diagnostic tools for HF [7–13]. Three meta-
analyses performed in 2010 and 2011 found that an increased level of NT-proBNP in PF has a
high diagnostic accuracy for HF [14–16]. However, additional studies have since been pub-
lished on this topic, and an updated meta-analysis is necessary to estimate the diagnostic accu-
racy of PF NT-proBNP for HF. Furthermore, two other natriuretic peptides in addition to PF
NT-proBNP, namely blood and PF BNP and MR-proANP, have also been described as effec-
tive diagnostic markers for HF. Therefore, we performed the present systematic review and
updated meta-analysis to establish the overall diagnostic accuracy of these natriuretic peptides
for HF in patients with PF.
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Materials and Methods

Search strategy and study selection
This meta-analysis was performed and reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (S1 Checklist. PRISMA
checklist) [17]. The EMBASE and PubMed databases were searched to identify potentially eli-
gible studies published in English through 9 October 2014. The keywords and algorithm for
the literature search for PubMed were as follows: (“natriuretic peptide”OR “natriuretic pep-
tides” OR “BNP” OR “nt-pro-bnp” OR “ANP” OR “mr-pro-anp”) AND (“heart failure” OR
“cardiac failure” OR “cardiac”) AND (“pleural fluid”OR “pleural fluids” OR “pleural effusion”
OR “pleural effusions”). A similar strategy was used when searching the EMBASE database. A
manual search was also performed using the references listed in the retrieved articles.

The inclusion criteria for the present study were: 1) evaluation of the diagnostic accuracy of
blood or PF natriuretic peptides (BNP, NT-proBNP, and/or MR-proANP) for the diagnosis of
HF; 2) a sample of> 10 patients with or without HF because small samples can introduce
marked bias in estimations of sensitivity and specificity [18]; 3) reported sensitivity and speci-
ficity of natriuretic peptides or the ability to obtain these parameters from the receiver operat-
ing characteristic (ROC) curve; and 4) reported sample sizes of the patients with and without
HF. Studies not published in English, conference abstracts, letters to the editor, and animal
studies were excluded from the analysis. When duplicate reports were encountered, only the
study with more detailed information was included.

Data extraction and quality assessment
Two investigators independently retrieved the scientific literature. The titles and abstracts of all
potentially relevant studies were reviewed to identify any eligible studies. A full-text review was
performed when necessary. Any disagreements regarding study eligibility were resolved by dis-
cussion and consensus.

The two investigators independently performed the data extraction and quality assessment.
The following data were extracted from each eligible study: name of the first author, publica-
tion year, source of participants, sample size, control component, reference used for HF diag-
nosis, type of data collection (prospective or retrospective), assay used for natriuretic peptides
detection, and area under the ROC curve (AUC). A 2 × 2 table was constructed, and the true-
positive, false-positive, false-negative, and true-negative rates were calculated.

Two investigators independently assessed the quality of all included studies using the
revised Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool [19]. The corre-
sponding authors of the eligible studies were not contacted to obtain detailed design informa-
tion if the necessary data were not reported in the full text; in such cases, the corresponding
items or domain in the QUADAS-2 were labeled “unknown.” Any disagreement regarding the
quality assessment was resolved by consensus.

Statistical analysis
The overall diagnostic sensitivity and specificity of each natriuretic peptide for HF were pooled
using a bivariate model [20]. Forest plots were used to graphically depict the heterogeneity
across all eligible studies as well as the overall diagnostic sensitivity and specificity. Cochrane’s
Q and the inconsistency index (I2) were calculated to determine the degree and significance of
heterogeneity across all eligible studies [21]. We also explored the degree to which heterogene-
ity could be explained by the threshold effect. The Fagan method [22] was used to calculate the
post-test probability, and the prevalence of HF among all patients was assumed to be the
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pretest probability of HF. Funnel plots and Deeks’ test was performed to determine the pres-
ence of publication bias [23]. All analyses were performed using STATA 12.0 (Stata Corp LP,
College Station, TX, USA), and the midas command was used for all statistical analyses [24].

Results

Summary of eligible studies
In total, 14 studies involving 599 patients with HF and 1055 patients without HF were included
in the present work [25–38]. A flow chart depicting the study selection process is shown in
Fig 1. A summary of the most pertinent details of the eligible studies is shown in Table 1. The

Fig 1. Flow chart illustrating the systematic literature search and study selection process.

doi:10.1371/journal.pone.0134376.g001
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sample size of these 14 studies ranged from 28 to 398. Half of the studies were prospective [25,
27, 32, 34–36, 38], five were retrospective [26, 28–31], and the remaining two did not report
their design characteristics [33, 37]. The control groups generally comprised patients with
malignancy, tuberculosis, parapneumonic effusion, pulmonary embolism, hepatic hydrotho-
rax, postcardiac injury syndrome, collagen disease, and other conditions.

Quality assessment of eligible studies
Table 2 presents the design quality of all eligible studies as assessed by the QUADAS-2. In gen-
eral, the patient selection, index test, and reference standard domains for application concerns
were labeled “low-risk” because the enrolled patients, index test used for evaluation, and refer-
ence standard used were well matched to the review question in all studies. In three studies, the
risk of bias associated with patient selection was determined to be high because the patients
were not consecutively or randomly enrolled [26, 29, 38]. One study [37] was labeled
“unknown” because the author did not report the method of patient recruitment. The index
test domain of nine studies was labeled “high” because, although the sample sizes were small,
the threshold was not prespecified [25, 29, 31, 33, 35–38]. This domain in one study was
labeled “unknown” because the author did not report whether the index test results were inter-
preted without knowledge of the reference standard results [32, 34]. The reference standard
domain of two studies was labeled “unknown” because the authors did not report whether the
clinicians were blinded to the index test results when they established the diagnosis [29, 38].
The flow and timing domain for all studies except two [28, 34] was labeled “unknown” because

Table 1. Summary of eligible studies.

First author Year Country No. HF/
non-
HF

Characteristics of controls Reference Data
collection

Cincin [25] 2013 Turkey 66 21/45 M, PP, empyema, TB, renal failure Clinical Prospective

Porcel [26] 2013 Spain 185 95/90 M, TB, PP, HH, PE, pericardial disease Framingham
score

Retrospective

Valdes [27] 2011 Spain 398 94/304 LC, NS, M, PP, TB, miscellaneous Clinical Prospective

Marinho [28] 2011 Brazil 77 34/43 M, TB, HH Clinical Unknown

Long [29] 2010 USA 80 20/60 PCABG, pneumonia, M Clinical Retrospective

Porcel [30] 2009 Spain 181 90/91 HH, M, PP, TB, PE, hemothorax, Dressler syndrome, drug-
induced

Framingham
score

Retrospective

Bayram [31] 2009 Turkey 133 51/82 LC, NS, TB, PE, M, PP Clinical Prospective

Han [32] 2008 Korea 240 82/158 LC, TB, PP, M Clinical Prospective

Liao [33] 2008 China 40 10/30 PCABG, PE, M Clinical Unknown

Porcel [34] 2007 Spain 93 53/40 M, LC, TB, PP, NS, PE, PCIS, hypoalbuminemia, hemothorax,
paradoxical response to antituberculous therapy, atelectasis,
postabdominal surgical procedure, uremia

Clinical Prospective

Kolditz [35] 2006 Germany 93 25/68 M, PP, empyema, acute pleuritis, PCIS, after local surgery, CD,
TB, chylothorax

Clinical Prospective

Gegenhuber
[36]

2005 Austria 57 31/26 M, infective diseases, LC, TB, renal failure Clinical Prospective

Porcel [37] 2004 Spain 117 44/57 M, TB, PP, HH, PE Clinical Unknown

Tomcsanyi
[38]

2004 Hungary 28 14/14 M, TB, collagen disease, PCIS Framingham
score

Prospective

M: malignancy, TB: tuberculosis, PP: parapneumonic effusion, PE: pulmonary embolism, LC: liver cirrhosis, HF: heart failure, HH: hepatic hydrothorax,

NS: nephrotic syndrome, PCABG: postcoronary artery bypass grafting, PCIS: postcardiac injury syndrome, CD: collagen disease

doi:10.1371/journal.pone.0134376.t001
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the author did not report whether all enrolled patients received the same reference standard;
therefore, neither partial nor differential verification bias could be completely excluded.

Diagnostic accuracy of natriuretic peptides for HF in patients with PF
As shown in Table 3, 13 studies evaluated the diagnostic accuracy of PF NT-proBNP for HF
[25–27, 29–38], three studies investigated PF BNP [28–30], and one study investigated PF MR-
proANP [26]. Two studies investigated the diagnostic accuracy of blood BNP [28, 36], and four
studies evaluated blood NT-proBNP [27, 31, 34, 35].

Because the diagnostic accuracy of blood BNP, PF BNP, and PF MR-proANP for HF was
investigated in only two, three, and one study, respectively, we only evaluated the diagnostic
accuracy of PF and blood NT-proBNP for HF in the present meta-analysis. These results are
presented in Table 4. The overall sensitivity and specificity of PF NT-proBNP for diagnosis of
HF were 0.94 and 0.91, respectively. The I2 for sensitivity and specificity were 60.22 (95% confi-
dence interval [CI]: 35.04–85.40) and 89.13 (95% CI: 84.23–94.03), respectively. Bivariate
model analysis showed that this heterogeneity was completely (100%) explained by the thresh-
old effect. Fig 2 graphically depicts the overall diagnostic sensitivity and specificity as well as
the heterogeneity across all 12 studies that investigated the diagnostic accuracy of PF NT-
proBNP for HF. The overall sensitivity and specificity of blood NT-proBNP for diagnosis of
HF were 0.92 and 0.88, respectively. The I2 for sensitivity and specificity were 17.48 (95% CI:
0.00–100.00) and 94.58 (95%CI: 90.85–98.32), respectively. Bivariate model analysis also
showed that this heterogeneity was completely (100%) explained by the threshold effect. Con-
sidering that the heterogeneity across the studies could be completely explained by the thresh-
old effect, neither subgroup analysis nor meta-regression was performed.

The summary ROC (sROC) curve of PF NT-proBNP is shown in Fig 3. The AUC was 0.96
(95% CI: 0.94–0.98). The AUC of the sROC curve for blood NT-proBNP was 0.94 (95% CI:
0.92–0.96).

The pretest probability, which was defined in the present study as the overall prevalence of
HF among patients with PF, was 0.36 for PF NT-proBNP and 0.31 for blood NT-proBNP. The
post-test probabilities of negative and positive PF NT-proBNP were 0.04 and 0.86, respectively.

Table 2. Quality assessment of eligible studies by QUADAS-2.

Study Risk of bias Applicability concerns

Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Cincin [25] Low High Low Unknown Low Low Low

Porcel [26] High Low Low Unknown Low Low Low

Valdes [27] Low Low Low Unknown Low Low Low

Marinho [28] Low Low Low Low Low Low Low

Long [29] High High Unknown Unknown Low Low Low

Porcel [30] Low Low Low Unknown Low Low Low

Bayram [31] Low High Low Unknown Low Low Low

Han [32] Low Unknown Low Unknown Low Low Low

Liao [33] Low High Low Unknown Low Low Low

Porcel [34] Low High Low Low Low Low Low

Kolditz [35] Low High Low Unknown Low Low Low

Gegenhuber [36] Low High Low Unknown Low Low Low

Porcel [37] Unknown High Low Unknown Low Low Low

Tomcsanyi [38] High High Unknown Unknown Low Low Low

doi:10.1371/journal.pone.0134376.t002
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We also investigated the post-test probability of blood NT-proBNP. The post-test probabilities
of negative and positive PF NT-proBNP were 0.04 and 0.78, respectively.

Publication bias
Fig 4 shows a funnel plot for the studies included in the present meta-analysis. Obvious asym-
metry was observed. The results of Deeks’ test showed that there was no significant publication
bias (P = 0.894) among the 12 studies investigating the diagnostic accuracy of PF NT-proBNP
for HF. Publication bias was not assessed for studies that investigated the diagnostic accuracy
of blood BNP and NT-proBNP or PF BNP and MR-proANP due to the small number of
included studies.

Table 3. Diagnostic characteristics reported by eligible studies.

Biomarkers Study Assay AUC Threshold
(ng/L)

TP FP FN TN Sensitivity
(95% CI)

Specificity
(95% CI)

PF NT-proBNP

Cincin [25] Roche 0.93 (0.86–1.00) 2300 20 6 1 39 0.958 (–) 0.857 (–)

Porcel [26] Cobas 0.94 (0.89–0.97) 1700 87 16 8 74 0.92 (0.84–0.96) 0.82 (0.73–0.89)

Valdes [27] Roche 0.89 (0.86–0.92) 1409 80 62 14 242 0.85 (0.76–0.92) 0.80 (0.75–0.84)

Long [29] Biomedica 0.84 (0.72–0.95) 2000 16 16 4 44 0.80 (0.58–0.92) 0.73 (0.61–0.83)

Porcel [30] Roche 0.96 (0.94–0.99) 1500 84 10 6 81 0.93 (0.86–0.98) 0.89 (0.81–0.95)

Bayram [31] Roche 0.97 (–) 925 48 4 3 78 0.94 (0.87–0.97) 0.95 (0.88–0.99)

Han [32] Roche 1.00 (0.99–1.00) 1714 81 1 1 157 0.99 (0.93–1.00) 0.99 (0.96–1.00)

Liao [33] ALPCO 0.99 (0.97–1.00) 2220 10 1 0 29 1.00 (–) 0.97 (–)

Porcel [34] Roche 0.93 (0.87–0.99) 1500 49 5 4 35 0.92 (0.84–1.00) 0.87 (0.76–0.99)

Kolditz [35] Roche 0.98 (0.96–1.00) 4000 23 5 2 63 0.92 (0.74–0.99) 0.93 (0.84–0.98)

Porcel [37] Roche 0.97 (0.94–1.00) 1500 40 5 4 68 0.91 (0.81–1.00) 0.93 (0.87–1.00)

Tomcsanyi [38] Roche NR 599 14 0 0 14 1.00 (–) 1.00 (–)

PF BNP

Marinho [28] Advia 0.95 (0.87–0.99) 127 33 5 1 38 0.97 (0.85–1.00) 0.88 (0.74–0.96)

Long [29] Peninsula
Laboratories

0.70 (0.57–0.83) NR 14 25 6 35 0.70 (–) 0.58 (–)

Porcel [30] Advia 0.90 (0.86–0.95) 115 67 7 23 84 0.74 (0.64–0.83) 0.92 (0.85–0.97)

Blood NT-
proBNP

Valdes [27] Roche 0.89 (0.84–0.92) 748 84 82 10 222 0.90 (0.80–0.96) 0.73 (0.66–0.78)

Porcel [34] Roche 0.92 (0.85–0.98) 1500 49 6 4 34 0.92 (0.84–1.00) 0.85 (0.73–0.97)

Kolditz [35] Roche 0.98 (0.96–1.00) 4000 22 5 3 63 0.88 (0.69–0.97) 0.93 (0.84–0.98)

Bayram [31] Roche 0.97 (–) 1040 48 4 3 78 0.94 (0.88–0.96) 0.95 (0.88–0.99)

Blood BNP

Marinho [28] Advia 0.99 (0.93–1.00) 132 33 1 1 42 0.97 (0.85–1.00) 0.97 (0.87–1.00)

Gegenhuber
[36]

Abbott 0.98 (0.89–1.00) 520 30 3 1 23 0.97 (0.83–1.00) 0.89 (0.70–0.97)

PF MR-proANP

Porcel [26] BRAHMS 0.92 (0.87–0.95) 260 pmol/L 80 15 15 75 0.84 (0.75–0.91) 0.83 (0.74–0.90)

AUC: area under the receiver operating characteristic curve, TP: true-positive rate, FP: false-positive rate, FN: false-negative rate, TN: true-negative rate,

95%CI: 95% confidence interval, PF: pleural fluid, NR: not reported, NT-proBNP: N-terminal pro-brain natriuretic peptide, BNP: brain natriuretic peptide,

MR-proANP: midregion pro-atrial natriuretic peptide

doi:10.1371/journal.pone.0134376.t003
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Discussion
The present systematic review and meta-analysis investigated the diagnostic accuracy of natri-
uretic peptides for HF in patients with PF. The major findings of the present work are as fol-
lows. 1) Both blood and PF NT-proBNP have an extremely high diagnostic value for HF in
patients with pleural effusion. 2) PF NT-proBNP has a comparable and overlapping diagnostic
value with that of blood NT-proBNP. 3) PF MR-proANP, PF BNP, and blood BNP are effective
diagnostic tools for HF, though more studies are needed to rigorously assess their diagnostic
accuracy.

Table 4. Overall diagnostic accuracy of blood and pleural fluid NT-proBNP for heart failure.

NT-proBNP No. of studies AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI) PLR (95% CI) NLR (95% CI) DOR (95% CI)

Pleural fluid 12 0.96 (0.94–0.98) 0.94 (0.90–0.96) 0.91 (0.86–0.95) 10.9 (6.4–18.6) 0.07 (0.04–0.12) 157 (57–430)

Blood 4 0.94 (0.92–0.96) 0.92 (0.86–0.95) 0.88 (0.77–0.94) 7.8 (3.7–16.3) 0.10 (0.06–0.16) 81 (27–241)

NT-proBNP: N-terminal pro-brain natriuretic peptide, AUC: area under the receiver operating characteristic curve, 95%CI: 95% confidence interval, PLR:

positive likelihood ratio, NLR: negative likelihood ratio, DOR: diagnostic odds ratio

doi:10.1371/journal.pone.0134376.t004

Fig 2. Forest plot of the estimates of sensitivity and specificity for pleural fluid N-terminal pro-brain natriuretic peptide in the diagnosis of heart
failure.

doi:10.1371/journal.pone.0134376.g002
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Compared with previous meta-analyses on this topic [14, 15, 39], three strengths of the
present work should be pointed out. First, because recently published works were included in
this systematic review and meta-analysis, the sample size of the present study (n = 1654) is
larger than that of previous studies (n = 907 or 1120), making the results more reliable. Second,
in addition to a review of the diagnostic accuracy of PF NT-proBNP, the diagnostic accuracy of
PF BNP and MR-proANP and the blood NT-proBNP and BNP were analyzed. Third, in con-
trast to the traditional sROC approach, which uses the diagnostic odds ratio as the main out-
come measure and ignores the tradeoff between sensitivity and specificity, this study utilized a
bivariate model, which uses a sensitivity and specificity pair as the starting point of the analysis,
and thus may be more reliable for estimating the diagnostic accuracy of the index test in meta-
analyses [20]. Additionally, because bivariate models use a random-effects approach for both
specificity and sensitivity, any heterogeneity beyond chance could be regarded as a result of
clinical and methodological differences among studies. Moreover, the results indicate that,
although marked heterogeneity was present across the studies, this heterogeneity was
completely attributed to the threshold effect. This indicates that the studies included in the
present work were homogeneous. Overall, the results of this meta-analysis are reliable.

Fig 3. Summary receiver operating characteristic curves for overall diagnostic accuracy of pleural
fluid N-terminal pro-brain natriuretic peptide. Each study in the meta-analysis is represented by a solid
circle.

doi:10.1371/journal.pone.0134376.g003
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In the present meta-analysis, the diagnostic sensitivity and specificity of PF NT-proBNP for
diagnosis of HF diagnosis were 0.94 and 0.91, respectively; i.e., 94% of the patients with HF had
increased PF NT-proBNP levels and 91% of the patients without HF had decreased PF NT-
proBNP levels. Because sensitivity and specificity are often difficult to interpret in clinical prac-
tice, positive and negative likelihood ratios (PLR and NLR, respectively) are frequently used
because they more directly reflect the clinical utility of a given index test for a target disease.
PLR of> 10 or NLR of< 0.10 indicates that the index test is sufficient to verify or exclude the
target disease. In the present meta-analysis, the PLR and NLR for PF NT-proBNP were 10.09
and 0.07, respectively, indicating that PF NT-proBNP is sufficient to verify or rule out HF
among patients with pleural effusion. The clinical interpretation of blood NT-proBNP is simi-
lar to that of PF NT-proBNP. Notably, the PLR and NLR of blood NT-proBNP were 7.8 and
0.10, respectively, indicating that a negative blood NT-proBNP is sufficient to rule out HF
while a positive blood NT-proBNP is insufficient to confirm HF.

Because both sensitivity and specificity are affected by the threshold, they might not provide
a global view of the diagnostic accuracy of an index test. In contrast, the AUC of the sROC
curve is a global index with which to evaluate the diagnostic accuracy of an index test. In the
present study, the AUCs of the sROC curves for PF and blood NT-proBNP were 0.96 and 0.94,

Fig 4. Funnel plot for the assessment of publication bias.

doi:10.1371/journal.pone.0134376.g004
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respectively, indicating that both PF and blood NT-proBNP have high diagnostic accuracy for
HF.

Because there are no reliable statistical methods to compare the AUCs of sROCs, it remains
unknown whether the AUC for PF NT-proBNP is significantly higher than that of blood NT-
proBNP, which would indicate significantly higher overall diagnostic accuracy. Further studies
with individual patient data are needed to address this issue. In addition, a high correlation
between PF and blood NT-proBNP was reported by three of the eligible studies [27, 30, 35],
suggesting that the diagnostic value of blood and PF NT-proBNP for HF may overlap to a large
extent. Therefore, it seems that the diagnostic value of PF NT-proBNP for HF diagnosis cannot
be improved by blood NT-proBNP, and vice versa. Given that a diagnostic thoracentesis is
needed to acquire PF specimens for NT-proBNP determination, blood NT-proBNP remains a
preferred choice for diagnosing pleural effusion due to HF. Its high diagnostic accuracy for HF
among patients with pleural effusion may therefore eliminate the need for diagnostic thora-
centesis [25]. On the other hand, for patients who have undergone diagnostic thoracentesis, PF
NT-proBNP determination may help the clinicians to confirm the diagnosis of HF-associated
pleural fluids [25].

Some methodological design- and reporting-related weaknesses of the studies in this meta-
analysis should be noted to facilitate more optimally designed future studies on this topic.
Some of the studies did not enroll patients consecutively [26, 29, 38], leading to potential over-
estimation or underestimation of the diagnostic accuracy of the index test for the target disease.
Ideally, patients should be consecutively enrolled to ensure that the prevalence of the target dis-
ease in the patients is as close to that in the real world as possible. Establishment of a prespeci-
fied threshold is also important to minimize bias of diagnostic accuracy tests. Data-driven
selection of the optimal threshold may introduce bias, especially in studies involving small
samples [18]. However, nine studies did not prespecify the threshold [25, 29, 31, 33, 35–38].
Finally, most of the studies in this meta-analysis did not report whether all enrolled patients
received the same reference standard. Therefore, neither partial verification bias nor differen-
tial verification bias can be completely ruled out. This design weakness may also introduce
another type of bias. For example, in one patient with PF, cytologic examination demonstrated
malignant pulmonary disease. Therefore, this patient was assigned to the control group. How-
ever, because of the lack of a reference standard for this patient, HF could not be completely
ruled out, and it may be not reasonable to classify this patient as a control. These design- and
reporting-related weaknesses should be avoided in future studies.

The major limitation of the present work is the small number of studies included, particu-
larly the number of studies that investigated the diagnostic accuracy of blood BNP (n = 2), PF
BNP (n = 3), and PF MR-proANP (n = 1). Therefore, the diagnostic accuracy of these HF indi-
cators was not analyzed in the meta-analysis. Further studies should be performed to explore
this interesting topic.

In conclusion, the present systematic review and meta-analysis found that both blood and
PF NT-proBNP are powerful diagnostic indicators of HF in patients with PF. Additional well-
designed studies are needed to fully evaluate the diagnostic accuracy of PF and blood BNP and
MR-proANP for HF.

Supporting Information
S1 Checklist. PRISMA checklist.
(DOC)

Natriuretic Peptides and Heart Failure

PLOS ONE | DOI:10.1371/journal.pone.0134376 August 5, 2015 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0134376.s001


Acknowledgments
We appreciate Dr. Zhi-De Hu of the Department of Laboratory Medicine at the General Hos-
pital of Ji’nan Military Region for his helpful discussion.

Author Contributions
Conceived and designed the experiments: ZJH ZHY CJY. Performed the experiments: JJC SDZ
MZG BG PM YC JHWHYH. Analyzed the data: ZJH XDW. Contributed reagents/materials/
analysis tools: MZG HYH. Wrote the paper: ZJH XDW. Significant revision of the manuscript
for intellectual content: ZJH XDW.

References
1. Porcel JM, Light RW. Diagnostic approach to pleural effusion in adults. Am Fam Physician. 2006; 73:

1211–1220. PMID: 16623208

2. Light RW, Macgregor MI, Luchsinger PC, Ball WC Jr. Pleural effusions: the diagnostic separation of
transudates and exudates. Ann Intern Med. 1972; 77: 507–513. PMID: 4642731

3. Block DR, Algeciras-Schimnich A. Body fluid analysis: clinical utility and applicability of published stud-
ies to guide interpretation of today's laboratory testing in serous fluids. Crit Rev Clin Lab Sci. 2013; 50:
107–124. doi: 10.3109/10408363.2013.844679 PMID: 24156653

4. Porcel JM. Pearls and myths in pleural fluid analysis. Respirology. 2011; 16: 44–52. doi: 10.1111/j.
1440-1843.2010.01794.x PMID: 20573057

5. Del Ry S, Cabiati M, Clerico A. Recent advances on natriuretic peptide system: new promising thera-
peutic targets for the treatment of heart failure. Pharmacol Res. 2013; 76: 190–198. doi: 10.1016/j.
phrs.2013.08.006 PMID: 23988875

6. Clerico A, Giannoni A, Vittorini S, Passino C. Thirty years of the heart as an endocrine organ: physiolog-
ical role and clinical utility of cardiac natriuretic hormones. Am J Physiol Heart Circ Physiol. 2011; 301:
H12–20. doi: 10.1152/ajpheart.00226.2011 PMID: 21551272

7. Hu Z, Han Z, Huang Y, Sun Y, Li B, Deng A. Diagnostic power of the mid-regional pro-atrial natriuretic
peptide for heart failure patients with dyspnea: a meta-analysis. Clin Biochem. 2012; 45: 1634–1639.
doi: 10.1016/j.clinbiochem.2012.08.028 PMID: 22981931

8. Worster A, Balion CM, Hill SA, Santaguida P, Ismaila A, McKelvie R, et al. Diagnostic accuracy of BNP
and NT-proBNP in patients presenting to acute care settings with dyspnea: a systematic review. Clin
Biochem. 2008; 41: 250–259. PMID: 17915204

9. Shah RV, Truong QA, Gaggin HK, Pfannkuche J, Hartmann O, Januzzi JL Jr. Mid-regional pro-atrial
natriuretic peptide and pro-adrenomedullin testing for the diagnostic and prognostic evaluation of
patients with acute dyspnoea. Eur Heart J. 2012; 33: 2197–2205. doi: 10.1093/eurheartj/ehs136
PMID: 22645194

10. Potocki M, Breidthardt T, Reichlin T, Hartwiger S, Morgenthaler NG, Bergmann A, et al. Comparison of
midregional pro-atrial natriuretic peptide with N-terminal pro-B-type natriuretic peptide in the diagnosis
of heart failure. J Intern Med. 2010; 267: 119–129. doi: 10.1111/j.1365-2796.2009.02135.x PMID:
19570053

11. Maisel A, Mueller C, Nowak R, PeacockWF, Landsberg JW, Ponikowski P, et al. Mid-region pro-
hormone markers for diagnosis and prognosis in acute dyspnea: results from the BACH (Biomarkers in
Acute Heart Failure) trial. J Am Coll Cardiol. 2010; 55: 2062–2076. doi: 10.1016/j.jacc.2010.02.025
PMID: 20447528

12. Gegenhuber A, Struck J, Poelz W, Pacher R, Morgenthaler NG, Bergmann A, et al. Midregional pro-A-
type natriuretic peptide measurements for diagnosis of acute destabilized heart failure in short-of-
breath patients: comparison with B-type natriuretic peptide (BNP) and amino-terminal proBNP. Clin
Chem. 2006; 52: 827–831. PMID: 16543387

13. Chenevier-Gobeaux C, Guerin S, Andre S, Ray P, Cynober L, Gestin S, et al. Mid-Regional pro-Atrial
Natriuretic Peptide for the Diagnosis of Cardiac-Related Dyspnea According to Renal Function in the
Emergency Department: A Comparison with B-Type Natriuretic Peptide (BNP) and N-Terminal pro-
BNP. Clin Chem. 2010; 56: 1708–1717. doi: 10.1373/clinchem.2010.145417 PMID: 20813917

14. Zhou Q, Ye ZJ, Su Y, Zhang JC, Shi HZ. Diagnostic value of N-terminal pro-brain natriuretic peptide for
pleural effusion due to heart failure: a meta-analysis. Heart. 2010; 96: 1207–1211. doi: 10.1136/hrt.
2009.188474 PMID: 20511623

Natriuretic Peptides and Heart Failure

PLOS ONE | DOI:10.1371/journal.pone.0134376 August 5, 2015 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/16623208
http://www.ncbi.nlm.nih.gov/pubmed/4642731
http://dx.doi.org/10.3109/10408363.2013.844679
http://www.ncbi.nlm.nih.gov/pubmed/24156653
http://dx.doi.org/10.1111/j.1440-1843.2010.01794.x
http://dx.doi.org/10.1111/j.1440-1843.2010.01794.x
http://www.ncbi.nlm.nih.gov/pubmed/20573057
http://dx.doi.org/10.1016/j.phrs.2013.08.006
http://dx.doi.org/10.1016/j.phrs.2013.08.006
http://www.ncbi.nlm.nih.gov/pubmed/23988875
http://dx.doi.org/10.1152/ajpheart.00226.2011
http://www.ncbi.nlm.nih.gov/pubmed/21551272
http://dx.doi.org/10.1016/j.clinbiochem.2012.08.028
http://www.ncbi.nlm.nih.gov/pubmed/22981931
http://www.ncbi.nlm.nih.gov/pubmed/17915204
http://dx.doi.org/10.1093/eurheartj/ehs136
http://www.ncbi.nlm.nih.gov/pubmed/22645194
http://dx.doi.org/10.1111/j.1365-2796.2009.02135.x
http://www.ncbi.nlm.nih.gov/pubmed/19570053
http://dx.doi.org/10.1016/j.jacc.2010.02.025
http://www.ncbi.nlm.nih.gov/pubmed/20447528
http://www.ncbi.nlm.nih.gov/pubmed/16543387
http://dx.doi.org/10.1373/clinchem.2010.145417
http://www.ncbi.nlm.nih.gov/pubmed/20813917
http://dx.doi.org/10.1136/hrt.2009.188474
http://dx.doi.org/10.1136/hrt.2009.188474
http://www.ncbi.nlm.nih.gov/pubmed/20511623


15. Janda S, Swiston J. Diagnostic accuracy of pleural fluid NT-pro-BNP for pleural effusions of cardiac ori-
gin: a systematic review and meta-analysis. BMC PulmMed. 2010; 10: 58. doi: 10.1186/1471-2466-
10-58 PMID: 21092122

16. Porcel JM. Utilization of B-type natriuretic peptide and NT-proBNP in the diagnosis of pleural effusions
due to heart failure. Curr Opin Pulm Med. 2011; 17: 215–219. PMID: 21415751

17. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. Ann Intern Med. 2009; 151: 264–269, W264. PMID:
19622511

18. Leeflang MM, Moons KG, Reitsma JB, Zwinderman AH. Bias in sensitivity and specificity caused by
data-driven selection of optimal cutoff values: mechanisms, magnitude, and solutions. Clin Chem.
2008; 54: 729–737. doi: 10.1373/clinchem.2007.096032 PMID: 18258670

19. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, et al. QUADAS-2: a revised
tool for the quality assessment of diagnostic accuracy studies. Ann Intern Med. 2011; 155: 529–536.
doi: 10.7326/0003-4819-155-8-201110180-00009 PMID: 22007046

20. Reitsma JB, Glas AS, Rutjes AW, Scholten RJ, Bossuyt PM, Zwinderman AH. Bivariate analysis of
sensitivity and specificity produces informative summary measures in diagnostic reviews. J Clin Epide-
miol. 2005; 58: 982–990. PMID: 16168343

21. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ.
2003; 327: 557–560. PMID: 12958120

22. Fagan TJ. Letter: Nomogram for Bayes theorem. N Engl J Med. 1975; 293: 257. PMID: 1143310

23. Deeks JJ, Macaskill P, Irwig L. The performance of tests of publication bias and other sample size
effects in systematic reviews of diagnostic test accuracy was assessed. J Clin Epidemiol. 2005; 58:
882–893. PMID: 16085191

24. B DMidas: computational and graphical routines for meta-analytical integration of diagnostic accuracy
studies in Stata. 2007.

25. Cincin A, Abul Y, Ozben B, Tanrikulu A, Topaloglu N, Ozgul G, et al. Pleural fluid amino-terminal brain
natriuretic peptide in patients with pleural effusions. Respir Care. 2013; 58: 313–319. doi: 10.4187/
respcare.01818 PMID: 22710710

26. Porcel JM, Bielsa S, Morales-Rull JL, Civit C, Cao G, Light RW, et al. Comparison of pleural N-terminal
pro-B-type natriuretic peptide, midregion pro-atrial natriuretic peptide and mid-region pro-adrenomedullin
for the diagnosis of pleural effusions associated with cardiac failure. Respirology. 2013; 18: 540–545.
doi: 10.1111/resp.12039 PMID: 23278975

27. Valdes L, Jose ES, Pose A, Gonzalez-Barcala FJ, Alvarez-Dobano JM, Ferreiro L, et al. Diagnostic
value of N-terminal pro-brain natriuretic peptide in pleural effusions of cardiac origin. Arch Bronconeu-
mol. 2011; 47: 246–251. PMID: 21474229

28. Marinho FC, Vargas FS, Fabri J Jr., Acencio MM, Genofre EH, Antonangelo L, et al. Clinical usefulness
of B-type natriuretic peptide in the diagnosis of pleural effusions due to heart failure. Respirology. 2011;
16: 495–499. doi: 10.1111/j.1440-1843.2011.01930.x PMID: 21261781

29. Long AC, O'Neal HR Jr., Peng S, Lane KB, Light RW. Comparison of pleural fluid N-terminal pro-brain
natriuretic peptide and brain natriuretic-32 peptide levels. Chest. 2010; 137: 1369–1374. doi: 10.1378/
chest.09-2193 PMID: 20139229

30. Porcel JM, Martinez-Alonso M, Cao G, Bielsa S, Sopena A, Esquerda A. Biomarkers of heart failure in
pleural fluid. Chest. 2009; 136: 671–677. doi: 10.1378/chest.09-0270 PMID: 19363209

31. BayramM, Ozkan G, Oztekin E, Bakan ND, Acikmese B, Bes S, et al. Role of serum and pleural fluid
NT-proBNP levels in identifying pleural effusion due to heart failure. Multidisciplinary Respiratory Medi-
cine. 2009; 4: 175–181.

32. Han CH, Choi JE, Chung JH. Clinical utility of pleural fluid NT-pro brain natriuretic peptide (NT-proBNP)
in patients with pleural effusions. Intern Med. 2008; 47: 1669–1674. PMID: 18827414

33. Liao H, Na MJ, Dikensoy O, Lane KB, Randal B, Light RW. Diagnostic value of pleural fluid N-terminal
pro-brain natriuretic peptide levels in patients with cardiovascular diseases. Respirology. 2008; 13:
53–57. doi: 10.1111/j.1440-1843.2007.01191.x PMID: 18197911

34. Porcel JM, Chorda J, Cao G, Esquerda A, Ruiz-Gonzalez A, Vives M. Comparing serum and pleural
fluid pro-brain natriuretic peptide (NT-proBNP) levels with pleural-to-serum albumin gradient for the
identification of cardiac effusions misclassified by Light's criteria. Respirology. 2007; 12: 654–659.
PMID: 17875051

35. Kolditz M, Halank M, Schiemanck CS, Schmeisser A, Hoffken G. High diagnostic accuracy of NT-
proBNP for cardiac origin of pleural effusions. Eur Respir J. 2006; 28: 144–150. PMID: 16481382

Natriuretic Peptides and Heart Failure

PLOS ONE | DOI:10.1371/journal.pone.0134376 August 5, 2015 13 / 14

http://dx.doi.org/10.1186/1471-2466-10-58
http://dx.doi.org/10.1186/1471-2466-10-58
http://www.ncbi.nlm.nih.gov/pubmed/21092122
http://www.ncbi.nlm.nih.gov/pubmed/21415751
http://www.ncbi.nlm.nih.gov/pubmed/19622511
http://dx.doi.org/10.1373/clinchem.2007.096032
http://www.ncbi.nlm.nih.gov/pubmed/18258670
http://dx.doi.org/10.7326/0003-4819-155-8-201110180-00009
http://www.ncbi.nlm.nih.gov/pubmed/22007046
http://www.ncbi.nlm.nih.gov/pubmed/16168343
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://www.ncbi.nlm.nih.gov/pubmed/1143310
http://www.ncbi.nlm.nih.gov/pubmed/16085191
http://dx.doi.org/10.4187/respcare.01818
http://dx.doi.org/10.4187/respcare.01818
http://www.ncbi.nlm.nih.gov/pubmed/22710710
http://dx.doi.org/10.1111/resp.12039
http://www.ncbi.nlm.nih.gov/pubmed/23278975
http://www.ncbi.nlm.nih.gov/pubmed/21474229
http://dx.doi.org/10.1111/j.1440-1843.2011.01930.x
http://www.ncbi.nlm.nih.gov/pubmed/21261781
http://dx.doi.org/10.1378/chest.09-2193
http://dx.doi.org/10.1378/chest.09-2193
http://www.ncbi.nlm.nih.gov/pubmed/20139229
http://dx.doi.org/10.1378/chest.09-0270
http://www.ncbi.nlm.nih.gov/pubmed/19363209
http://www.ncbi.nlm.nih.gov/pubmed/18827414
http://dx.doi.org/10.1111/j.1440-1843.2007.01191.x
http://www.ncbi.nlm.nih.gov/pubmed/18197911
http://www.ncbi.nlm.nih.gov/pubmed/17875051
http://www.ncbi.nlm.nih.gov/pubmed/16481382


36. Gegenhuber A, Mueller T, Dieplinger B, Lenz K, Poelz W, Haltmayer M. Plasma B-type natriuretic pep-
tide in patients with pleural effusions: preliminary observations. Chest. 2005; 128: 1003–1009. PMID:
16100199

37. Porcel JM, Vives M, Cao G, Esquerda A, Rubio M, Rivas MC. Measurement of pro-brain natriuretic pep-
tide in pleural fluid for the diagnosis of pleural effusions due to heart failure. Am J Med. 2004; 116:
417–420. PMID: 15006591

38. Tomcsanyi J, Nagy E, Somloi M, Moldvay J, Bezzegh A, Bozsik B, et al. NT-brain natriuretic peptide
levels in pleural fluid distinguish between pleural transudates and exudates. Eur J Heart Fail. 2004; 6:
753–756. PMID: 15542412

39. Lin ZH, Xin YN, Dong QJ, Wang Q, Jiang XJ, Zhan SH, et al. Performance of the aspartate aminotrans-
ferase-to-platelet ratio index for the staging of hepatitis C-related fibrosis: an updated meta-analysis.
Hepatology. 2011; 53: 726–736. doi: 10.1002/hep.24105 PMID: 21319189

Natriuretic Peptides and Heart Failure

PLOS ONE | DOI:10.1371/journal.pone.0134376 August 5, 2015 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/16100199
http://www.ncbi.nlm.nih.gov/pubmed/15006591
http://www.ncbi.nlm.nih.gov/pubmed/15542412
http://dx.doi.org/10.1002/hep.24105
http://www.ncbi.nlm.nih.gov/pubmed/21319189

