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ÖZET
Plevral efüzyonların ayırıcı tanısında serum ve plevral sıvı N-Terminal-Pro-B-Tip natriüretik peptid
konsantrasyonunun yeri
Son yıllarda, plevral efüzyonların ayırıcı tanısında N-Terminal-Pro-B-Tip natriüretik peptid (NT-proBNP) gibi yeni belirteçlerin kullanımı gündemdedir. Çalışmamızda, NT-proBNP’nin özellikle kardiyak kaynaklı plevral efüzyonlarda tanısal değerini araştırmayı amaçladık. Plevral efüzyonu olan 45 hasta çalışmaya dahil edildi. Hastaların serum ve plevral efüzyonlarında NT-proBNP düzeyleri ve Light kriterlerinde yer alan biyokimyasal belirteçler analiz edildi. Klinik değerlendirmeye göre,
gereken durumlarda plevral sıvının kültürü, ARB direkt muayenesi ve sitolojik tetkiki yapıldı. Kardiyak patoloji düşünülen hastalarda, kardiyolojik değerlendirme ve ekokardiyografi de yapıldı. Light kriterlerine göre plevral efüzyonların 38’i
eksüda, yedisi transüdaydı. Hastaların 13’ünde son tanı malign efüzyon, 10’unda infeksiyon (tüberküloz/pnömoni), 21’inde konjestif kalp yetmezliği, birinde ise plevral efüzyonla ilgili diğer hastalıktı. Konjestif kalp yetmezliği ile ilişkili plevral sıvılarda, medyan (25-75. çeyrekler) NT-proBNP düzeyleri serumda 4747 pg/mL (931-15754), plevral sıvıda ise 4827 pg/mL
(1290-12430) idi. Kardiyak olmayan nedenlere bağlı plevral sıvılarda ise bu düzeyler serumda 183 pg/mL (138-444), plevral sıvıda 245 pg/mL (187-556) olarak saptandı. Konjestif kalp yetmezliği olan hastalarda serum ve plevral sıvı NT-proBNP
düzeyleri anlamlı olarak yüksekti (her ikisi için p< 0.001). Son tanılarına göre dört grup karşılaştırıldığında serum ve plevral sıvı NT-proBNP düzeyleri en yüksek konjestif kalp yetmezliğinde gözlendi, bunu malignite, infeksiyon ve diğerleri izlemekteydi (her ikisi için p< 0.001). Kardiyolojik değerlendirme ile konjestif kalp yetmezliği kabul edilen 21 hastanın 14’ünde Light kriterlerine göre eksüda mevcuttu. Transüdalarda serum ve plevral sıvı NT-proBNP düzeyleri istatistiksel anlamlı
olarak yüksekti (p= 0.009). Plevral sıvı NT-proBNP düzeylerinin ölçümü iyi bir yaklaşımdır ve plevral sıvı NT-proBNP düzeyleri kardiyak kaynaklı sıvıları Light kriterleri ve serum NT-proBNP düzeylerine göre daha iyi yansıtır.
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Currently, new biomarkers like N-Terminal-Pro-B-Type natriuretic peptide (NT-proBNP) have been used in the differential
diagnosis of pleural effusions. In our study, we aimed to investigate the diagnostic value of NT-proBNP, especially in cardiac originated pleural effusions. Forty-five patients with pleural effusions were included in the study. NT-proBNP levels and
biochemical markers involved in the Light’s criteria were analyzed in pleural fluid and serums of the patients. Pleural fluid culture, AFB smear, cytology were performed where they were indicated according to the clinical evaluation. In patients,
to whom cardiac pathology was considered to be; cardiological evaluation and echocardiography were also done. Thirtyeight pleural effusions were exudative and, 7 were transudative according to the Light’s criteria. Final diagnosis were malignant effusion in 13, infection (tuberculosis/pneumonia) in 10, congestive heart failure in 21, and other conditions related with pleural effusion in 1 of the patients. Median (25th to 75th percentiles) NT-proBNP levels of serum and pleural fluid
due to congestive heart failure (CHF) were 4747 pg/mL (931-15754) and 4827 pg/mL (1290-12.430) while median NTproBNP levels of serum and pleural fluid related with non-cardiac reasons were 183 pg/mL (138-444) and 245 pg/mL (187556) respectively. NT-proBNP levels of serum and pleural fluid were significantly high in CHF (p< 0.001 for both). When four groups were compared serum and pleural fluid NT-proBNP levels were highest in the CHF group which was followed
by malignancy, infection and others (p< 0.001 for both). Fourteen of 21 patients who were accepted to have congestive heart failure as the final diagnosis by a cardiological evaluation had an exudative pleural fluid according to the Light’s criteria. Serum and pleural fluid NT-proBNP levels were higher in transudates and this reached statistically significance for pleural fluid (p= 0.009). We suggest that measurement of pleural fluid NT-proBNP is a smart approach and pleural fluid NTproBNP can reflect cardiac origin of effusions better than serum NT-proBNP and Light’s criteria
Key Words: Pleural effusion, BNP, NT-proBNP, heart failure.

Determining the etiology of a pleural effusion is a diagnostic dilemma. The first step is; to perform pleurocentesis and pleural fluid analysis to establish the fluid nature; whether it is a transudate or an exudate. This discrimination is generally made by the criteria defined by
Light which include; pleural fluid/serum protein ratio
(cut-off, 0.5); pleural fluid lactate dehydrogenase
(LDH) concentration more than two-thirds the upper
normal reference serum value; and pleural fluid/serum
LDH ratio (cut-off, 0.6). When any of these criteria are
met, pleural fluid is considered to be an exudate (1,2).
In a meta-analysis of 8 studies with 1448 patients, several other biochemical markers like pleural fluid cholesterol, albumin gradient, and serum/pleural fluid bilirubin ratio have been compared with Light’s criteria
and Light’s criteria have been determined to possess
the best discriminative properties (3). However, Light’s
criteria have been developed as a high sensitive tool for
detecting exudative effusions and generally the underl-
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ying pathology is not discriminated. Up to 15% to 25%
of transudates are misdiagnosed as exudates according
to Light’s criteria (4,5). Some studies have demonstrated that a considerable proportion of patients with pleural effusions due to heart failure especially after administration of diuretics were classified as exudates (6,7).
Therefore a diagnostic approach for identifying pleural
effusions related with heart failure need to be established.
Natriuretic peptide family plays an important role in
major homeostatic mechanisms related with volume,
osmosis and blood pressure regulation. Although, all
natriuretic peptide family has vasodilator and venodilator effects and induces diuresis and natriuresis the degree of these features change from one peptide to another (8). B-type natriuretic peptide (BNP), a member of
the natriuretic peptide family is a vasoactive cardiac
neurohormone and is mainly excreted from ventricular
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myocytes by the stimulus of wall tension (9). Both
inactive amino terminal fragment of the BNP prohormone (NT-proBNP) and biologically active BNP arises
from pro-BNP which is the precursor molecule (10).
NT-proBNP is a sensitive marker of cardiac dysfunction and increased levels of NT-proBNP have been
shown to be useful in the diagnosis of congestive heart
failure (CHF) (11,12). It has been recommended as a
serum marker for the diagnosis of CHF including systolic and diastolic ventricular dysfunction and valvular diseases in American College of Cardiology/American
Heart Association (ACC/AHA) guidelines (13,14). Recently, the diagnostic value of the NT-proBNP concentrations in pleural fluid has been evaluated and increased levels of NT-proBNP in the pleural fluid have been shown to be valuable in the discriminative diagnosis
of pleural effusions related with cardiac disorders
(15,16).

USA) analyzer. Pleura and pleural fluid NT-proBNP levels were measured altogether with the chemolusency
method by original reactives Roche Elecsys 1010 Immunoassay System (Roche Diagnostics GmbH, Mannheim, Germany), on the same day after the specimen
collection was ended. The performance characteristics
of the reagents were performed and according to the
manufacturer the test had an intra-assay coefficient variations of 4.2% at 44 pg/mL, 2.4% at 126 pg/mL, 1.3%
at 2410 pg/mL concentrations. Inter-assay coefficient
variations of the test were 4.6% at 44 pg/mL, 2.6% at
126 pg/mL, 1.8% at 2410 pg/mL concentrations.
Upon clinical judgment, pleural fluid specimens underwent to bacterial and fungal culture, acid-fast bacilli
(AFB) smear and culture whereas cytological examinations were performed to all the specimens independently from the clinical presentation.

MATERIALS and METHODS

The diagnosis of congestive heart failure (CHF) was
based on clinical grounds (history, physical examination, chest X-ray, electrocardiography, echocardiography and response to diuretic therapy) according to
the AHA guidelines without taking account of NTproBNP levels (13).

This prospective study was performed between May
2007 and July 2008 in our pulmonary diseases clinic.
Pleural fluid and serum samples of the patients presenting with pleural effusions were collected. Forty-five
patients were consecutively selected according to the
presence of diagnostic thoracentesis indication. Local
ethics committee approval was obtained and each patient signed written informed consent before thoracentesis.

Pleural effusions were accepted to be malignant when
malignant cells were determined on cytological examination. Positive pleural fluid or sputum AFB smear
and/or culture or granulomatous inflammation on pleural biopsy, were accepted as tuberculosis pleuritis. In
case of clinical findings compatible with pneumonia
and response to antimicrobial treatment and/or positive culture results, the pleural effusion was accepted to
be parapneumonic.

Inclusion criteria were; radiologically determined pleural effusion volume that could be drained by thoracentesis (> 10 mm in lateral decubitis graphy) and the necessity of diagnostic thoracenthesis. Exclusion criteria
were; coagulopathy, thorax deformity interfering with
thoracentesis and incorporation of the patients.

Pleural effusions were classified as transudate or exudates according to the Light’s criteria. After the termination of the study, clinical diagnosis was made independently from biochemical criteria including the discrimination of the pleural fluid as transudate or exudate.

The aim of the present study was to investigate the
usefulness of measuring NT-proBNP levels in serum
and pleural fluid for the diagnosis of pleural effusions
resulting from CHF.

Statistical Analysis

Demographic characteristics of the patients were recorded. Blood and pleural fluid specimens were collected
to the standard vacuumed tubes simultaneously and
centrifuged 15 minutes at 3500 rpm. Specimens were
put into 2 mL tubes and stored at -80°C to be analysed
later for NT-proBNP. Serum and pleural fluid LDH, total
protein and albumin analysis were carried out on the same day within 4 hours after specimen collection. Analyses of these biochemicals were performed by enzymatic and timed end point methods with their original reactivates by Beckman Coulter Unicel DxC 800 Synchron
Clinical System (Beckman Coulter Inc., Fullerton, CA,

Data of NT-proBNP levels were presented as median
(25th to 75th percentiles). NT-proBNP levels of serum
and pleural fluid were compared by t test. Median levels of NT-proBNP levels according to the clinical diagnosis were analyzed by Kruskal Wallis test. Mann-Whitney test was used to compare the levels of NT-proBNP
between transudates and exudates as well as CHF and
non-cardiac reasons. A correlation analysis was done
with Spearman’s correlation.
Statistical analyses were performed with SPSS 14.0
package program.
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RESULTS

Pleural fluid NT-proBNP (pg/mL)

Mean age of the 45 patients included in the study was
58.95 ± 20.48. There were 28 males (62%) and 17 females (38%) in the study population. At the end of the
routine diagnostic procedures, 13 patients were diagnosed to have malignant effusions, 10 had infectious effusions (parapneumonic n= 3, tuberculosis n= 7), while in
21 of the patients the pleural effusions were due to heart failure and in 1 it was due to pulmonary embolism.
th
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serum and pleural fluid due to heart failure were 4747
pg/mL (931-15754) and 4827 pg/mL (1290-12430)
while median NT-proBNP levels of serum and pleural
fluid related with non-cardiac reasons were 183 pg/mL
(138-444) and 245 pg/mL (187-556) respectively. NTproBNP levels of serum and pleural fluid were significantly high in CHF (p< 0.001 for both). When four groups were compared serum and pleural fluid NTproBNP levels were highest in the CHF group followed
by malignancy, infection and others (p< 0.001 for both)
(Figure 1,2).
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Figure 2. Distribution of pleural fluid levels of NT-proBNP
according to the clinical diagnosis. Outliers are plotted separately, box and plot showing 25th and 75th percentiles.

Serum and pleural fluid NT-proBNP levels were found
to be related with each other (r= 0.879, p< 0.001).

Twenty-one patients who were diagnosed as CHF had
high NT-proBNP levels, however among them pleural
effusions of 14 patients were classified as exudates
according to Light’s criteria. They were all on diuretics. Albumin gradient classification demonstrated
that 4 out of these 14 patients’ pleural effusions were

Pleural fluid evaluation according to Light’s criteria revealed exudates in 38 patients and transudates in 7 patients. Serum and pleural fluid NT-proBNP levels were
higher in transudates and this reached statistically significance for pleural fluid (p= 0.009) (Figure 3,4).
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Figure 1. Distribution of serum levels of NT-proBNP according to the clinical diagnosis. Outliers are plotted separately,
box and plot showing 25th and 75th percentiles.
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Exudate

Figure 3. Distribution of serum levels of NT-proBNP according to Light’s criteria. Outliers are plotted separately, box
and plot showing 25th and 75th percentiles.
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(13,17). Serum BNP levels reflect the severity of CHF
and decrease with decompensated heart failure treatment (18,19). Pleural fluid NT-proBNP has been suggested to derive from serum NT-pro BNP which can diffuse into the pleural space (20). Many studies have demonstrated high serum and pleural fluid NT-proBNP
concentrations in patients presenting with pleural effusions due to decompansated heart failure (2,5,21). It
has been recommended that in the diagnosis of pleural
effusions due to CHF, especially in dual pathologies,
increased NT-proBNP levels may be helpful in detecting the cardiac etiology (17). In our study, both serum
and pleural fluid NT-proBNP levels were found to be
increased in patients with CHF and the highest values
were observed in cardiac pathologies among other causes as malignancy and infection. Median (25th to 75th
percentiles) NT-proBNP levels of serum and pleural fluid due to heart failure have been reported to be between 3227-10791 pg/ml (267-20.263) and 6295-10.427
pg/mL (3342-21.844), while median NT-proBNP levels of serum and pleural fluid related with non-cardiac
reasons have been shown to be between 236-989
(296-1691) pg/mL and 277-947 pg/mL (372-1937)
respectively (2,5,15,16). Our results of NT-proBNP levels for pleural fluid and serum were also found in this
range.
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Figure 4. Distribution of pleural fluid levels of NT-proBNP according to Light’s criteria. Outliers are plotted separately,
box and plot showing 25th and 75th percentiles.

transudates. The relationship between the clinical diagnosis of CHF and pleural effusion classification with
respect to Light’s criteria is shown in Table 1.
DISCUSSION

Kolditz and colleagues have shown that serum and pleural fluid NT-proBNP concentrations were more useful
than Light’s criteria in the differential diagnosis of cardiac and non-cardiac origins of pleural effusions. They
have suggested that Light’s criteria would still be used
as an initial step in the diagnosis of pleural effusions;
however NT-proBNP could be a supplementary tool for
differential diagnosis, especially in transudative effusions (5). In many patients with CHF, usually at least one
of Light’s criteria is met and this leads to false positive
results. One of the explanations of these false exudates
is diuretic treatment which increases total protein and
lactate dehydrogenase concentrations in pleural fluid
(22). In our study, 14 patients were diagnosed as CHF
clinically, however their pleural fluids were analyzed as

In our study, we investigated the diagnostic value of
NT-proBNP levels in serum and pleural fluid for discriminating pleural effusions due to CHF. We found serum
and pleural fluid NT-proBNP concentrations significantly higher in patients with CHF, than in patients with
noncardiac pathologies.
Light’s criteria which have been used widely in the diagnostic algorithm of the pleural effusions sometimes
fail to discriminate transudative effusions (5). Therefore new biomarkers have been investigated in patients
with CHF. NT-proBNP, with physiological effects as diuresis and natriuresis and vasodilatation has been
shown to be useful as a serum biomarker of CHF

Table 1. The relationship between clinical diagnosis of CHF or non-cardiac reasons and pleural fluid classification according to Light criteria.
Clinical Diagnosis
Light criteria
Transudate
Exudate
Total

Non-cardiac reasons

CHF

Total

0 (%0.0)

7 (%33.3)

7 (%15.6)

24 (%100.0)

14 (%66.7)

38 (%84.4)

24

21

45

CHF: Congestive heart failure.
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exudates. In the scope of these findings; we think that
as well as biochemical analysis of the Light’s criteria,
pleural fluid NT-proBNP analysis should be done especially when there is a suspicion of CHF.

criteria. Larger prospective studies are required to confirm cut off points for NT-proBNP levels to be used as
a discriminative marker of transudate of cardiac origin.
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