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ÖZET 

Plevral s›v›lar›n malign-benign ayr›m›nda serum

ve plevral s›v› C-reaktif protein (CRP), adenozin

deaminaz (ADA) ve laktik dehidrogenaz (LDH)

düzeylerinin rolü araflt›r›lm›flt›r.

Mart 2006 - Haziran 2007 döneminde hastane-

mize baflvuran 103 plevral s›v›l› olgu çal›flmaya

dahil edildi. Tüm olgulardan, hastaneye ilk bafl-

vurular› s›ras›nda plevral s›v› ve serum örnekleri

al›nd›. Benign-malign plevral s›v›l› olgular aras›n-

da, serum ve plevral s›v› CRP, ADA, LDH düzey-

leri ile plevral s›v›/serum CRP, ADA, LDH oranlar›

karfl›laflt›r›ld›. 

Sitolojik de¤erlendirmeye göre plevral s›v›lar›n

75'i benign, 28'i malign sitolojide idi. Benign

sitoloji olarak gruplanan olgular›n 29'u tüber-

küloz plörezi, 16's› nonspesifik plörezi, 13'ü

ampiyem-parapnömonik plörezi ve 17'si de

KKY'ne ba ¤l› plörezili idi. Plevral s›v› ve serum 
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SUMMARY

The aim o f the present study was to investigate

the roles of serum and pleural fluid C-reactive

protein (CRP), adenosine deaminase (ADA), and

lactate dehydrogenase (LDH) levels in the

differentiation of malignant from benign pleural

effusions.

Totally, 103 patients with pleural effusions admitted

to the hospital between March 2006 and June

2007 were enrolled in the study. Pleural fluid

and serum samples were obtained from all

cases upon admission to the hospital. Serum

and pleural fluid CRP, ADA, and LDH levels and

pleural fluid/serum CRP, ADA, and LDH ratios

were compared between the groups with benign

and malignant pleural effusions. 

Cytologic assessment revealed that pleural fluids

were benign and malignant in 75 and 28 cases,

respectively. Of the cases with benign cytology,

29 were tuberculous pleurisy, 16 were non-specific 
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compared with pleural effusions caused by

infections (4).

The aims of the present study were to

measure the pleural fluid and serum

concentrations of CRP, ADA, and LDH, as

well as pleural fluid/serum ratios in patients

with different causes of pleural effusions and

to differentiating malignant from benign

effusions.

MATERIALS AND METHODS

Consecutive patients admitted with pleural

effusions to the Chest Diseases Outpatient

Clinic of our hospital between March 2006

and June 2007, were enrolled in the

present study. The local Ethics Committee

approved this study, and all patients gave

informed consent for the analysis of stored

specimens for future research.  

Patients were excluded if they had

hemorrhagic diathesis, respiratory failure,

history of therapy for the existent pleural

effusion, inadequate amount of fluid for

thoracentesis, inability to cooperate and

terminal illness. Additionally patients who

were on anticoagulant therapy, and who 

CRP, ADA düzeylerinin ve ayr›ca plevral s›v›/

serum CRP, ADA ve LDH oranlar›n›n malign-

benign plörezi ayr›m›nda bir katk›s› görülmedi.

Sadece serum LDH düzeyi malign plörezi olgu-

lar›nda ROC analizi ile istatiksel aç›dan anlaml›

olarak yüksek idi (p:0.018). Ek olarak uygulanan

lojistik regresyon analizinde de, serum LDH

düzeyi malign plörezili olgularda istatistiki

aç›dan anlaml› olarak yüksek saptand› (p:0.006)

Malign-benign plevral s›v› ayr›m›nda serum LDH

düzeyinin katk›s› olabilece¤i sonucuna var›lm›fl-

t›r.

pleurisy, 13 were empyema/parapneumonic

pleurisy, and 17 were pleurisy associated with

congestive heart failure (CHF). There were no

contributions of pleural fluid and serum CRP

and ADA levels, and pleural fluid/serum CRP,

ADA, and LDH ratios in the differentiation of

malignant from benign pleurisy. Only the serum

LDH level was significantly higher based on the

receiver operating characteristics (ROC) analysis

in cases with malignant pleurisy (p=0.018).

Logistic regression analysis also established that

the serum LDH level was significantly higher in

cases with malignant pleurisy (p=0.006).

It was concluded that serum LDH level can have

a contribution in the differentiation of malignant

from benign pleural effusions.

INTRODUCTION

Rapid and accurate diagnosis remains the

major clinical challenge in patients with

suspected pleural infection. Since clinical

data may be elusive, measurement of bio-

markers in pleural fluids might provide a

reliable tool for estimating of the aetiology

(1). 

In patients with pleural effusions, the first

step in determining aetiology is to establish

whether the fluid is a transudate or an

exudate, for which Light’s criteria offer the

most efficient differentiation (2,3).

Lactate dehydrogenase (LDH), adenosine

deaminase (ADA), and C-reactive protein

(CRP) levels are higher in exudative pleural

effusions when compared to transudative

pleural effusions. Elevated pleural fluid ADA

levels, observed in cases with tuberculous

pleurisy, also tend to increase in cases with

lymphoma, empyema, rheumatoid arthritis,

and malignancy. Isoenzymes of LDH have been

demonstrated to elevate in malignancies,

such as mesothelioma, lymphoma and

small cell lung carcinoma. It has also been

reported that CRP levels are lower in patients

with malignant pleural effusions when 
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declined to give conse nt to thoracentesis

and pleural biopsy, were also excluded. 

Following clinical and radiologic examinations,

all patients enrolled in the study underwent

thoracentesis, and venous blood samples

were simultaneously collected. Pleural fluid

samples of the patients were categorized as

transudates or exudates according to Light’s

criteria. Albumin gradient was also used to

differentiate transudative and exudative

fluids in patients receiving diuretics. All

patients underwent serum and pleural fluid

LDH, ADA, and CRP measurements. Pleural

fluid cytology was evaluated, acid-resistant

bacilli (ARB), and non-specific culture analyses

were performed with pleural biopsies, when

needed, to establish the etiology. Based on

the results of those studies, the subjects

were categorized into 5 main groups:

tuberculous pleurisy (group 1), malignant

pleurisy (group 2), non-specific pleurisy (group

3), empyema-parapneumonic pleurisy (group

4), and pleurisy.

A pleural effusion was categorised as

malignant if malignant cells were detected

on cytological examination of the pleural

fluid or biopsy specimen. Tuberculous

pleuritis was diagnosed if Löwenstein

cultures of pleural fluid, pleural biopsy

tissue samples were positive or on the

presence of granulomatous inflammation

with caseous necrosis in pleural biopsy

samples. Parapneumonic effusions/empyema

referred to those associated with bacterial

pneumonia. The patients were diagnosed

with non-specific pleurisy if the patient

underwent at least 3 pleural punctions and

was established with benign cytology, and if

the patient had no specific diagnosis

following pleura biopsy, and in case of

reduction or stabilization of the fluid at the

6-12 month follow -up visits. The diagnosis 
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for pleural fluid a ssociated with CHF was

established if the fluid had a transudative

character and was accompanied by clinical

and radiologic heart failure findings.

Serum and pleural fluid LDH, ADA levels

were measument daily with Olympus AU-

640 autoanalyzer. Normal reference values

were accepted for ADA activity 0-15 U/L in

serum and 0-24 U/L in pleural fluid and for

LDH activity 220-450 U/L for serum and

pleural fluid.

CRP was established in serum and pleural

fluid samples daily, by nephelometric Array-

360 device (Beckman Coulter Inc., Fullerton,

CA, USA) using C-reactive protein (CRPMPE)

kits (Beckman Coulter Inc). The upper and

lower limits for serum and pleural fluid CRP

were 0.00-0.800 mg/L.

SPSS 13.0 for Windows (SPSS Inc., Chicago,

IL, USA) was used to carry out statistical

analyses of the data obtained in the study.

One-way ANOVA and Student’s t-test were

used for intergroup comparisons of

parametric data. Post-hoc tests were used

in the assessment of data established to be

significant in one-way ANOVA test. The

Mann-Whitney U and Kruskal-Wallis tests

were used in intergroup comparisons of

parametric data without normal distribution.

Receiver operating characteristics (ROC)

and logistic regression tests were used to

investigate diagnostic values. The level of

confidence was 95% and, the significance

level was considered as p<0.05.

RESULTS

The present study was carried out in 103

patients (78 males [75.7%]; and 25 females

[24.3%]; age range, 17-86 years) diagnosed

with pleurisy. The mean age was 56.42±

18.37 years for males and 52.48±16.98

years for females.
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Table 1. The mean pleural fluid and serum ADA, CRP, and LDH values in patients.

Tuberculous Malignant Non-specific Empyema- Pleurisy

 pleurisy  pleurisy  pleurisy parapneumonic associated

(n=29) (n=28) (n=16) pleurisy with CHF

(n=13) (n=17)

CRP

Pleural fluid 4.65±3.71 2.43±2.68 2.16±1.70 820±7.15 1.72±1.93

Serum 7.56±6.27 6.28±9.97 3.46±4.29 15.03±12.43 4.33±3.54

LDH

Pleural fluid 1031.52±871.23 1606.57±1913 584.0±551.84 4129.15±5273.0 314.41±141.52

Serum 455.97±348.13 1072.9±1445.8 334.13±123.04 443.55±291.8 652.50±415.97

ADA

Pleural fluid 46.76±20.25 24.18±32.21 16.77±9.67 118.98±225.51 10.90±5.14

Serum 45.83±25.74 37.12±47.72 31.25±22.98 54.38±42.53 53.84±57.41

CRP: C-reactive protein, LDH: Lactate dehydrogenase, ADA: Adenosine deaminase, CHF: Chronic heart

failure

Table 2. The mean pleural fluid and serum CRP, LDH, and ADA levels in malignant and benign effusions.

Malignant Benign p

CRP

Pleural fluid 2.43±2.68 4.14±4.54 >0.05

Serum 6.28±9.97 7.25±7.88 >0.05

LDH

Pleural fluid 1606.57±1913.20 1310.43±2574.97 >0.05

Serum 1072.96±1445.86 470.67±333.77 0.038

ADA

Pleural fluid 24.18±32.21 45.19±100.40 >0.05

Serum 37.12±47.72 46.46±38.47 >0.05

CRP: C-reactive protein, LDH: Lactate dehydrogenase, ADA: Adenosine deaminase

The distribution of the 103 patients

according to the groups was presented in

Table 1. 

Cytologic evaluation revealed the pleural

fluid to be benign and malignant in 75 and

28 cases, respectively. The mean ADA,

CRP, and LDH levels in serum and pleural

fluid are presented in Table 2.

A comparison of the patients in terms of

the presence of malignant and benign

effusions revealed that only the serum LDH

level was significantly higher in patients 

with malignant pleurisy (p=0.038). The

distribution of the CRP, LDH and ADA

values is presented in Table 3.

No significant difference was observed in

terms of pleural fluid/serum CRP, LDH, and

ADA levels, in the differentiation of malignant

from benign pleurisy (p>0.05). The distribution

of these values is presented in Table 4.

Furthermore, ROC analysis was carried out

to evaluate the diagnostic value of pleural

fluid/serum CRP, LDH, and ADA ratios in

the differentiation of malignant and benign 
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Table 5. ADA and LDH values calculetad with ROC analysis in differentiating malignant from benign

pleural fluids.

95% confidence interval

B S.E. p OR Upper Limit Lower Limit

LDH serum 0.001 0.000 0.006 1.001 1.000 1.002

ADA serum -0.011 0.008 0.186 0.989 0.973 1.005

Constant -1.247 0.458 0.006 0.287

ROC: Receiver operating characteristic, LDH: Lactate dehydrogenase, ADA: Adenosine deaminase, S.E.:

Standard error, OR: Odds ratio

effusions. The area under the curve (AUC)

was not significant.

When the same analysis was carried out for

pleural fluid and serum CRP, LDH, and ADA

levels, the serum LDH levels were significantly

higher (p=0.018) and the serum ADA levels

were significantly lower (p=0.023) in malignant

effusions. ROC analysis is presented in

Table 5.

Since a  high AUC value was obtained for

serum LDH and ADA levels in ROC analysis,

logistic regression analysis was carried out

to establish the diagnostic value of these

two parameters in differentiating malignant

from benign pleurisy. It was shown that

while serum LDH value was directly

associated in differentiating malignant from

benign pleurisy, the serum ADA value had 

Table 3. Pleural fluid/serum ratios of CRP, LDH, and ADA lin malignant and benign effusions.

Benign Malign p

Pleural fluid/serum CRP 0.71±0.72 0.83±1.14 0.866

Pleural fluid/serum LDH 3.77±9.29 2.59±4.37 0.848

Pleural fluid/serum ADA 1.30±1.76 1.09±1.28 0.709

CRP: C-reactive protein, LDH: Lactate dehydrogenase, ADA: Adenosine deaminase

Table 4. ROC analysis for pleural fluid and serum CRP, LDH, and ADA levels.

95% confidence interval

B S.E. p Upper Limit Lower Limit

CRP

Pleural fluid 0.373 0.067 0.066 0.241 0.505

Serum 0.370 0.069 0.059 0.235 0.505

LDH

Pleural fluid 0.611 0.064 0.106 0.485 0.738

Serum 0.663 0.066 0.018 0.534 0.792

ADA

Pleural fluid 0.366 0.066 0.052 0.237 0.495

Serum 0.344 0.069 0.023 0.209 0.478

ROC: Receiver operating characteristic, CRP: C-reactive protein, LDH: Lactate dehydrogenase, ADA:

Adenosine deaminase, S.E.: Standard error
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no significant association (p=0.006 and

p=0.186, respectively; Table 6).

DISCUSSION

Although it is easy to establish the

presence of a pleural effusion clinically and

radiologically, it is not always easy to

determine the etiology. Diagnosis may not

be ascertained for some patients despite

the performance of all diagnostic steps,

such as imaging methods, cellular, micro-

biologic, and biochemical analyses of the

fluid, cytologic examination, and closed and

open pleural biopsies (2,4). Additionally,

cytological examination of suspected malignant

pleural effusion can result in false-negative

rates of up to 40% (5). Diagnostic difficulties

have led to the search of novel markers for

pleural effusions. 

LDH elevation is an indicator of pleural

inflammation. A significant elevation is

observed in pleural fluid LDH levels and

pleural fluid/serum LDH ratios in cases with

parapneumonic, malignant and tuberculosis

effusions (6). LDH has five isoenzymes. Certain

studies have reported that while isoenzyme

patterns are useful in differentiating

transudates from exudates, they have no

contribution in the classification of pleural

fluids (7,8). In the present study, we also

observed that LDH levels were higher in

exudative effusions when compared to

transudative effusions. Parapneumonic,

malignant, and tuberculosis-related pleural

effusions had higher LDH levels than those

induced by other causes. However, no

significant difference was observed between

the pleural fluid/serum LDH ratios of

tuberculous and parapneumonic effusion

cases.

It is known that cells that reproduce rapidly

in the tissues have higher ADA activity

compared with the cells that do not 

proliferate. While pleural fluid ADA levels

higher than 70 U/L is generally interpreted

in favor of tuberculous pleurisy, values

lower than 40 U/L suggest causes unrelated

to tuberculosis. This enzyme can also

elevate in cases of lymphoma, empyema,

rheumatoid arthritis, or malignancy (9,10).

In the present study, it was observed that

ADA levels and pleural fluid/serum ADA

ratios were significantly higher in exudative

effusions. Moreover, pleural fluid ADA

levels were established to be significantly

higher in tuberculous and parapneumonic

effusions (PPEs) when compared with other

pleural effusions. However, pleural fluid/

serum ADA ratios were not established to

offer a contribution in the differentiation of

malignant from benign cases.

CRP, an acute-phase reactant released from

the liver, is a common diagnostic test within

hospital laboratories for the screening or

monitoring of infections and noninfectious

inflammatory diseases. CRP levels have

been studied in pleural fluid and have been

found to be higher in PPEs than in other

types of exudative or transudative effusions

(11-13).  Turay et al. (11) has established

that pleural fluid CRP level is significantly

lower in the transudative group, and higher

in the subgroup with parapneumonic

effusions in the exudative group. A study

conducted in Spain has reported that

pleural fluid CRP levels lower than 20 mg/L

suggested malignant origins, while values

over 45 mg/L eliminated the probability of

malignancy. It was also claimed that pleural

fluid CRP levels have as much sensitivity

and specificity as tumor markers. However,

the study also emphasized the fact that the

underlying reasons have not been clearly

elucidated (12). In the present study, it was

noted that CRP level and pleural fluid/serum

CRP ratio in the transudative group was lower
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than the values in the exudative group,

whereas CRP levels were significantly higher

in the parapneumonic and tuberculous

pleurisy groups in comparison with the

other subgroups. No significant difference

was observed between the CRP levels and

pleural fluid/serum ratios of malignant and

benign effusions. Thus, it is suggested that

CRP levels in pleural fluid can play a role in

the differentiation of exudative and

transudative effusions, but cannot be of

assistance in differentiating malignant from

benign pleurisy.

Porcel et al’s findings in a large series of

patients provide data on the value and

accuracy of some of biomarkers (CRP,

sTREM and LBP) measured in the pleural

fluid to diagnose infectious effusions. They

showed that a pleural fluid CRP level >80

mg.L-1 argues for the presence of a PPE

(likelihood ratio positive (LR+) 7.4), whereas

CRP levels <20 mg.L-1 are a strong indicator

against an infectious pleural effusion,

whether of bacterial or mycobacterial nature

(likelihood ratio negative (LR-) 0.22) (14).

A recent study has demonstrated that

pleural fluid ADA and CRP levels can a

useful combination in the differential

diagnosis of pleural effusions of malignant,

tuberculous, and parapneumonic nature.

As a result of this study, CRP levels lower

than 4 mg/dL accompanied by an ADA level

over 45 U/L, and an ADA level lower than

40 U/L accompanied by a CRP level over 6

mg/dL, and a CRP level lower than 4 mg/dL

are recommended to be accepted as a high

probability of tuberculosis, parapneumonic

pleurisy, and malignant pleural effusions,

respectively (15). In the present study,

although no cut-off values were set, the

results demonstrated that patients with

malignant pleurisy had lower pleural fluid

CRP levels and higher LDH levels. 

In the present study, ROC analysis was also

conducted to establish the diagnostic

significance of pleural fluid/serum CRP,

LDH, and ADA ratios in malignant from

benign pleurisy differentiation. However, no

additional diagnostic contribution has been

observed. When the same analysis was

carried out for pleural fluid and serum CRP,

LDH, and ADA levels, significant differences

were established in terms of serum LDH and

ADA levels to differentiate malignant from

benign pleurisy. In the logistic regression

analysis carried out to establish the

individual significance of LDH and ADA

levels in the differentiation of malignant

from benign pleurisy, though ADA levels

were found to have no contribution serum

LDH was observed to be directly associated.

In conclusion, in the differential diagnosis of

malignant from benign pleural fluids although

no significant contribution of serum and

pleural fluid ADA and CRP levels were

observed, serum LDH levels accompanied

by clinical findings were established to be

beneficial in the differential diagnosis. However,

we believe that further biochemical markers

have to be developed to assist the differential

diagnosis of malignant from benign pleural

effusions.
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