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ABSTRACT
Objective: The purpose of the present study was to examine the effectiveness 
of the rates of biochemical parameters used in our daily practice in patients with 
pleural effusion.
Material and Methods: The data of the patients with pleural effusion between Jan-
uary 2012 and October 2018 were analyzed retrospectively. Demographic data of all 
patients, concurrent serum glucose, albumin, protein, lactate dehydrogenase (LDH), 
pleural fluid (PF) pH, glucose, albumin, protein, adenosine deaminase (ADA), and 
LDH values were examined.
Results: Three hundred and eighty-one patients who had pleural effusion were en-
rolled in the study. Median PF-ADA levels in tuberculous pleural effusion (TPE), para-
pneumonic pleural effusion (PPE) and malignant pleural effusion (MPE) patients were 
36, 15, and 9, respectively. The differences between groups were at significant lev-
els (p=0.000). In receiver operating characteristics (ROC) curve analysis, the cutoff 
value was >3.0043, PF-ADA/serum C-reactive protein (CRP) ratio had 83% sensitivity, 
55% specificity, positive predictive value (PPV) 48.7%, and negative predictive value 
(NPV) 86.8% for TPE identification. Serum LDH/PF-ADA ratio had 90.6% sensitivity, 
69.6% specificity, PPV 58.4%, and NPV 93.9% for TB identification at ≤12.13 cutoff 
value. Another ratio was PF LDH/ADA, at a cutoff value of ≤28.6 PF LDH/ADA ratio 
had a sensitivity of 89.8%, specificity of 66.6%, PPV 60.7%, and NPV 91.9% for the 
identification of TPE. When we compare the ROC analysis for the identification of TPE, 
we found that PF-LDH/ADA and serum LDH/ADA gave significantly higher area under 
the curve values than PF-ADA/serum CRP. 
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INTRODUCTION
Pleural effusion is one of the major causes of pulmonary mortality 
and morbidity, and its incidence is estimated as at least 1.5 million 
cases per year in the United States.[1] In our country, the common 
causes of exudative pleural effusions are malignant pleurisy 41%, 
parapneumonic pleurisy 16%, and tuberculous pleurisy (TPE) 
15%.[2] A variety of biomarkers have been used to differentiate ex-
udative pleural fluids (PF). Nevertheless, approximately 15–20% 
of pleural effusions cannot be diagnosed despite thoracentesis, 
cytology, and pleural biopsies.[3,4]

Pleural tuberculosis is the most common reason of extrapul-
monary tuberculosis in adults in Türkiye.[5] Absolute diagnosis of TPE 
depends on detecting Mycobacterium tuberculosis in the sputum, PF, 
or pleural biopsy specimen.[6] For malignant effusion, cytological ex-
amination of the PF is used in diagnosing the pleural malignancy, but 
it was reported that there was approximately 40% false-negative rate.
[7] In terms of parapneumonic effusions, there is no strong parameter 
that differentiates it from other exudative pleural effusions except for 
the appearance of pus in empyema. Therefore, the contribution of 
biochemical parameters in differential diagnosis is important to pre-

vent further invasive procedures. In tuberculous pleurisy, the sensitiv-
ity and specificity of pleural adenosine deaminase (ADA) have been 
reported as 92% and 90%, respectively.[8] Furthermore, high ADA 
levels can sometimes be observed in PF from patients of parapneu-
monic effusion, empyema, and malignancy.[9] In addition, serum C-
reactive protein (CRP) and serum-PF lactate dehydrogenase (LDH) 
levels were elevated in patients with tuberculous effusion, compli-
cated parapneumonic effusion, empyema, and malignancy.[10−14]

The use of these parameters in the differential diagnosis may be 
satisfactory because of the lack of additional cost and intervention. 
We, as the same authors, have previously investigated the diagnos-
tic value of PF LDH/ADA ratio to differentiate tuberculous pleurisy 
from parapneumonic pleural effusion (PPE).[15] If we use other bio-
chemical rates (such as ADA/serum CRP [S-CRP], serum LDH/PF-
ADA, etc.), we may increase the likelihood of diagnosis, or we may 
find it easier to reach the diagnosis when we use several rates based 
on biochemical parameters at the same time. In our previous study,[15] 
we found that the LDH/ADA ratio in the TBP group was significantly 
lower than the PPE group (p<0.001), and there was a statistically 
significant difference between the TBP group and all subgroups of 
PPE. The PF LDH/ADA ratio was found with 90% sensitivity, 59.85% 

ÖZ
Amaç: Bu çalışmanın amacı, plevral efüzyonlu hastalarda günlük pratiğimizde kullanılan biyokimyasal parametrelerin oranlarının 
etkinliğini incelemektir.
Gereç ve Yöntemler: Plevral efüzyonlu hastaların Ocak 2012 ile Ekim 2018 tarihleri arasındaki verileri geriye dönük olarak incelendi. 
Tüm hastaların demografik verileri, eş zamanlı serum glikozu, albümin, protein, laktat dehidrogenaz (LDH), plevral sıvı pH ve adeno-
zin deaminaz (ADA) değerleri incelendi.
Bulgular: Çalışmaya plevral efüzyonu olan 381 hasta alındı. Tüberküloz plevral efüzyon (TPE), parapnömonik plevral efüzyon (PPE) ve 
malign plevral efüzyon (MPE) hastalarında ortanca plevral sıvı ADA düzeyleri sırasıyla 36, 15 ve 9 idi. Gruplar arasındaki farklar anlamlı 
düzeydeydi (p=0,000). ROC eğrisi analizinde cut-off değeri >3,0043, plevral sıvı ADA/S-C-reaktif protein oranı TPE tanımlaması için 
%83 duyarlılık, %55 özgüllük, pozitif prediktif değeri (PPV) %48,7 ve negatif prediktif değeri (NPV) %8,8 idi. Serum LDH/plevral sıvı 
ADA oranı, ≤12,13 cut-off değerinde tüberküloz tanımlaması için %90,6 duyarlılık, %69,6 özgüllük, %58,4 PPV ve %93,9 NPV’ye sahipti. 
Diğer bir oran ise plevral sıvı LDH/ADA, cut-off değeri ≤28,6 olan plevral sıvı LDH/ADA oranı %89,8 duyarlılık, %66,6 özgüllük, %60,7 
PPV ve %91 NPV, TPE tanımlaması için %9. TPE tanımlaması için ROC analizini karşılaştırdığımızda, plevral sıvı LDH/ADA ve serum 
LDH/ADA’nın plevral sıvı ADA/S-C-reaktif proteinden anlamlı derecede daha yüksek AUC değerleri verdiği bulundu.
Sonuç: Bu çalışma, mevcut rutin laboratuvar testleri kullanılarak TPE ve PPE, MPE hastalarını ayırt etmek için parametreler sağla-
maktadır. Farklı sistemik ve plevral özellikleri yansıtan parametrelerin kombinasyonu, yalnızca sistemik veya plevral yanıtların biyo-
belirteçleriyle karşılaştırıldığında daha iyi tanısal performans gösterdi. Hem serum LDH/ADA hem de plevral LDH/ADA oranı basit, 
hızlı ve objektif bir şekilde erken ayırıcı tanı kararının verilmesinde yardımcı olabilir.
Anahtar kelimeler: Adenozin deaminaz, C-reaktif protein, laktat dehidrogenaz, malign efüzyon, parapnömonik efüzyon, tüber-
küloz plörezi.

Conclusion: This study provides parameters to distinguish TPE and PPE, MPE pa-
tients using existing routine laboratory tests. The combination of parameters reflecting 
different systemic and pleural features showed diagnostic performance only com-
pared to biomarkers of systemic or pleural responses. Both serum LDH/ADA and 
pleural LDH/ADA ratio can be helpful in making an early differential diagnosis deci-
sion in a simple, fast, and objective way.
Keywords: Adenosine deaminase, C-reactive protein, lactate dehydrogenase, malig-
nant effusion, parapneumonic effusion, tuberculous pleurisy.
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specificity, 70.4% positive predictive value (PPV), and 84.9% nega-
tive predictive value (NPV), respectively when TBP was defined as 
≤28. However, there was no malignant pleural effusion (MPE) group 
in that study. In this study, we included a MPE group and looked 
at the rates of other biochemical parameters to investigate whether 
we can increase the likelihood of diagnosis in differentiating tuber-
culous pleurisy from other common exudative pleural effusions. The 
purpose of the present study was to examine the effectiveness of the 
biochemical parameter rates used in our daily practice in patients 
with pleural effusion.

MATERIAL AND METHODS

Study Population

The present study was planned as a retrospective study and was 
conducted between January 1, 2014, and October 1, 2018, in İzmir 
University of Health Sciences Suat Seren Chest Diseases and 
Surgery Research Center. A total of 381 patients, 138 with TBP and 
133 with PPE, and 110 with MPE were included in the study.

For the diagnosis of tuberculosis pleurisy, at least one of the fol-
lowing criteria was required:
• Tuberculosis bacilli isolation from PF or pleural tissue

• Detection of ARB positivity or caseous granuloma structure in 
pleural tissue

• Response to anti-tuberculosis treatment even though ARB is 
negative in pleural tissue

• Positive for tuberculosis bacillus in sputum culture and exclusion 
of other causes in a patient with PF

• The PF-ADA level being higher than 40 U/L, which cannot be 
explained by other pathology in the young patient population with 
no concomitant disease.
Criteria regarding PPE diagnosis: No malignant cell in PF, diag-

nosis of TBP, and lung TB excluded, the dominance of neutrophil, 
bacterial growth in non-specific culture, nonspecific inflammation 
detected in the pleural biopsy, and exudative fluid responsive to an-
tibiotic therapy.

Criteria regarding MPE diagnosis: Detecting malignant cells in 
PF cytology or finding of malignancy by pleural biopsy and Video-
associated thoracic surgery confirms the diagnosis of MPE.

Exclusion Criteria

The following criteria were excluded from the study:
• Patients below 15 years of age
• Patients with suspected pregnancy or pregnancy.

  Tuberculosis Parapneumonic Malign p* p p 
  pleurisy (n=133) effusion A&B A&C B&C 
  (n=138) B (n=110) 
  A  C

Demographic data    0.000 0.000 0.000
 Age, years 38 57 66.5
 Male/Female 43/95 53/80 26/84 
Blood
 S-CRP, mg/dL 5.21 5.14 4.66 0.740 0.766 0.610
 Albumin, g/dL 3.50 3.70 3.56 0.053 0.805 0.051
 S-protein 7 7 6.67 0.072 0.000 0.000
 S-LDH, U/L 198 185 245.5 0.026 0.000 0.000
Pleural fluid
 Protein, g/dL 2.80 2.60 4.40 0.042 0.000 0.000
 Glucose, mg/dL 99 98.5 105 0.417 0.464 0.780
 PF-LDH, U/L 573 502 394 0.049 0.013 0.099
 ADA, U/L 36 15 9 0.000 0.000 0.000
Ratio between two parameters*
 ADA/S-CRP  6.99 3.39 2 0.000 0.000 0.000
 PF-LDH/S-LDH 2.27 2.58 1.52 0.000 0.680 0.000
 PF-LDH/ADA 16.2 32.5 54.4 0.000 0.000 0.000
 S-LDH/ADA 6.04 12.23 30.67 0.000 0.000 0.000

*: Mann-Whitney Test. S: Serum, CRP: C-reactive protein, LDH: Lactate dehydrogenase, PF-LDH: Pleural fluid lactate dehydrogenase, ADA: Adenosine 
deaminase.

Table 1. Comparison of demographic and laboratory findings between tuberculous pleurisy and parapneumonic and malignant 
effusion patients
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Academic board approval was obtained from the training plan-
ning board of İzmir University of Health Sciences Suat Seren Ch-
est Diseases and Surgery Research Center. The names, protocol 
numbers, age, and gender of the patients included in the study were 
recorded. LDH, ADA, LDH/ADA ratio, glucose, albumin, protein, pH 
and serum albumin, CRP, protein, LDH, glucose, ADA levels, PF ex-
amination, culture, and cytology were recorded.

Statistical Analysis

The data were analyzed in IBM SPSS Statistics 25.0 statistical pack-
age program. Descriptive statistics were given as numbers (n), per-
centage (%), mean±standard deviation (x deviation±ss), and median 
(IQR) values. Pearson’s Chi-square and Fisher’s exact test were 
employed to assess categorical variables. Normal distribution of nu-
merical variables was evaluated with Shapiro–Wilk, normality test, 
and Q-Q graphs. In the determination of the relationship between 
the two numerical values, Pearson was employed for variables with 
normal distribution and Spearman correlation analysis was used for 
the variables that did not show normal distribution. The comparison 
of the two groups of variables with normal distribution was made by 
the Independent sample t-test, and for the variables which did not fit 
the normal distribution, by Mann–Whitney U analysis. The compari-
son of three or more groups of variables with normal distribution was 
made with one-way variance analysis, and Kruskal–Wallis analysis 
was used for variables that did not show normal distribution. In the 
one-way analysis of variance, multiple comparisons were made by 
Tukey HSD test. The diagnostic value of ADA/CRP ratio to differen-
tiate TBP from PPE and MPE was evaluated by receiver operating 
characteristics (ROC) test. Threshold values were determined us-
ing Youden index. Sensitivity and specificity values were calculated 
based on the threshold values obtained. P<0.05 was considered sta-
tistically significant.

RESULTS
Three hundred and eighty-one patients with pleural effusion were 
included in the study. There were TPE in 138 patients, PPE in 133 
patients and MPE in 110 patients. Table 1 shows the groups’ demo-
graphic and laboratory data. Serum LDH (S-LDH) levels were high at 
significant levels in the MPE group compared to TPE and PPE group 
(p=0.000), and S-CRP, albumin, and S-LDH levels were not different 
at significant levels among the groups.

The median PF-ADA levels in TPE, PPE, and MPE patients were 
36, 15, and 9, respectively. The differences were at significant levels 
among the groups (p=0.000). In comparison of PF profiles, PF LDH 
was high at significant levels in TPE group compared to PPE and 
MPE group (p=0.049). PF protein and glucose concentrations were 
not different at significant levels among the groups.

The rate between two parameters was statistically significant 
(p=0.000) among the groups (Table 1). The ADA/S-CRP, PF-LDH/S 
LDH, PF-LDH/ADA, and serum-LDH/ADA ratios showed significant 
differences at the highest levels (p=0.000).

To identify TPE, the diagnostic performance of the ratios that had 
statistically significant differences (p=0.000) among the groups are 
given in Table 2. A cutoff value of >3.0043 for the PF-ADA/S-CRP 
ratio and had a sensitivity of 83%, specificity of 55%, PPV 48.7%, 
and NPV 86.8% in the ROC curve analysis for the TPE identification 
(Table 2 and Fig. 1). Furthermore, PF-ADA level had a sensitivity of 
91.3%, specificity of 75%, NPV 93.7% for identification of TPE (Table 
2). Serum LDH/PF-ADA ratio had a sensitivity of 90.6%, specificity of 
69.6%, PPV 58.4%, and NPV 93.9% for TB identification at a cutoff 
value of ≤12.13 (Fig. 2). Another ratio is PF LDH/ADA, at a cutoff value 
of ≤28, 6, PF LDH/ADA ratio had a sensitivity of 89.8%, specificity of 
66.6%, PPV 60.7%, and NPV 91.9% for TPE identification (Fig. 3). 
When we compared the ROC analysis for the identification of TPE, we 
found that PF LDH/ADA and serum LDH/ADA gave significantly higher 
area under the curve values than PF-ADA/S-CRP (Fig. 4).

Multivariate regression analysis indicated that PF-LDH/ADA ≤28 
(p=0.000, OR: 9.1, CI: 3.9–20.8%) and having PF-ADA ≥20 (p=0.000, 
OR: 7.36, CI: 2.9–18.6%) were the parameters to detect tuberculous 
pleural effusion (Table 3).

DISCUSSION
This study shows the diagnostic performance of the ratio parameters 
for the identification of TPE between the TPE and PPE, MPE. In the 
ROC curve analysis, at >3.0043 cutoff value, the PF-ADA/S-CRP ra-
tio had a sensitivity of 83%, specificity of 55%, PPV 48.7%, and NPV 
86.8% to identify TPE. Serum LDH/PF-ADA ratio had a sensitivity 
of 90.6%, specificity of 69.6%, PPV 58.4%, and NPV 93.9% for TB 
identification at ≤12.13 cutoff value. PF-ADA/S-CRP ratio >5.62 pro-
vided 89% sensitivity, 88% specificity, positive likelihood ratio (LR) of 
7.29, and negative LR of 0.13 for TPE identification in a recent study.
[16] These ratios and biochemical parameters are simple, fast, and ob-
jective methods that are routinely evaluated in clinics. This informa-

Parameter Cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC (95% CI) p

PF-ADA ≥20 91.3 75 67.7 93.7 0.85 (0.81−0.89) <0.0001
PF-ADA/CRP >3.0043 83.3 55.5 48.7 86.8 0.70 (0.64−0.75) 0.000
PF-LDH/S-LDH >1.64 75.4 47.1 40 80 0.56 (0.50−0.63) 0.000
PF-LDH/ADA ≤28 89.8 66.6 60.7 91.9 0.84 (0.80−0.88) 0.000
S-LDH/ADA ≤12 90.5 69.4 58.4 93.9 0.83 (0.70−0.87) 0.000

*: Only ratio that yielded p value of p=0.000 among the three groups was included. PPV: Positive predictive value, NPV: Negative predictive value, AUC: 
Area under the curve, CI: Confidence interval, PF-ADA: Pleural fluid adenosine deaminase, CRP: C-reactive protein, PF-LDH: Pleural fluid lactate dehy-
drogenase, S-LDH: Serum lactate dehydrogenase.

Table 2. Diagnostic yields of laboratory parameters to identify tuberculous pleural effusion
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tion might have greater significance in early clinical decision-making 
processes for proper management of such patients, which will result 
in better prognosis and prevention of potential negative outcomes.

High PF-ADA levels were attributed to high TPE probability 
and many PPE exhibited PF-ADA levels below 40 U/L.[17−20] It is 
an independent positive predictor for TPE in a previous study of 
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Figure 1: Pleural fluid adenosine deaminase/serum C-reactive protein 
ratio in receiver operating characteristics curve analysis for the TPE 
identification.
ADA: Adenosine deaminase, PS: Pleural fluid, TPE: Tuberculous pleural effusion.

Figure 2: Serum lactate dehydrogenase/pleural fluid adenosine deam-
inase ratio in receiver operating characteristics curve analysis for the 
TPE identification.
S: Serum, PS: Pleural fluid, TPE: Tuberculous pleural effusion.
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Figure 3: Pleural fluid lactate dehydrogenase/adenosine deaminase 
ratio in receiver operating characteristics curve analysis for the TPE 
identification.
PS: Pleural fluid, TPE: Tuberculous pleural effusion.
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Figure 4: Compare the receiver operating characteristics analysis for 
the identification of TPE.
LDH: Lactate dehydrogenase, PS: Pleural fluid, ADA: Adenosine deaminase, S: 
Serum, TPE: Tuberculous pleural effusion.
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TPE and PPE patients with PF-ADA levels >58/L, neutrophilic dom-
inance, and PF-ADA levels ≥40 U/L.[20] On the other hand, S-CRP 
levels have inverse properties between TPE and PPE.[19−21] Bacte-
rial infections are present in 80–85% of patients with S-CRP con-
centrations higher than 10 mg/dL.[22] Furthermore, PF-CRP levels 
that might possibly show S-CRP levels are beneficial parameters to 
distinguish between different exudative pleural effusions.[23−25] Our 
findings regarding PF-ADA levels are compatible with the previous 
studies. However, contrary to the literature, serum CRP levels were 
not significant in distinguishing tuberculosis pleurisy, ADA/CRP 
ratio was statistically significant. In addition, PF-ADA/S-CRP ratio 
provided diagnostic accuracy in this study.

Another parameter known as cancer rate is serum LDH/PF-ADA. 
The ratio of serum LDH/PF-ADA, TPE is significantly lower in pa-
tients. Especially, serum LDH/PF-ADA ratio cutoff level for <12 highly 
predicts TPE in patients with exudative pleural effusion (whether lym-
phocytic or neutrophilic) with high sensitivity and specificity.

The present study had several limitations, one of which was the 
retrospective design. Second, the other causes of exudative effu-
sions like connective tissue disease were not examined to validate 
the results in this patient group. Third, many patients that had malig-
nant effusions also had lung cancer. Fourth, due to the retrospective 
nature of the study, the timing of sampling during thoracentesis could 
not be standardized. Therefore, most TBPs are likely to develop 
lymphocytic predominance within a week and an increase in ADA 
levels. In addition, we cannot completely exclude the potential effect 
of empiric antibiotics on patients with TBP and with PPE, and the 
implications of subsequent thoracentesis on PF analysis. Fifth limita-
tion may be the absence of an evaluation of the increase in the level 
of ADA with recurrent thoracentesis and ADA isoenzymes. A future 
study with prospective design that will eliminate these limitations and 
will help to validate the findings of the present study.

CONCLUSION
As a conclusion, the present study provided parameters to distin-
guish between TPE and PPE, MPE patients using existing routine 
laboratory tests. The combination of parameters reflecting different 
systemic and pleural features showed diagnostic performance only 
compared to biomarkers of systemic or pleural responses. This con-
venient, fast and objective predictor can be useful in early clinical 
decisions and treatment of such patients.
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