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Role of Pleural Fluid D-Dimer as a Novel Marker 
in the Diagnosis of Pleural Effusion
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INTRODUCTION
Tuberculosis (TB) still remains a major global health problem as 
approximately 10.4 million people has fallen ill with TB in 2016. TB 
is the ninth leading cause of death worldwide and the leading cause 
from a single infectious agent, ranking above HIV/AIDS. In 2016, there 
were an estimated 1.3 million TB deaths among HIV-negative people 
(down from 1.7 million in 2000) and an additional 3,74,000 deaths 
among HIV-positive people [1]. TPE is one of the most common 
extrapulmonary manifestations of TB, which can lead to TB morbidity 
[2]. The diagnosis of TPE is made by detecting acid fast bacilli from 
the pleural effusion, sputum, or pleural tissue [3]. However, due to 
the paucity of the acid fast bacilli in pleural effusion, the diagnostic 
tools, such as acid fast bacilli test, cytological examination of fluid for 
inflammatory cells, microbiological examination of pleural tissue and 
molecular tests like the Xpert MTB/RIF assay show poor sensitivities 
[4,5]. Lactate dehydrogenase (LDH) is an enzyme found in almost 
all body tissues. It plays an important role in cellular respiration, the 
process by which glucose is converted into usable energy for the 
cells. Normally, the blood levels of LDH are low but when tissues 
are damaged by injury or disease, they release more LDH into the 
blood. The pleural fluid LDH level is elevated in approximately 75% 
of cases of pleural effusion, with levels commonly exceeding 500 
IU/L [6]. Adenosine deaminase (ADA) is an enzyme produced by 
cells throughout the body and is associated with the activation 
of lymphocytes. Conditions such as TB may cause increased 
amounts of ADA to be produced in the areas where the bacteria 
are present and thus the amount of ADA present in pleural fluid 
is useful to diagnose a TB pleural effusion. However, pleural fluid 
LDH and ADA levels are commonly used to distinguish between 
TPE and non TPE, this can be challenging as the LDH level may 
vary from normal to severely increased in parapneumonic pleural 
effusion and a significantly elevated ADA is frequently measured in 
both conditions [7]. The D-dimer is a product of fibrin degradation 
that is formed by the sequential action of enzymes of coagulation 
cascade [8]. Coagulation cascade plays an important role in pleural 
diseases and several studies have reported that TPE is associated 
with enhanced local fibrinolytic activity [9,10]. However, in India there 

is no data available suggesting the precise role of D-dimer in TPE. 
The aim of the present study is to investigate the role of D-dimer in 
the diagnosis of TPE.

MATERIALS AND METHODS
A cross-sectional study was conducted over a period of one year 
during 2017-18 in Dhiraj hospital, a tertiary care hospital situated in 
Vadodara district of Guajrat. The study consisted of 101 patients in 
the age groups 30-80 years, divided into case group (41 patients 
with TPE) and control group (60 patients with non TPE) admitted 
in Emergency Department and in Intensive Care Unit. In the case 
group, 41 individuals diagnosed with TPE were enrolled after getting 
approval from Institutional Ethical Committee (Approval no. SVIEC/
ON/Medi/RP/17019). Selection was made based on positive 
results of cytological examination, clinical features of TB infection 
associated with a sustained positive response to anti TB therapy. 
In the control group, 60 patients of Non TPE such as patients with 
Malignant Pleural Effusion (MPE) (n=32), Parapneumonic pleural 
effusion (n=15), pleural effusion caused by heart failure (n=7) or liver 
cirrhosis (n=6) were enrolled. The diagnosis of MPE was made when 
malignant cells were found on cytological examination and or on 
closed pleural biopsy, or on lung tissue biopsy. While effusion caused 
by heart failure or liver cirrhosis were diagnosed by clinical findings 
or abnormal cardiac markers or liver function tests. However, due 
to the higher D-dimer level in certain cases, such as patients who 
had an operation, pulmonary embolism, experienced trauma, kidney 
diseases, Disseminated Intravascular Coagulation (DIC), and females 
who were pregnant, were excluded from the study [11].

After taking informed consent from the patients, the pleural fluid 
samples were collected in Ethylene Diamine Tetra Acetic acid (EDTA) 
and plain vacutainer by using aseptic precautions and centrifuged 
for 10 minutes. D-dimer testing was done by latex agglutination 
kit for the detection of circulating derivatives of cross-linked fibrin 
degradation products in human plasma on fully automated analyser 
ERBA EM-200®. Proteins were estimated by colorimetric endpoint 
Biuret method whereas LDH levels were estimated by using DGKC 
method which is based on the use of pyruvate substrate as per 
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ABSTRACT
Introduction: Tuberculous Pleural Effusion (TPE) is associated 
with enhanced fibrinolytic activity which may lead to high levels 
of D-dimer.

Aim: The present study aimed to investigate whether pleural 
fluid D-dimer plays a diagnostic role for TPE.

Materials and Methods: It is a cross-sectional study comprising 
of 101 patients diagnosed with pleural effusion that were divided 
into TPE (41 patients) and Non TPE (60 patients). Pleural D-dimer 
levels were measured by latex agglutination assay. The capacity of 
pleural D-dimer to differentiate TPE from non TPE was assessed 
with Receiver Operating Characteristic (ROC) curve analyses.

Results: Subjects with TPE showed a marked elevation of 
pleural D-dimer than those with Non TPE (Mean: 1690.5 mg/L 
FEU vs 305 mg/L Fibrinogen Equivalent Unit (FEU); p<0.0001). 
The area under curve when pleural D-dimer was used to 
differentiate TPE from non TPE was 0.962 (95% confidence 
interval: 0.92 to 0.99). With a cut-off value of >501 mg/L FEU, 
the sensitivity and specificity were 90.24% and 86.67%, 
respectively. Pleural fluid D-dimer levels were higher in TPE 
as compared to Non TPE.

Conclusion: D-dimer might be useful as a novel marker for the 
diagnosis of TPE.
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Pleural fluid Case mean (95% CI) Control mean (95% CI) p-value

Proteins (G/Dl) 6.50 (6.19-6.82) 3.66 (3.37-3.97) <0.0001

LDH (IU/L) 592.03 (540.2-648.83) 450.14 (405.05-500.25) 0.0004

ADA (IU/L) 43.56 (40.84-46.46) 18.60 (17.52-19.76) <0.0001

D-DIMER 
(mg/L FEU)

1690.5 (1314-2175) 305 (267-348) <0.0001

[Table/Fig-2]:	 Comparison of biochemical parameters in case and control groups.
*95% CI- 95% Confidence interval

Age in years
Gender

Total (%)
Female (%) Male (%)

31-40 13 (12.9) 12 (11.9) 25 (24.8)

41-50 20 (19.8) 23 (22.8) 43 (42.6)

51-60 11 (10.9) 12 (11.9) 23 (22.8)

61-70 4 (4.0) 3 (3.0) 7 (6.9)

71-80 2 (2.0) 1 (1.0) 3 (3.0)

TOTAL (%) 50 (49.5) 51 (50.5) 101 (100)

[Table/Fig-1]:	 Demographic data of all individuals included in study groups (n=101).
TPE: Tuberculous pleural effusion; PPE: Parapneumonic pleural effusion; MPE: Malignant pleural 
effusion; HFPE: Pleural effusion due to heart failure; HPE: Hepatogenous pleural effusion

Henry RJ et al., [12]. ADA levels were estimated by colorimetric Non 
Giusti and Galanti Method [13]. Proteins, LDH and ADA were also 
analysed from pleural fluid samples on ERBA EM-200® by using 
ERBA reagent system packs of those parameters. Normal range of 
proteins was 0-3.0 g/dL, LDH 5-275 IU/L, ADA was 3-30 IU/L and 
D-dimer was 100-500 mg/L FEU as given in the kit literature. Fluid 
samples were diluted 100 times before estimation as fluid D-dimer 
level is higher than in blood.

STATISTICAL ANALYSIS
Statistical analysis was performed using the commercially available 
statistical software SPSS 14.0 version, MedCalc version 12.5 and 
Microsoft excel. The p-value of less than 0.05 was considered 
statistically significant. ROC curve analysis and calculation of the Area 
Under the Curve (AUC) was done for all parameters included in the 
study population. The optimum cut-off was used to dichotomously 
classify the positive or negative D-dimer levels, and it was also used 
for calculating the diagnostic sensitivity and specificity.

RESULTS
The present study comprised of 101 individuals between the age of 30-
80 years (41 cases and 60 controls) with a mean age of 56.69±13.46. 
Among these 101 individuals, 51 were males and 50 were females 
[Table/Fig-1]. Among 41 patients from case group mean age was 
56.59±13.32 years and among them 20 individuals were males. 
The 60 patients from control group had a mean age of 55.75±13.35 
years and among them 30 were males. The unpaired t-test showed 
t=0.455, degree of freedom=99 and p-0.650. This showed that there 
was no significant difference between these age groups.

Fluid D-dimer Cut-off value >501 mg/L FEU in ROC (95% CI)

Sensitivity 90.24% (76.9-97.3)

Specificity 86.67% (75.4-94.1)

PPV 81.86% (70.1-89.7)

NPV 93.0% (83.9-97.1)

PLR 6.77

NLR 0.11

AUC 0.963 (0.92-0.99)

[Table/Fig-3]:	 Sensitivity, specificity, Positive Predictive Valve (PPV), Negative Pre-
dictive Value (NPV), Positive Likelihood Ratio (PLR), Negative Likelihood Ratio (NLR) 
and Area Under the Curve (AUC) of fluid D-dimer.

Biochemical analysis of pleural fluid showed increase in proteins, 
LDH, ADA and D-dimer levels in TPE group. To find out whether 
there was any correlation of fluid D-dimer levels in between case 
and control group, unpaired t-test was performed and p-value 
was derived. The value p<0.001 suggested significant difference in 
values of fluid D-dimer between these two group [Table/Fig-2].

DISCUSSION
Currently most of the laboratories use LDH and ADA for the 
diagnosis and differentiation of TPE and non TPE in biochemical 
examination. This can be challenging as LDH can increase in TPE, 
PPE, and MPE, and the level is likely to range greatly from normal 
to very high, due to its low sensitivity which limits the use of LDH 
for identifying PPE in a patient [14,15], In many cases, an ADA 
level ≥40 U/L in an exudate has been the most widely accepted 
indicator for the diagnosis of TPE but ADA levels are also higher 
in case of PPE and so it is very difficult to differentiate TPE from 
PPE by using ADA levels [7]. Although conventional methods 
like histological examination and mycobacterial culture of closed 
pleural biopsied tissue can be considered gold standard due to 
high sensitivity, they may not be widely used in hospitals as they are 
not well tolerated and can increase morbidity as well [16]. In such 
scenario, there is need of a novel biomarker which can be used in 
diagnosis and differentiation of TPE and non TPE along with the 
other diagnostic modalities so that the diagnosis can be done early. 
Characteristically, an exudative effusion increases the cellularity, 
higher protein levels and various inflammatory biomarkers. 
The coagulation system is fundamental for the maintenance of 
homeostasis and should be considered due to its close relationship 
to the inflammatory process. When blood enters the pleural space, 
the coagulation system comes into action when there is severe 
inflammatory response of pleura as the presence of TPE may injure 
pleura and induce coagulation activation; which leads to enhanced 
fibrinolytic activity due to the large amounts of plasminogen and 
plasminogen activators present in the pleural space and results in a 

[Table/Fig-4]:	 ROC curve of fluid D-dimer in the diagnosis of TPE.

The ROC curve was constructed to test the performance of fluid 
D-dimer to differentiate TPE from non TPE. Sensitivity, specificity, 
Negative Predictive Values (NPV) and Positive Predictive Values 
(PPV) were calculated from ROC curves. The area under the ROC 
curve (AUC) for fluid D-dimer at the optimum cut-off value >501 
mg/L FEU was 0.963 (0.92–0.99; p<0.001). On considering the 
cut-off point as >501 mg/L FEU for fluid D-dimer, the sensitivity 
was 90.24%, specificity was 86.67%, PPV was 81.86%, NPV was 
93.0%, Positive Likelihood Ratio (PLR) was 6.77 and Negative 
Likelihood Ratio (NLR) was 0.11 [Table/Fig-3,4].
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high pleural D-dimer level [17]. The plasminogen activators convert 
the plasminogen into active plasmin, which, in turn, enzymatically 
breaks down fibrin. The D-dimer is the primary degradation product 
of cross-linked fibrin which serves as a marker of coagulation with 
fibrinolysis [17,18].

In the present study, when the fluid D-dimer levels were compared 
between case and control groups it was found that mean in 
case group was 1690.5 mg/L FEU with 95% Confidence interval 
(95% CI) between 1314 mg/L FEU and 2175mg/L FEU and that 
in control group was 305 mg/L FEU with 95% CI between 267 
mg/L FEU and 348 mg/L FEU. The levels of fluid D-dimer were 
significantly higher in TPE group as compared to non TPE group 
(p<0.0001).

Shen Y et al., conducted a similar study in which 87 patients with 
pleural effusion were included (32 TPE cases and 55 non TPE 
controls) [19]. Pleural D-dimer level was markedly increased in 
TPE patients than those with other aetiologies (1082.66±453.83 
vs. 319.98±266.78 mg/L FEU, p<0.05). The AUC was 0.928 
with a cut-off value of 622.5 mg/L FEU (95% CI: 0.878-0.979) 
and the sensitivity and specificity were 84.38% and 85.45%, 
respectively. Whereas in the present study, the area under 
the ROC curve (AUC) for fluid D-dimer at the optimum cut-off 
value >501 mg/L FEU was 0.963 (95% CI 0.92-0.99; p<0.001) 
and the sensitivity and specificity were 90.24 and 86.67% 
respectively which were higher than their study. Lu YD et al., 
conducted a study of D-dimer in pleural fluid of different effusion 
in 45 patients [20]. The levels of D-dimer in both tuberculous 
and empyema pleural effusion were significantly higher than in 
MPE (p<0.01; p<0.05). D -dimer was positively correlated with 
LDH in pleural fluid (r=4168, p<0.01). No similar study has been 
done in India showing the role of fluid D-dimer in the diagnosis 
and differentiation of TPE and non TPE.

Emami Ardestani M et al., in their study reported the comparison of 
D-dimer levels in each group between MPE vs. non MPE (NMPE) 
[21]. The mean pleural and serum D-dimer levels were 3472±1312 
ng/dL and 3259±1220 ng/dl in patients with MPE, and 3425±32.5 
ng/dL and 2425±1311 ng/dL in patients with NMPE, respectively. 
The serum D-dimer levels were not statistically different between 
two groups; while the pleural D-dimer levels were higher in MPE 
group in comparison with NMPE patients (p<0.05). However, in the 
present study, the levels of fluid D-dimer were significantly higher 
in TPE group as compared to non TPE group (p<0.0001).

Limitation(s)
This study has been conducted with a small sample size. It is 
still advisable to conduct similar studies with more participants, 
there by confirming the role of D-dimer as a novel marker in the 
diagnosis and differentiation of TPE and non TPE in a large scale 
population.

CONCLUSION(S)
From this study it can be concluded that the levels of fluid D-dimer 
are higher in TPE as compared to non TPE and hence it can be 
used as a novel marker in the diagnosis and differentiation of TPE 
and non TPE.
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