
Abstract. – BACKGROUND AND OBJECTIVES:
Tuberculous pleural effusion (TPE) is associated
with enhanced local fibrinolysis; however, its role
in TPE has not been studied. The present study
aims to investigate whether pleural D-dimer, a fib-
rinolysis marker, plays a diagnostic role for TPE.

PATIENTS AND METHODS: Patients with pleur-
al effusion were recruited prospectively. All sub-
jects underwent a standard thoracocentesis and
pleural effusion samples were collected. The diag-
nosis of pleural effusion was based on clinical,
radiological, bacteriological, and histopathologi-
cal examinations. Pleural D-dimer levels were
measured by immunonephelometry assay. The ca-
pacity of pleural D-dimer to differentiate TPE from
non-TPE was assessed with receiver operating
characteristic curve analyses. 

RESULTS: A total of 87 patients with pleural ef-
fusion were included in the study (32 TPE cases
and 55 non-TPE controls). Subjects with TPE
showed a marked elevation of pleural D-dimer
than those with other etiologies (1082.66±453.83
vs. 319.98±266.78 mg/L FEU, p < 0.05). The area
under curve when pleural D-dimer was used to
differentiate TPE from non-TPE was 0.928 (95%
confidence interval: 0.878-979). With a cut-off val-
ue of 622.5 mg/L FEU, the sensitivity and speci-
ficity were 84.38% and 85.45%, respectively.

CONCLUSIONS: Pleural D-dimer levels are
higher in TPE than other causes of pleural effu-
sions. D-dimer might be useful as a simple, sur-
rogate marker for TPE. Further studies are need-
ed to confirm our findings.
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Introduction

Tuberculosis (TB) remains a public health
problem worldwide1. According to the latest
2012 global tuberculosis report, in 2011, it is es-
timated that there were 8.7 million new cases of
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TB and 1.4 million people died from TB, includ-
ing almost 1 million deaths among HIV-negative
individuals and 430,000 among people who were
HIV-positive2. Tuberculous pleural effusion
(TPE) occurs in up to 30% of patients with TB
and constitutes the major portion of the extra-
pulmonary TB morbidity3. To establish or ex-
clude TPE diagnosis is of great importance when
dealing with patients with pleural effusion. How-
ever, current available diagnostic tools, such as
acid fast bacilli test, pleural fluid culture, cyto-
logical examination of fluid for inflammatory
cells, microbiological and histological examina-
tion of biopsied tissue, play a limited role in dif-
ferentiating TPE from non-TPE4,5.

Coagulation system plays an important role in
pleural diseases, and to make an understanding
of pathophysiological mechanisms between co-
agulation and pleural disorders may open possi-
bilities for novel diagnostic and therapeutic ap-
proaches6. Several studies have reported that TPE
is associated with enhanced local fibrinolytic ac-
tivity. Thus, D-dimer level, a marker of solid
phase fibrin dissolution was found to be high in
patients with TPE7,8. However, no data are avail-
able concerning the precise role of pleural D-
dimer measurement in TPE. The present study
aims to investigate the diagnostic potential of
pleural D-dimer for TPE.

Patients and Methods

The study protocol was approved by our Insti-
tutional Review Board for Human Studies of
West China Hospital of Sichuan University (a
4400-bed comprehensive teaching hospital in
Chengdu, Sichuan province, China), and was
conducted according to the guidelines of stan-
dards for reporting of diagnostic accuracy9.

2013; 17: 201-205



Age (years) 52 ± 15
Sex (m/f) 47/40
Location
Left 22
Right 41
Bilateral 24

Color
Yellow 66
Bloody 14
Yellow-Bloody 7

Diagnosis
TPE 32
MPE 28
NSCLC 19
SCLC 4
Other 5
HF 11
PPE 11
HPE 5

Table I. Clinical and demographic data of the study popula-
tion (n = 87).

TPE: Tuberculous pleural effusion; MPE: Malignant pleural
effusions; NSCLC: Non-small cell lung cancer; SCLC: Small
cell lung cancer; HF: Heart failure; PPE: Parapneumonic
pleural effusions; HPE: Hepatogenous pleural effusion.

202

Study Subjects
From January 2012 to September 2012, 87 pa-

tients with pleural effusions referred to Depart-
ment of Respiratory Medicine, West China Hos-
pital of Sichuan University for further diagnostic
investigation were recruited for this prospective
study. Written consents were obtained from all
the patients. 

32 HIV-negative patients were diagnosed with
TBE, according to the diagnostic criterions set by
Yang et al10: (1) positive of acid fast bacilli in
pleural fluid, pleural fluid culture shown the
growth of Mycobacterium tuberculosis (M. tu-
berculosis), or demonstration of granulomatous
pleurisy on closed pleural biopsy specimen (n =
22); (2) clinical features of tuberculosis infection
associated with a sustained positive response to
anti-tuberculosis therapy, along with an adeno-
sine deaminase level of ≥ 40 U/L in exudative
pleural effusion, and a positive purified protein
derivative skin test result and the exclusion of
any other potential causes of pleurisy (n = 10).
For control group, there were 28 patients with
malignant pleural effusion, the diagnosis of ma-
lignant pleural effusion was made when malig-
nant cells were found on cytological examination
and or on closed pleural biopsy, or on lung tissue
biopsy. In addition, 11 patients with parapneu-
monic pleural effusions, 16 patients with pleural
effusion caused by heart failure (n = 11) or liver
cirrhosis (n = 5) were also included as control
group.

Sample Collection and 
D-dimer Measurement

All included subjects underwent a standard
thoracocentesis procedure. The pleural effusion
samples were collected in 3.2% buffered sodium
citrate and centrifuged at 2000 g for 15 minutes
within 4 hours of collection from each subject.
Venous blood was drawn simultaneously for bio-
chemical examination and D-dimer detection.
Blood and pleural samples were sent to analyze
immediately. Plasma and pleural D-dimer were
assayed by immunonephelometry assay. Due to
the high D-dimer levels compared to plasma,
pleural samples were diluted 1:100 before assay.

In addition, serum protein levels, lactate de-
hydrogenase (LDH), pleural glucose, protein,
LDH levels were also detected. All the sample
analysis was performed in Department of Labo-
ratory Medicine, West China Hospital of
Sichuan University, which has met all applica-
ble standards for accreditation and is fully ac-

credited by the College of American Patholo-
gists’ Laboratory Accreditation Program. The
laboratory studies were blinded to the etiology
of the pleural effusion.

Statistical Analysis 
Data were expressed as the Means ± SD. Dif-

ference in data was analyzed by the Student’s t-
test, using receiver operating curve (ROC) analy-
sis to evaluate the threshold value of D-dimer in
differentiating TPE from non-TPE. For each
ROC, a cut-off point was determined as the value
of the parameter that maximized the sum of
specificity and sensitivity. Statistical analysis was
carried out using SPSS 18.0 software (SPSS
Inc., Chicago, IL, USA). A value of p < 0.05 was
considered significant.

Results

General Characteristics of 
Pleural Effusions

Of the included 87 patients, the mean age was
52±15 years, there were 47 males and 40 fe-
males. The detailed demographic and clinical
characteristics of the study population were sum-
marized in Table II. Biochemical characteristics
in pleural effusion and blood are illustrated in
Table II. Patients with TPE showed a marked ele-
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TPE (n = 32) non-TPE (n = 55) p

Blood
Protein (g/l) 66.32 ± 7.24 60.33 ± 8.96 0.002
LDH (U/l) 190.62 ± 53.87 227.64 ± 87.99 0.017
D-dimer (mg/l FEU) 3.01 ± 1.20 2.17 ± 1.06 0.001
Pleural effusion
Glucose (mmol/l) 4.82 ± 1.56 7.12 ± 4.60 0.008
Protein (g/l) 44.97 ± 8.29 30.75 ± 12.98 0.000
LDH (U/l) 390.28 ± 225.33 257.69 ± 243.84 0.012
D-dimer (mg/l FEU) 1082.66 ± 453.83 319.98 ± 266.78 0.000

Table II. Biochemical characteristics of pleural effusions (n = 87).

TPE: Tuberculous pleural effusion; LDH: Lactate dehydrogenase.

Figure 1. Pleural D-dimer levels in TPE and non-TPE.
TPE: Tuberculous pleural effusion.

Figure 2. Correlation between pleural D-dimer levels and
pleural LDH levels. The Pearson’s Correlation was 0.493, p
= 0.012.
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els for TPE, we calculated the ROC curve. The
area under ROC curve (AUC) was calculated
when D-dimer was used to differentiate TPE
from non-TPE. The AUC was 0.928 (95% con-
fidence interval: 0.878-979; p < 0.05) (Figure
3). With a cut-off value of 622.5 mg/L FEU, the
sensitivity and specificity were 84.38% and
85.45%, respectively. 

Discussion 

The present study investigated the pleural lev-
els of D-dimer and their diagnostic roles for TPE.
Our results suggest that pleural D-dimer levels
are higher in TPE patients than those non-TPE
subjects, D-dimer may be as a possible marker
for TPE with a sensitivity of 84.38% and speci-
ficity of 85.45%.

Up to now, the diagnosis of TPE is still a
clinical challenge. The positive rate of pleural
fluid culture for M. tuberculosis is less than

vation of pleural LDH, and protein (both p <
0.05), while non-TPE subjects showed a higher
pleural glucose level (p < 0.05). 

Concentration of D-dimer
The concentrations of pleural D-dimer in TPE

(1082.66±453.83 mg/l FEU) were significantly
higher than those in non-TPE (319.98±266.78
mg/l FEU) (p < 0.05) (Figure 1). The plasma D-
dimer levels were also significant different be-
tween samples from TPE compared to the other
etiologies (p < 0.05). In addition, we also identi-
fied significant correlations between pleural D-
dimer levels and pleural LDH with Pearson cor-
relation (r = 0.493, p = 0.012) (Figure 2).

Diagnostic potential of D-dimer for TPE
To evaluate the diagnostic value and find the

best sensitivity and specificity of D-dimer lev-



204

40% and acid fast bacilli are almost always neg-
ative5. Histological examination and mycobacte-
rial culture of closed pleural biopsied tissue
have been recognized as the gold standard
methods of TB diagnosis, and thoracoscopic
pleural biopsy can also provide a high sensitivi-
ty4,5, but they may not be widely used in hospi-
tals at all levels and well tolerated, what’s more,
these procedures will even increase the mortali-
ty. Adenosine deaminase and interferon-γ are
two well-known diagnostic markers for TPE,
while the acceptance of these markers for the
diagnosis of TPE has not been universal and re-
mains contentious in some countries, with their
diagnostic performance being very variable be-
tween populations4,11. To find a novel marker for
TPE is necessary and urgent. 

Our results suggest that pleural D-dimer levels
in TPE are much higher than those with other eti-
ologies of pleural effusions, suggesting either en-
hanced fibrinolytic activity or poor clearance of
locally produced D-dimer. D-dimer is the prima-
ry degradation product of cross-linked fibrin and,
therefore, serves as a direct marker of ongoing
coagulation with fibrinolysis. The inflammation-
coagulation balance is of fundamental impor-
tance to the pathophysiology of pleural effusions.
Vaz et al6 reported that in inflammatory effu-
sions, such as TPE, coagulation system was acti-
vated, and as a consequence, there is activation
of the fibrinolytic system with increased levels of

pleural fibrin degradation products, including the
D-dimer6. We speculated that the severe inflam-
matory response of pleura during the presence of
TPE may injury pleura and induce coagulation
activation; then causes local enhanced fibrinolyt-
ic activity, thus, results in a high pleural D-dimer
level. In addition, D-dimer can trigger the release
of inflammatory mediator such as interleukin
(IL)-1 , IL-6 in peripheral blood monocytes, and
D-dimer can also enhance the inflammatory re-
sponse during macrophage-derived foam cell in
atherosclerosis12,13. There may be a possible en-
hanced inflammatory response role of D-dimer
for pleural tuberculosis, which needs further in-
vestigation.

Lu et al14 reported that D-dimer levels were
significantly higher in pleural fluid from patients
with tuberculous pleuritis and empyema than
those in pleural fluid from patients with malig-
nant pleural effusions14. Philip-Joët et al8 also no-
ticed that D-dimer levels in patients with tubercu-
losis tended to be higher than in patients with
heart failure, empyema, and or cancer, although
there was no significance8. Our study put a fur-
ther work based on previous studies, we investi-
gated the diagnostic potential of D-dimer for
TPE, with an AUC of 0.928, suggesting pleural
D-dimer may be a valuable marker for TPE. In
Matveychuk et al study15, they found high D-
dimer levels among malignant pleural effusions,
and concluded that D-dimer might be useful as a
simple, noninvasive, surrogate marker for malig-
nant pleural effusion15. In their control group,
then recruited 25 patients with infection, but they
don’t refer whether TB patients were included.

Our data included 32 patients with TPE, and
found that pleural D-dimer can differentiate TPE
from other causes of pleural effusion. The pleural
inflammation caused by TB may be more severe
than that caused by other etiologies, such as ma-
lignant diseases, thus, the D-dimer levels in TPE
are higher than those in malignant pleural effu-
sions. In addition, we note that pleural D-dimer
levels were positively correlated with pleural
LDH levels. Since pleural LDH level may reflect
the severity of tuberculous pleuritis, we speculat-
ed that pleural D-dimer levels may reflect the
severity of tuberculous pleuritis to some ex-
tent13,16.

Our study has several limitations, first of all,
we enrolled only 32 patients with TPE; the limit-
ed patients number may affect the application of
our findings. Secondly, our study is an observa-
tional study; we didn’t do a further work on the
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Figure 3. Receiver operating characteristic curves of pleur-
al D-dimer for differential diagnosis of TPE (n = 32) versus
non-TPE (n = 55). The area under the receiver operating
characteristics curve was 0.928.
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detail mechanism how M. tuberculosis affects lo-
cal fibrinolytic system and how D-dimer affects
the pleural immune reaction and inflammatory
response. Further studies at a large scale and
aiming to investigate the detailed mechanism
should be carried out to confirm our findings.

Conclusions

Our results suggest that pleural D-dimer levels
are higher in patients with TPE compared to non-
TPE subjects. Pleural D-dimer may serve as a
new diagnostic marker for TPE.
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