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Abstract

Objective: The presence of a relationship between tuberculosis and hypercoagulability has been reported. In the case of the occurrence of
hypercoagulability, the body responds by activating the fibrinolytic system. In this study, we aimed to investigate the values of fibrinolytic
parameters and their contribution to the diagnosis in patients with tuberculosis pleurisy (TP).

Methods: Forty four patients with tuberculosis pleurisy (30 cases), malignant plural effusion (8 cases), and transudative pleural effusion
(6 cases) were involved in the study. Transudative and malignant fluids constituted the control group. The concentrations of pleural fluid
and plasma D-Dimer, fibrinogen, tissue plasminogen activator (t-PA), plasminogen activator inhibitor 1 (PAI-1), t-PA/PAI-1 complexes and
serum, and pleural fluid, adenosine deaminase (ADA), glucose, lactate hydrogenase (LDH), total protein and albumin levels of the cases
were measured.

Results: In the patients with tuberculosis pleurisy, the values of pleural fluid fibrinogen and pleural fluid PAI-1 were found to be significant-
ly higher according to the results of Mann-Whitney U test (p=<0.05 and p=<0.001, respectively).

Conclusion: In tuberculosis pleurisy, fibrinolytic system activates in parallel with the increased hypercoagulation and fibrinolytic parame-
ters also increase. These parameters can be benefited unless the diagnosis of tuberculosis pleurisy can be established through conventional

diagnostic methods.
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INTRODUCTION

Tuberculosis pleurisy (TP) is a form of extrapulmonary tuberculosis that is frequently encountered in
our country. It generally occurs as lymphocyte-dominant exudate fluid. The diagnosis of tuberculosis
pleurisy is made through the detection of tuberculosis basil in sputum, pleural fluid or pleural tissue
sample or the histopathological demonstration of granuloma with necrosis in the pleural tissue. How-
ever, the gold standard for diagnosis is the production of mycobacterium tuberculosis in culture. In spite
of this, culture positivity is present only in 15-20% of the cases (1-3). The diagnostic value of closed
pleural biopsy in tuberculosis pleurisy ranges from 60% to 80% (4, 5). However, 10-30% of the tuber-
culosis pleurisy cases cannot be diagnosed through conventional methods. In these situations, non-in-
vasive, easily applicable and accessible tests are needed in countries like Turkey, where the frequency
of tuberculosis is high. In the studies conducted to date, the use of some methods including IL-2, IL-6,
IL-12, CD-8, adenosine deaminase (ADA), tuberculostearic acid, lysozyme, polymerase chain reaction
(PCR) and interferon-y ( IFN-y) in establishing diagnoses was investigated. Among these tests, the most
prominent is ADA with high specificity and sensitivity. Adenosine deaminase is the most commonly
used alternative diagnostic method today owing to its low-cost and the fact that it is easily accessible.
Nonetheless, additional parameters are required because of the increase of ADA in many diseases (6).
For this aim, many studies have been conducted regarding fibrinolytic system parameters in TP. The fi-
brinolytic system protects the body against excessive fibrin load and acts in balance with fibrinogenesis
beyond coagulation. Its main activators are plasminogen activators. Plasminogen activator inhibitors
interfere with the system. Some studies have reported a relationship between tuberculosis pleurisy and
hypercoagulation. The tendency to hypercoagulation was correlated with proinflammatory cytokines.
In the case of increased hypercoagulation, the body responds by activating the fibrinolytic system.
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This study was performed to investigate the values of fibrinolytic sys-
tem parameters in pleural fluid and plasma, and their contribution
to the diagnosis in patients with TP. All fibrinolytic parameters were
examined and their correlation with TP was evaluated.

METHODS

This study was conducted in Yedikule Pulmonary Diseases and Tho-
racic Surgery Training and Research Hospital between May 2010 and
July 2011. Forty four patients (14 female and 30 male) were includ-
ed. At the beginning, the patients were informed about the study in
detail and their written informed consent was obtained. The cases
participating in the study were put into two groups: transudative and
exudative pleural fluids (7). Exudative fluids were further categorised
into two subgroups: tuberculosis and malignant pleural fluids. Tran-
sudative and malignant fluids constituted the control group.

In order to study D-Dimer, fibrinogen, tissue plasminogen activator
(t-PA), plasminogen activator inhibitor 1(PAI-1), t-PA/PAI-1 and ADA, a
10 cc pleural fluid sample was collected from the patients at the same
time as blood samples were collected. After these samples were cen-
trifuged at 3000 rpm for 30 minutes, the supernatant was taken into
Eppendorf tubes and stored at -40°C until the study day. The blood
samples were put into tubes containing 3.2% citrate. These materi-
als were studied in Cerrahpasa Medical Faculty of Istanbul Univer-
sity. The value of ADA in pleural fluid sample was measured using
a colorimetric method (Colorimetric DIAZYM ADA KIT 250 TEST CAT
NO: DZ117A). Plasma and pleural fluid D-Dimer (HYPHEN Biomed,
D-Dimer, Catalogue Number: RK023A), fibrinogen (Assaypro, USA,
Catalogue No. EF1040-1), t-PA/PAI-1 complex (Assaypro, USA, Cata-
logue No. EP1105-1), PAI-1 (Assaypro, USA, Catalogue No.EP1100-1)
and tPA (Assaypro, USA, Catalogue No. ET1001-1) were studied using
commercial kits based on the principle of competitive ELISA.

Advanced invasive examination was not performed in transudative
fluids, but closed pleural biopsy was carried out for patients with lym-
phocyte-dominant exudate fluid if no diagnosis was made through
the use of other methods.

Statistical Analyses

Descriptive statistics of the data were demonstrated in the values of
mean, standard deviation, frequency and percentage. Distribution of
the data was evaluated with the Kolmogorov-Smirnov test. For the
analysis of parametric data, the T-test was used. For the analysis of
non-parametric data, the Mann-Whitney U test was employed, while
the analysis of percentages was performed using the Chi-square test.
SPSS 19.0 for Windows was used for analyses.

RESULTS

Thirty TP cases and 14 non-tuberculosis pleural effusion cases (8
malignant pleural effusion and 6 transudative pleural effusion), who
were within the age range of 20-97 years, were involved in the study.
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The diagnosis of tuberculosis pleurisy was established by the pres-
ence of pleural fluid with parenchymal lesion in granulation tissue re-
vealed by closed pleural biopsy in 29 of 30 patients and the presenta-
tion of tuberculosis basil in sputum in one patient. Seven of 8 patients
with malignant pleural fluid were diagnosed through closed pleural
biopsy and the other patient was diagnosed through the appearance
of malignant cells in the pleural fluid. Of the cases with malignant
pleural fluid, 1 patient was diagnosed with primary lung carcinoma,
3 patients with malignant masothelioma, 1 patient with lymphoma
metastasis, and 3 patients with metastatic adenocarcinoma.

The mean age of TB patients (38.67+18.8 years) was significant-
ly lower than that of the non-tuberculosis pleural effusion group
(67.00+£13.79 years) (p=0.0001). No significant difference was found
between the two groups in terms of gender (p>0.05).

In the tuberculosis pleurisy group and control group, the mean
D-Dimer values of pleural fluid were found to be 5.40+0.5 pg/mL to
5.374£0.95 w/mL, the mean t-PA values of pleural fluid were 0.37+0.3
ng/mL to 0.34+0.09 ng/mL, and the mean t-PA/PAI-1 complex values
of pleural fluid were 1.38+2.4 to 0.99+0.71. Upon statistical compari-
son of these three parameters, no significant difference was observed
between the two groups (p>0.05) (Table 2).

The mean fibrinogen value was significantly higher in the tuberculosis
pleurisy group (0.78+1.1ug/mL) than in the control group (0.17+0.19
pg/mL) (p=0.049). In the same way, the mean PAI-1 value of pleural fluid
was found to be significantly higher in the TP group (30.81+40.7 ng/
mL) compared to the control group (12.53+37.32 ng/mL) (p=0.0001).
The value of ADA was higher in the TP group than in the control group
(61.88+29.2 U/L and 39.43+27.80 U/L, respectively) (p=0.020). The
concentrations in plasma fluid were as follows: for the mean D-Dimer,
8.37+27.6 ng/mL in the TP group and 1.75+1.10 ng/mL in the control
group; for the mean PAI-1 this was 8.37+27.6 ng/mLin the TP group and
1.75£1.10 ng/mL in the control group; for mean t-PA, this was 0.28+0.4
ng/mL in the TP group and 0.20+0.11 ng/mL in the control group; and
for mean fibrinogen, these were 5.64+4.3ug/mL in the TP group and
5.26+2.95 ug/mL in the control group. Considering these values, no
statistically significant difference was found between the two groups
(p>0.05). The tPA/PAI-1 value of plasma fluid in the TP group (1.04+2.6)
was significantly lower than in the control group (1.13+0.99) (p=0.014)
(Table 3). The area under the curve for PAI-1 (0.867), ADA (0.729), and
fibrinogen (0.686) was above 0.5 and it was at the level of significance
(p<0.05) that could be used for the diagnosis of tuberculosis. The area
under the curve for tPA/PAI-1 (0.464), tPA (0.426), and D-Dimer (0.352)
was below 0.5 and it was not at the level of significance that could be
used for the diagnosis of tuberculosis. PAI-1 was estimated to be the
parameter that could be considered a priority for diagnosis. ADA and fi-
brinogen followed this (Table 4). No correlation was observed between
ADA and fibrinogen and between ADA and PAI-1.

Table 1. Distribution of age and gender in cases with tuberculosis pleurisy and non-tuberculosis pleurisy

Age (MeanzSD) 38.67+£18.8 67.00+£13.79 0.0001
0, [0) 0,
Female (n, %) 10 33.3% 4 28.6% 0.752
Male (n, %) 2066.7% 1071.4%
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Table 2. In the cases with tuberculosis pleurisy and non-tuberculosis pleurisy, the mean values of parameters evaluated in pleural fluid

t-PA/PAI-1 1.38+2.4 0.99+0.71 0.705

t-PA/PAI-1 1.38+2.4 0.99£0.71 0.705

Pleural Fluid t-PA 0.37+0.3 0.34+0.09 0.434

D-Dimer 5.40+0.5 5.37+0.95 0.118

ADA 61.88+29.2 39.43+27.80 0.020

Fibrinogen 0.78+1.1 0.17£0.19 0.049

ADA: adenosine deaminase; PAI-1: plasminogen activator inhibitor -1; t-PA: tissue plasminogen activator

Table 3. In the cases with tuberculosis pleurisy and non-tuberculosis pleurisy, the mean values of parameters evaluated in plasma fluid

t-PA/PAI-1 1.04+£2.6 1.13+0.99 0.014
t-PA/PAI-1 1.04+2.6 1.13+0.99 0.014
Plasma t-PA 028+2.4 0.20+0.11 0.960
D-Dimer 2,26+1,8 2,34+1,98 0,959
Fibrinogen 5.64+4.3 5.26+2.95 0.840
PAI-1: plasminogen activator inhibitor 1; t-PA: tissue plasminogen activator
Table 4. Significance levels of parameters that can be used for the diagnosis of tuberculosis pleurisy
PAI-1 Fluid 0.867+0.071 0.73 1.00 0.0001
ADA 0.729+0.084 0.56 0.89 0.016
Fibrinogen 0.686+0.083 0.52 0.85 0.049
t-PA/PAI-1 0.464+0.101 0.27 0.66 0.705
t-PA 0.426+0.090 0.25 0.60 0.435
D-Dimer 0.352+0.099 0.16 0.55 0.118
ADA: adenosine deaminase; PAI-1: plasminogen activator inhibitor -1; t-PA: tissue plasminogen activator

DISCUSSION

Tuberculosis pleurisies are exudates and the dominant cell group
observed in the smear is the lymphocytes. Therefore, a differential
diagnosis is needed with other exudative fluids, especially with ma-
lignant pleural fluids. In our study, it was revealed that PAI-1, ADA and
fibrinogen could be used in pleural fluid for the differential diagnosis
of TP and that these parameters contribute to the diagnosis.

The diagnostic value of pleural biopsy, the most commonly used
method for diagnosis, ranges from 50% to 80% during the first im-
plementation. The contribution of the second biopsy before diag-
nosis is between 10% and 40% (8, 9). Demonstrations of basil cells
in pleural fluid or granuloma in pleural biopsy are two valuable di-
agnostic methods for final diagnosis. However, the diagnostic pos-

sibility of fluid in TP through smears and/or cultures is low (50%). In
tuberculosis pleurisy, due to the presence of undiagnosed cases in
the rate of 20-30% in spite of microbiological examination of pleural
fluid (smear and culture) and pleural biopsy, many researchers inves-
tigated some markers providing rapid diagnosis and not requiring in-
vasive procedures as alternative methods in pleural fluid and blood.

The amount of fibrin occurring when pleura is exposed to inflamma-
tion for any reason is a result of the balance between fibrinogenesis
and fibrinolysis. Fibrinogenesis appears when factors on behalf of
fibrinogenesis such as TNF-a, TGF-$ and PAI-1 are dominant; as the
amount of fibrin increases, fibrinolysis occurs. Three important enzyme
systems play a role in the regulation of hemostasis in the fibrinolytic
system. Of these enzyme systems, the first one involves plasminogen
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activators, the second involves plasminogen activator inhibitors and
the third involves thrombin-activable fibrinolysis inhibitor (TAFI). Fi-
brinogen is a glycoprotein synthesised in the liver and is found in high
concentrations during acute periods of inflammatory events such as
tuberculosis and pneumonia. With this consideration, its place in the
differential diagnosis of pleural fluids was investigated. It was detected
at lower concentrations in pleural fluid compared to the serum (10, 11).
On the other hand, increased fibrinogen degradation products were
found in malignant pleural fluids, parapneumonic pleurisies and pul-
monary embolism-associated pleural fluids.

The availability of a test offering simple and precise results for tuber-
culosis pleurisy will provide great advantages. Therefore, we aimed
to investigate the contribution of fibrinolytic system parameters to
diagnosis considering hypercoagulation increase in TP.

In our study, the mean level of D-Dimer was found to be high in
TP. However, no significant difference was observed between the
groups. Ozkara et al. (12) found the levels of pleural fluid and plasma
D-Dimer to be significantly higher in TP cases than in non-tuberculo-
sis pleurisy cases. They also reported a positive correlation between
the D-Dimer level of pleural fluid and the radiological extent of pleu-
ral effusion in TP. In their study, Lu et al. (13) revealed that D-Dimer
levels of pleural fluid were higher in patients with TP and empyema
than in those with malignant pleural effusion and that the D-Dimer
level of pleural fluid correlated with LDH of pleural fluid. Atag et al.
(14) found that plasma D-Dimer level increased significantly in pa-
tients with pulmonary tuberculosis compared to healthy individuals,
but did not differ from the increased level of D-Dimer in non-tuber-
culosis lung diseases. In our study, the fact that no significant differ-
ence was found between the two groups was attributed to the low
number of the patients. There was no significant difference between
t-PA and t-PA/PAI-1 complex values in the TP and control groups. Fi-
brinogen and PAI-1 values were higher in the TP group than in the
control group and no statistically significant difference was detected
between groups. In the study of Aleman et al. (15), the levels of fi-
brinolytic system parameters were found to be higher in exudative
fluids than in transudative fluids. PAI-1 level was prominently high-
er in TP, empyema and parapneumonic effusion of exudative fluids
than in malignant effusion. In our study, the value of PAI-1 was also
found to be higher in exudative fluids. In our study, the absence of a
significant difference for t-PA value was attributed to the low number
of cases included. Hua et al. (16) compared the levels of proinflam-
matory cytokines and fibrinolytic enzyme in patients with TP and
malignant pleural fluid and found that the levels in pleural fluid were
higher than those in blood for both groups. In this study, TNF-a and
PAI-1 levels were found to be higher in TP and t-PA level was high-
er in malignant pleural fluid. In TP, there was a positive correlation
between PAI-1 values and the PAI-1/t-PA ratio, and a negative cor-
relation between t-PA values and TNF-a and IL-1p. In malignant fluid,
a positive correlation was reported between PAI-1 values and TNF-a
and IL-1B. In our study, no significant difference was found between
the TP group and the control group in terms of t-PA values. This out-
come might have resulted from the coexistence of malignant pleural
fluid and transudative pleural fluid in the control group as well as the
low number of patients included. Phlip-Joet et al. (17) found higher
PAI-1 levels in TP and empyema compared to malignant pleural flu-
id associated with heart failure. In the same study, a correlation was
found between PAI-1 level and pleural fluid neutrophil count and
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plasma fibrinogen levels. The highest t-PA and u-PA levels of pleural
fluid were observed in patients with cancer, especially with lympho-
ma. Tirken et al. (18) revealed the values of plasma fibrinogen, factor
VIl and PAI-1 to be increased and the values of antithrombin Il and
Protein C to be decreased in active pulmonary tuberculosis. In our
study, these parameters presented a significant difference in pleural
fluid, not in plasma.

With regard to the points that may be criticised in our study, the
mean ages of the patients with malignant pleural fluid and transu-
dative fluid in the TP and control groups were not similar. Moreover,
we had to restrict the number of cases to 44 because we studied two
separate materials for each case (pleura and plasma) and the number
of kits that we had was limited. In particular, the low number of cases
in the control group was one of the main limitations of our study.

CONCLUSION

The findings obtained in our study suggest that fibrinogenesis in-
creases in pleura both systemically and locally in TP and the fibrino-
lytic system activates as a response to this condition. This explains
the presence of fibrinous pleuritis in pleural biopsy samples in many
cases with TP. For the cases not diagnosed using conventional meth-
ods, the examination of fibrinolytic system parameters may contrib-
ute to the process of diagnosing. However, further studies should
be conducted with a larger number of cases and more appropriate
patient groups.
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