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ABSTRACT:  This study was designed to evaluate major fibrinolytic para-
meters in relation to parameters of inflammation associated with different kinds of
pleural effusion. 

Sixty patients with pleural effusion were studied.  The underlying aetiology was
empyema in 10 cases, tuberculosis in 9, cancer in 31, cardiac failure in 7, and unde-
termined in 3.  Plasminogen, plasminogen activator inhibitor 1 (PAI-1) and 2 (PAI-
2), tissue type plasminogen activator (t-PA), urokinase (u-PA) and D-dimers (D-D)
were quantified in plasma samples and pleural effusion specimens.  These data were
then correlated with inflammatory or infectious parameters, i.e. fibrinogen, von
Willebrand factor (vWF), erythrocyte sedimentation rate (ESR), protein concen-
tration, and white blood cell count.

D-D levels were higher in pleural fluid than in plasma.  D-D levels were not cor-
related with either plasminogen activator or plasminogen activator inhibitor levels,
suggesting the presence of other fibrinolytic pathways.  PAI levels (PAI activity,
PAI-1 antigenicity, PAI-2 antigenicity) and vWF levels were significantly higher in
patients with tuberculosis and empyema than in patients with cancer or cardiac
failure.  Regression analysis between inflammatory and fibrinolytic parameters
showed that pleural PAI levels were significantly correlated with pleural neutrophil
count, vWF levels, and plasma fibrinogen levels.  D-D levels were correlated with
blood ESR.  No significant difference in pleural t-PA, u-PA and D-D levels was
observed between aetiologies.  The highest pleural t-PA and u-PA values were noted
in patients with cancer, especially lymphoma.  Plasma t-PA levels were higher in
patients with pleural effusion secondary to congestive heart failure, but this differ-
ence did not reach statistical significance.

In conclusion, pleural PAI levels are related to polymorphonuclear count and
vWF levels, i.e. to inflammatory processes.  Elevated levels of plasminogen activa-
tors suggest a possible role in some malignant pleural diseases.
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Activity of several haemostatic factors has been detected
in pleural fluids [1].  In patients with exudative processes,
an increase in procoagulant activity, due mainly to tis-
sue factor, has been observed [2].  The fibrinolytic sys-
tem (fig. 1), which is responsible for lysis of fibrin to
balance fibrin deposition, is regulated by precise inter-
play between activators and inhibitors [3].

In patients with pleural effusions, high intrapleural lev-
els both of tissue type plasminogen activator (t-PA),
urokinase (u-PA) and their inhibitors (PAI) have been
found.  Intrapleural hypofibrinolysis, due mainly to exces-
sive concentration of inhibitors, has been postulated in
these patients [2].  Conversely, D dimer (D-D) level, a
marker of solid phase fibrin dissolution was found to be
high in patients with malignant effusion, suggesting local
fibrinolysis activation [4].

Plasma fibrinolytic activity has been shown to be modul-
ated by inflammation in vivo [5].  In agreement with this

fact, D-D levels decreased in the pleural space after quina-
crine instillation used to cause inflammation and fibrin
deposition in treatment of malignant effusions by pleu-
rodesis [4].  These findings suggest a relationship between
intrapleural fibrinolysis and inflammatory parameters.
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Fig. 1.  –  Components of the fibrinolytic system and their effects upon
fibrin.  PAI-1 and PAI-2: plasminogen activator inhibitor 1 and 2;
t-Pa: tissue type plasminogen activator; u-Pa: urokinase.
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Von Willebrand factor (vWF) is secreted constitutively
by endothelial cells, and plays a key role in platelet adhe-
sion, thrombus formation [6].  vWF is likely to be released
at the site of infection and inflammation through the
action of histamine, complement components, cytokines
or oxygen radicals [7].

This study was designed to evaluate the relationship
between plasminogen activators, plasminogen activator
inhibitors, D-D, vWF and the inflammatory status in
human pleural fluid and plasma in patients with various
types of pleural disease.

Patients and methods

Patients

This study included 60 consecutive patients hospital-
ized for pleural effusion.  There were 36 males and 24
females, with a mean age of 62 yrs (range 32–79 yrs).

Study design

Diagnosis was based on clinical data, biopsy, cyto-
logy and usual biochemical tests.  Empyema was defined
as the presence of purulent material in the pleural space,
with or without bacteria on Gram stains and cultures.
Tuberculosis was diagnosed by pleural biopsy showing
specific lesions and/or detection of tuberculosis bacillus
by direct microscopic examination or culture.  Cancer
was documented in all cases by percutaneous pleural
biopsy.  Pleural effusion was attributed to heart failure
if clinical, electrocardiographic (ECG), radiographic and
echographic evidence of congestive heart failure was
found, and if the fluid was a transudate with a protein
level less than 30 g·L-1 [8].

Methods

Pleural effusion specimens from the first needle punc-
ture were tested.  For haemostasis testing, samples were
collected in vacutainer tubes on 3.8% citrate.  Cells were
separated by centrifugation (2,000×g for 30 min) and the
supernatant was frozen at -30°C.  Blood samples were
collected on citrate between 8.00 a.m. and 10.00 a.m. on
the same day as effusion specimens.

Plasminogen was evaluated using a chromogenic sub-
strate (Stachrom, PLG, Stago Asnières, France).  PAI
activity was determined using a functional assay (spec-
trolyse/fibrin, Biopool, Umea, Sweden).  Plasminogen
activator inhibitor-1 (PAI-1) and 2 (PAI-2), tissue type
plasminogen activator (t-PA), and urokinase (u-PA) anti-
gens (Ag) were determined by an enzyme-linked immu-
nosorbent assay (ELISA) using commercially available
kits (Biopool).  D-D and t-PA/PAI-1 complexes were
also measured by ELISA (Stago) [9].  Clottable fibrino-
gen was measured by the method of Clauss and von
Willebrand factor (vWf) by ELISA (Stago).  Laboratory
assessment also included erythrocyte sedimentation rate

(ESR), pleural protein concentration (nephelometry,
Behringwerk AG, Marburg, Germany) and white cell
count (Technicon H6000).  These parameters were mea-
sured in duplicate in blood and/or pleural samples.

Analysis

Results are expressed as means±standard error.  Blood
and effusion parameters were compared using the paired
Wilcoxon t-test.  Intergroup variations for variables were
first determined by Kruskal Wallis one-way analysis of
variance (ANOVA).  Specific comparison of variables
between two groups was made using the Mann Whitney
test.  Correlations were obtained by the Spearman's test.
A p-value less than 0.05 was considered to show a sig-
nificant difference

Results

The aetiology of pleural effusion was empyema in 10
cases, tuberculosis in 9, cancer in 31, cardiac failure in
7, and undetermined in 3.

Comparison of pleural and plasma specimens (table 1)

PAI (PAI activity(act), PAI-1 Ag, PAI-2 Ag) and D-
D levels were higher in pleural fluid than in plasma.  The
pleural fluid/plasma PAI ratio was higher than the pleu-
ral fluid/plasma protein ratio.  Plasminogen, fibrinogen
and vWF levels were higher in plasma than in pleural
fluid.

Pleural levels

Pleural fluid protein concentrations were significantly
lower in patients with congestive heart failure (fig. 2).

PAI levels (PAI act, PAI-1 Ag, PAI-2 Ag) and vWF
levels were higher in patients with tuberculosis and empy-
ema than in those with cancer or cardiac failure (fig. 3).
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Table 1.  –  Comparison between pleural and plasma
levels in all patients

Parameter Pleural fluid Plasma p-value

PAI-1 Ag  ng·mL-1 490±81 32±2 0.0001
PAI-1 act  u·mL-1 22.6±3 7.3±0.9 0.0001
PAI-2 Ag  ng·mL-1 53.9±7 0* ND
t-PA Ag  ng·mL-1 13.6±1.6 11.3±1 NS

u-PA-1 Ag  ng·mL-1 5.8±1.7 0* ND
D-D  µg·mL-1 499±43 1.15±0.06 0.0001
Plasminogen  u·mL-1 0.28±0.03 1.13±0.04 0.0001
Fibrinogen  g·L-1 1.07±0.32 5.7±0.35 0.0001
vWF  u·mL-1 0.66±0.07 2.9±0.2 0.0001
Protein  g·L-1 39.7±2 66.2±1 0.0001

Data are presented as mean±SEM.  *: less than the detection
threshold.  PAI-1 and PAI-2: plasminogen activator inhibitor
1 and 2; Ag: antigen; act: activity; t-PA: tissue type plasmino-
gen activator; u-PA: urokinase; D-D: D-dimer; vWF; von
Willebrand factor; ND: not done; NS: not significant.
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Fig. 3.  –  Pleural PAIs and von Willebrand factor levels in function
of aetiology (mean value±SEM).  *: p<0.05; **: p<0.01; ***: p<0.005,
Mann Whitney test.  Ag: antigen; act: activity; vWF: von Willebrand
factor.  For further abbreviations see legend to figure 1.        : empye-
ma;    : tuberculosis;     : cancer; 

Fig. 2.  –  Pleural protein level, polymorphonuclear and lymphocyte
counts in relation to aetiology (mean value±SEM).  *: p<0.05; **: p<0.01;
***: p<0.005, Mann Whitney test.        : empyema;       : tuberculo-
sis; : cancer;  

Plasminogen, t-PA Ag, u-PA Ag and fibrinogen lev-
els were not statistically different according to aetiology.
However, t-PA Ag and u-PA Ag were high in cancer
patients.  It is noteworthy that among cancer patients the
highest t-PA Ag and u-PA Ag levels were observed in
the six patients with lymphoma (t-PA Ag: 32±7 vs 14±2
ng·mL-1 in other cancer patients (p=0.02); u-PA Ag:
29±18 vs 4±1 ng·mL-1 in other cancer patients (p=0.06)).
Table 1 gives mean values for all patients.

D-D levels in patients with heart failure (334±117
µg·mL-1) tended to be lower than in patients with tuber-
culosis (632±44 µg·mL-1), empyema (425±98 µg·mL-1)
or cancer (516±60 µg·mL-1).  These differences were not
significant.

Plasma levels (table 2)

u-PA or PAI-2 could not be detected in plasma of any
patients (lower limit of detection 1 µg·mL-1).

The highest plasma t-PA Ag levels were observed in
patients with cardiac failure.  This finding may be rel-
ated to the presence of inactive PAI-1/t-PA complexes
(4±1.5 vs 1±0.5 ng·mL-1 in healthy subjects).  In empye-
ma, plasma PAI-1 Ag levels were elevated and there was
no increase in t-PA Ag or PAI act levels.  This finding
suggests that PAI-1 was inactive, and thus unable to
complex with t-PA.  Indeed, the levels of PAI-1/t-PA
complexes were lower in patients with empyema than in
those with cardiac failure (2.1+0.5 ng·mL-1).

Plasma fibrinogen levels were higher in exudates than
in transudates, but this difference was not statistically
significant.

Correlations between fibrinolytic parameters in pleural
fluid

D-D was not significantly correlated with plasmino-
gen activator or PAI levels, suggesting that the balance
between plasminogen activators and specific inhibitors
did not strictly determine fibrinolysis in pleural fluid.
PAI act was correlated with PAI-1 Ag (r=0.64; p<0.001)
and PAI-2 Ag (r=0.59; p<0.001).  PAI-1 Ag was corre-
lated with PAI-2 Ag (r=0.34; p<0.01).

Correlations between pleural fibrinolytic parameters and
markers of inflammation

Some fibrinolytic parameters were correlated with
inflammatory or infectious markers.   Pleural PAI levels
were correlated with pleural neutrophil count: PAI act
(r=0.33; p<0.01), PAI-1 Ag (r=0.32; p=0.01), PAI-2 Ag
(r=0.39; p<0.01) and also with pleural vWF levels: PAI act
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Table 2.  –  Plasma levels according to underlying aetiology

Parameter Empyema Tuberculosis Cancer Cardiac failure p-value*

Plasminogen  u·mL-1 1.05±0.13 1.22±0.11 1.13±0.04 1.2±0.04 0.61
PAI-1 Ag  ng·mL-1 40.7±7.1 24.2±3.8 29.8±4.0 43.7±9.2 0.08
PAI act  u·mL-1 6.0±1.5 11.3±3.6 5.8±0.8 9.9±3.8 0.28
t-PA Ag  ng·mL-1 10.9±1.4 10.8±2 9.5±1.0 20.6±5.1 0.06
D-D  µg·mL-1 1.20±0.11 1.15±0.08 1.13±0.09 1.20±0.11 0.7
Fibrinogen  g·L-1 8.0±1 5.9±0.7 4.9±0.4** 5.5±1.1 0.04
vWF  u·mL-1 2.8±3 2.9±1.7 3.0±0.2 2.4±0.2 0.7
Protein  g·L-1 65±3 66±4 65±2 62±4 0.8
ESR  mm 78±8 50±8 49±6 56±8 0.06

Data are presented as mean±SEM.  PAI-2 Ag and u-PA Ag were below the threshold of detection.  *: Kruskall Wallis, comparison
between the groups; **: Mann Whitney; empyema vs cancer, p=0.06.  ESR: erythrocyte sedimentation rate.  For further abbrevi-
ations see legend to table 1.

: cardiac failure.

: cardiac failure.



(r=0.58; p<0.001), PAI-1 Ag (r=0.61; p<0.001 ) and PAI-
2 Ag (r=0.38; p<0.01). Pleural PAI-act and PAI-2 Ag
were positively correlated with plasma fibrinogen (r=0.38;
p<0.01 and r=0.41; p<0.01, respectively).

Pleural u-PA Ag was correlated with pleural protein
(r=0.35; p<0.01).  Pleural D-D were positively correl-
ated with blood ESR (r=0.44; p<0.01) and pleural pro-
tein (r=0.48; p<0.01).  Pleural t-PA Ag was not correlated
with any of the parameters tested.

Discussion

In vivo fibrin formation is controlled by fibrinolysis.
Previous reports using the fibrin plate assay [2] have

shown fibrinolytic activity in the pleural effusions of all
patients except those with transudates.  The fibrin plate
assay is a method that evaluates the balance between
plasminogen activators and inhibitors on standardized
fibrin plate in vitro. The D-D assay is a method that eval-
uates the effect of the activator/inhibitor balance on fib-
rin in vivo.  Our results showed high pleural D-D levels
in all patients with pleural effusion, suggesting either
strong fibrinolytic activity or poor clearance of locally
produced D-D.  These data and the lack of correlation
between D-D and plasminogen activators and inhibitors
suggest the existence of another fibrinolysis activation
pathway in pleural fluid.

Several findings indicate that fibrinolytic activity in
plasma is related to inflammation.  Numerous studies
have correlated decreased plasma fibrinolytic activity
with elevated PAI-1 in patients with septicaemia and dur-
ing postoperative recovery [10].  Similarly, a positive
correlation has been reported between plasma PAI-1 lev-
els and inflammatory protein [5].  The fibrinolytic process
has also been implicated in cancer invasion by convert-
ing plasminogen to active plasmin, which causes degra-
dation of matrix components [11, 12].

As previously noted [2], pleural PAI-1 levels were sig-
nificantly higher in exudates than in transudates.  High
PAI-1 levels in pleural fluid could result either from sys-
temic production with diffusion in the pleura due to
increased microvascular permeability, or from local pro-
duction as suggested by the high pleural/plasma ratio.
The increase of PAI-1 levels was correlated with poly-
morphonuclear count, plasma fibrinogen level and pleu-
ral vWF levels.  These observations favour the hypothesis
that PAI-1 production is induced by an inflammatory
process.  The high correlation observed between PAI-1
and vWF levels suggests a common pathway of regula-
tion during pleural inflammation.  One implication of
this correlation is a possible role of the endothelium in
pleural inflammation during infection or cancer.   Mesoth-
elial or endothelial cells are able to increase their PAI-1
production in response to different cytokines (tumour
necrosis factor-α (TNFα), interleukin-1(IL-1) [13] and
growth factors [14].  This ability could account for the
increased pleural levels observed during infection or can-
cer.

PAI-2 levels were also higher in pleural exudates.  PAI-
2 is known to be produced both by placental tissue and

macrophages [15], and has been observed in peritoneal
fluid [16].  As recently shown by SAXNE et al. [17], poly-
morphonuclear cells might be involved in PAI-2 syn-
thesis and could explain the slightly higher PAI-2 levels
observed in patients with empyema as compared to patients
with tuberculosis.  The role of polymorphonuclear cells
is further supported by the correlation observed between
PAI-2 levels and pleural neutrophils.  In patients with car-
diac failure, the mechanism underlying the accumulation
of pleural fluid involves increased hydrostatic pressure
and, consequently, PAI-2 and PAI-1 levels remain low.

Plasminogen activator levels were not significantly dif-
ferent according to aetiology.  However, they did tend
to be increased in malignant effusions.  Like IDELL et al.
[2], we found high pleural t-PA Ag levels in adenocar-
cinoma but we observed the highest levels in patients
with lymphoma.  The pleural fluid/plasma t-PA Ag ratio
was high in cancer and low in chronic heart failure.  The
difference could be explained by a decrease in venous
return and hepatoclearance in association with low car-
diac output [18].  The fact that plasma PAI-1 Ag levels
also appeared to be high even when PAI-1 act levels
were low suggests the presence of an excess of inactive
PAI-1/t-PA complexes in the plasma of these patients.

In conclusion, regulation of the balance between plas-
minogen activators and inhibitors was different accord-
ing to the aetiology of pleural effusion.  Pleural PAI
levels were greatly enhanced in exudates due to inflam-
matory or infectious process.  In contrast, plasminogen
activator levels were increased in malignant effusions,
particularly those due to lymphoma.  We observed a
strong increase in pleural D-D levels in all patients with
pleural effusion.  This finding did not appear to be cor-
related with pleural fluid plasminogen activators and
inhibitors.  Pleural PAI levels are related to pleural poly-
morphonuclear count, vWF levels and plasma fibrinogen
levels, i.e. to inflammation.  Elevated levels of plas-
minogen activators may play a role in some malignant
pleural diseases.
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