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Despite the fact that the lung circulation is a low-pressure
system with regional low-flow zones, in situ thrombosis
does not occur under physiological conditions, suggesting
that the lungs have effective means of preventing intravas-
cular coagulation. In contrast, thrombosis of pulmonary
vessels is a common finding in primary pulmonary hy-
pertension (PPH), where it is found with a frequency of
30–60% [1, 2]. These thrombotic events are likely to be
involved in the progression of the disease since treatment
with oral anticoagulants improves the prognosis for PPH
patients [3, 4].

Data on the coagulation and fibrinolytic system in PPH
are confusing. Previous studies in PPH patients found de-
creased fibrinolytic activity, as determined by a prolonged
euglobulin lysis time [5]. Increased plasma levels of plas-
minogen activator inhibitor (PAI), which may be a cause
of impaired fibrinolysis have been reported by some groups
[5, 6], but not by others [7]. Increased thrombin activity in
PPH was suggested by elevated plasma levels of fibrino-
peptide A, a lysis product of thrombin fibrinogen cleav-
age [8]. Since fibrinopeptide A levels are highly sensitive
to any form of instrumentation, it remains unclear whether
this finding indeed reflects increased intravascular
thrombin formation.

In the present study, a set of laboratory parameters for
assessing anticoagulant and fibrinolytic activity in PPH
was investigated. In a subset of patients, mixed-venous
and arterial blood samples were also compared to deter-
mine any transpulmonary gradient of these variables.

Patients and methods

Sixteen patients with PPH, who were referred for evalu-
ation of lung transplantation, were studied. In each case,
the diagnosis was established according to the criteria pro-
posed by the National Institutes of Health Registry on PPH
[9]. All patients suffered from severe pulmonary hyperten-
sion, with marked elevations of mean pulmonary arterial
pressure (60.1±16.0 mmHg) and pulmonary vascular re-
sistance (1,509±594 dynes·s·cm-5) as well as a severely
depressed cardiac index (1.6±0.4 L·min-1·m-2). The PPH
patients were compared with a control group that con-
sisted of 16 healthy volunteers, matched for age and sex.

Medication

Oral anticoagulants were replaced by s.c. heparin 2–4
weeks prior to the study and heparin was stopped 24 h
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ABSTRACT: Patients with primary pulmonary hypertension (PPH) benefit from
treatment with anticoagulants, and histological findings suggest that in situ thrombo-
sis of pulmonary vessels contributes to the pathogenesis of this disease. The mecha-
nisms that cause a hypercoagulable state in the pulmonary vascular bed have not
been fully investigated.

This study compared plasminogen plasma activity, protein C and protein S plasma
activities, fibrinogen and fibrin degradation products (FGDP and FBDP, respectively),
von Willebrand factor antigen (vWF-Ag), prothrombin fragment F1.2, thrombin–
antithrombin complexes (TAT), tissue plasminogen activator (tPA), and plasminogen
activator inhibitor (PAI) in 16 patients with PPH and in 16 healthy volunteers. In a
subset of the PPH patients, these variables were also compared in simultaneously-
obtained mixed-venous and arterial blood samples.

Proteins C and S, FGDP, FBDP, and plasminogen levels as well as plasma concen-
trations of prothrombin fragment F1.2 and TAT were normal in the 16 patients with
PPH. In contrast, the plasma activity of PAI was significantly elevated (p<0.0001).
Arterial PAI levels were considerably higher than mixed venous PAI levels (p=
0.0018), which may reflect intrapulmonary production. Furthermore, vWF-Ag levels
were significantly elevated (p<0.0001), but there was no significant difference between
mixed-venous and arterial blood.

These data, on the whole, do not suggest increased thrombin activity in patients
with primary pulmonary hypertension. However, the markedly elevated levels of plas-
minogen activator inhibitor as well as its transpulmonary gradient may provide a
clue to locally impaired fibrinolysis in the pulmonary vascular bed.
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before the blood samples were obtained. Of the 16 pa-
tients, 10 had not received any anticoagulant drug before.
All other medication was discontinued 12 h before the
study began.

Blood samples

Blood samples from the PPH patients were obtained dur-
ing a diagnostic heart catheterization. Mixed venous blood
(20 mL) was carefully aspirated into tubes containing 3.8%
sodium citrate from the distal (pulmonary arterial) open-
ing of the Swan–Ganz catheter before the patients receiv-
ed heparin. Arterial blood (20 mL) was obtained through a
femoral arterial line. Venous blood from the control group
was obtained by venepuncture. The samples were immedi-
ately cooled on ice, centrifuged at 4°C and 1,500×g for 20
min and plasma aliquots were frozen at -70°C until analy-
sis.

In preparing this study, the question of whether the
blood sampling site would affect the results of the coagu-
lation tests was assessed. Twelve patients with congestive
cardiomyopathy who underwent diagnostic right and left
heart catheterization were investigated. Similar plasma lev-
els of thrombin–antithrombin complexes (TAT), prothrombin
fragment F1.2, fibrinogen and fibrin degradation pro-
ducts (FGDP and FBDP, respectively), tissue plasminogen
activator (tPA), PAI-1, and von Willebrand factor antig-
en (vWF-Ag) were found when blood samples that were
simultaneously obtained by direct venipuncture, through a
Swan–Ganz-catheter and through an arterial line were com-
pared (unpublished data).

Plasma analysis

The plasma was analysed routinely for the prothrombin
time, the activated partial thromboplastin time, plasmino-
gen plasma activity and protein C and protein S levels
(Asserachrom® Protein C and Protein S, respectively;
Boehringer, Mannheim, Germany). Levels of vWF-Ag were
determined by immunoelectrophoresis and expressed as a
percentage of a standard value [10]. Commercially avail-
able enzyme-linked immunosorbent assays (ELISA) were
used to assess the plasma concentrations of prothrombin
fragment F1.2 (Behringwerke, Marburg, Germany), TAT
(Behringwerke), tPA (Boehringer) and FBDP and FGDP
(Organon Technika, Boxtel, The Netherlands). The PAI
activity was measured using an amidolytic assay [11] bas-
ed on the inhibition of tPA by PAI (Coatest®; KabiVitrum,
Stockholm, Sweden). The results were expressed as arbi-
trary units (AU), with 1 AU of PAI inhibiting 1 IU of tPA.
All analyses were done in duplicate. Data from PPH
patients were considered normal when they were within
the 2 SD range of the control group.

Statistical analysis

Statistical computations were performed using the Stat-
view 512 program (Brainpower, Agoura Hills, CA, USA).
Results are expressed as mean±SD. The unpaired t-test was
used for statistical analysis unless noted otherwise.

Results

Mixed-venous blood samples from all 16 patients were
analysed. The prothrombin time and the activated partial
thromboplastin time as well as the plasminogen and pro-
tein C and S plasma activities were similar in the patient
and the control group.

Levels of von Willebrand factor antigen

vWF-Ag levels were significantly elevated in the PPH
patients. The mean level was 252±58% (range 185–385%)
in the PPH group versus 97±25% (range 50–130%) in the
control group (p<0.0001; fig. 1).

Indicators of thrombin formation

The plasma concentrations of F1.2 were normal in all
PPH patients (mean 0.21±0.16 nmol·L-1, range 0.03–0.52
nmol·L-1) compared with the control group (mean 0.29±
0.17 nmol·L-1, range 0.04–0.63 nmol·L-1). In addition, there
was no detectable increase in TAT in the PPH group (mean
2.46±1.14 µg·L-1, range 0.5–4.5 µg·L-1) compared with
the control group (mean 2.84±1.2 µg·L-1, range 1.1–4.9
µg·L-1).

Indicators of fibrinolysis

The plasma concentration of FBDP was elevated in two
PPH patients (1,058 and 3,039 µg·L-1, respectively), while
the other PPH patients had normal levels (mean 309.0±
72.8 µg·L-1, range 200–420 µg·L-1; control group: mean
339±92 µg·mL-1, range 180–489 µg·mL-1). The plasma
concentrations of FGDP were also in the normal range in
all but two patients in the PPH group (mean 318.2±98.2
µg·L-1, range 200–481 µg·L-1; control group: 286±111
µg·mL-1, range 112–493 µg·mL-1). In the two patients with
elevated concentrations of FGDP, the levels were only
slightly increased, to 658 and 940 µg·L-1, respectively.
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Fig. 1.  –  Levels of von Willebrand factor antigen (vWF-Ag) as a per-
centage of a standard value [10] in venous blood from 16 controls and
16 patients with primary pulmonary hypertension (PPH). The mean
(±SD) values are also shown (❍).         : indicates the upper normal limit.
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The plasma concentration of tPA was marginally, but non-
significantly (p=0.12) elevated in the PPH group (mean
11.5±4.1 ng·mL-1, range 4.9–17.0 ng·mL-1) compared with
the control group (mean 7.8±1.8 ng·mL-1, range 5.0–11.3
ng·mL-1). The PAI activity (fig. 2) was significantly in-
creased in PPH patients to 27.4±7.8 AU·mL-1 (range 13.9–
43.7 AU·mL-1, p<0.0001 versus control group 9.2±2.9
AU·mL-1, range 5.4–15.1 AU·mL-1).

Comparison of mixed-venous and arterial blood samples

After the first interim analysis of the data, it was specu-
lated that the elevated PAI levels might originate from in-
creased PAI production in the pulmonary vascular bed. To
address this question further, mixed-venous and arterial
blood were simultaneously obtained from six patients.
There were no remarkable differences in vWF-Ag, FBDP,
FGDP, F1.2, TAT or tPA levels between mixed-venous and
arterial blood. In contrast, PAI activity (fig. 3) was consid-
erably higher in arterial than in mixed-venous blood sam-
ples (44.7±7.22 AU·mL-1 versus 30.95±3.48 AU·mL-1; p=
0.0018, paired t-test).

Discussion

Previous studies have found evidence of increased throm-
bin activity and decreased fibrinolysis in PPH [5–8]. EISEN-
BERG et al. [8] reported elevated plasma levels of fibrinopep-
tide A in 19 of 27 patients with PPH. Fibrino-peptide A is
a cleavage product of fibrinogen, formed by the action of
thrombin, and thus, may serve as an indica-tor of
thrombin activity. In the present study, however, the nor-
mal plasma concentrations of F1.2 and TAT suggest that
increased thrombin formation is not commonly pre-sent in
PPH. Free thrombin, in plasma, is practically undetectable
by the techniques currently available because of its short
half-life [12]. Therefore, the clinical assessment of intra-
vascular thrombin production relies on indirect ap-
proaches. Both TAT and prothrombin fragment F1.2 relia-
bly reflect thrombin formation [12, 13] and seem to be
less susceptible than fibrinopeptide A to manipulation, as
reflected by the normal results in all patients in this study.
In a recently published report from the Pulmonary Hyper-
tension Center in Denver (CO, USA), F1.2 and TAT were
also normal in patients with PPH or secondary pulmonary
hypertension [5].

Impaired fibrinolysis has been repeatedly reported in
patients with PPH [5–7]. In view of the essentially normal
plasma levels of plasminogen and tPA, the finding that the
PAI activity was significantly increased in the PPH group
may provide an explanation for the impaired fibrinolysis
in PPH. It is not clear, however, whether the increased PAI
activity reflects increased PAI formation in the pulmonary
vessels. Based on immunological assays, at least four dif-
ferent peptides that exert PAI activity can be identified
[14]. Of these, most of the plasma PAI activity is attri-
buted to PAI-1 (formerly called endothelial cell-type PAI).
PAI-1 can be synthesized by endothelial cells, platelets and
hepatocytes [15]. The finding that PAI activity was sig-
nificantly higher in arterial than in mixed-venous blood
supports the assumption that the increased PAI activity re-
flects increased production of PAI-1 in the pulmonary vas-
cular bed.

The interpretation of increased vWF-Ag levels in PPH
is equally hampered by confounding factors. vWF-Ag is
stored in platelets, megakaryocytes and endothelial cells
and is released during various forms of vascular injury as
well as during the coagulation process, platelet activation,
or inflammation [16]. It is likely that the increased release
of vWF-Ag in PPH occurs in the pulmonary vascular bed,
which is exposed to high shear stress and inflammation;
however, in the present study, vWF-Ag concentrations were
no different between arterial and mixed-venous blood. It
is not known whether increased plasma concentrations of
vWF-Ag have any pathophysiological consequences. For
theoretical reasons, high levels of circulating vWF-Ag could
lead to intravascular activation of platelets via glycopro-
tein Ib/IX receptors. In support of this hypothesis, GEGGEL

et al. [17] described increased plasma ristocetin cofactor
activity in patients with PPH, which indicates an increased
ability of vWF-Ag to aggregate platelets. In the study by
GEGGEL et al. [17], however, vWF-Ag levels were essen-
tially normal in the six PPH patients investigated.

A potential limitation for the interpretation of the data
is the fact that samples from PPH patients and controls
were obtained differently. Mixed-venous blood from PPH
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Fig. 2.  –  Plasminogen activator inhibitor (PAI) activity in venous blood
from 16 controls and 16 patients with primary pulmonary hypertension
(PPH). The mean (±SD) values are also shown (❍).       : indicates the
upper normal limit. AU: arbitrary units.
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tients with primary pulmonary hypertension. AU: arbitrary units.
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patients was obtained through a right heart catheter, where-
as peripheral blood from controls was obtained through
venepuncture. However, as noted in the Methods section,
prior to this study, a comparison was made of the impact
of the blood sampling technique on the coagulation param-
eters evaluated here and no differences were found bet-
ween the two techniques.

In conclusion, the normal plasma levels of prothrombin
fragment F1.2 and thrombin–antithrombin complexes found
in the patients with primary pulmonary hypertension argue
against increased thrombin formation. The increased plas-
minogen activator inhibitor activity may account, at least
partly, for the impaired fibrinolytic activity that has been
described previously.
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