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ABSTRACT
Objective. To analyse the relationship 
between an automated thrombin genera-
tion test, the endogenous thrombin poten-
tial (ETP), and other hypercoagulability 
markers, with vascular involvement in 
patients with Behçet’s disease (BD).
Patients and methods. We analysed 56 
BD patients (30 men; mean age, 34.4 ± 
14.3 years) without any known thrombo-
philic factor, of which 17 had previously 
suffered from thrombosis (deep venous 
thrombosis in 14 and ischaemic stroke 
in 3), and 56 controls matched for age 
and sex. Additionally, we also evaluated 
20 plasma samples with an interna-
tional normalised ratio (INR) between 
1.5 and 5.0 obtained from patients with 
atrial fibrillation but without a history 
of embolic events that were under treat-
ment with acenocumarol. Thrombin 
generation was measured as ETP with 
a chromogenic assay in an automated 
analyser. Factor VIII, von Willebrand 
factor antigen, prothrombin fragment 
1.2, D-dimer and plasmin-antiplasmin 
complexes were also measured. 
Results. BD patients showed higher 
ETP values than controls (471.3± 49.3 
vs. 427.5± 31.3 mA; p<0.001). Addi-
tionally, BD patients with a history of 
thrombosis had higher ETP values than 
patients without thrombosis (496.6± 
36.5 vs. 460.7± 50.5 mA; p<0.01). 
Factor VIII and von Willebrand factor 
antigen were also elevated in BD pa-
tients, but only von Willebrand factor 
antigen showed statistically significant 
differences between BD patients with 
and without thrombosis. Acenocumarol 
treatment reduced thrombin generation 
in BD patients in parallel to INR levels, 
reaching values similar to those of pa-
tients with atrial fibrillation and similar 
INR. 
Conclusions. BD is associated with 
thrombosis, and increased thrombin 
generation (measured as ETP) is a 
promising marker of hypercoagulability. 

Introduction
Behçet’s disease (BD), originally rec-
ognised by three-symptoms (uveitis, 
recurrent oral aphtae and genital ul-
cerations), is currently classified as 
a variable vessel vasculitis involving 
both venous and arterial vessels (1, 2). 
In fact, thrombosis in BD is common 
and venous involvement is much more 
frequent than arterial with a prevalence 
ranging from 14% to 39% (3). 
Although the etiopathogenesis of vas-
culo-Behçet is poorly understood, there 
is evidence of activation of the haemo-
static system with increase of proco-
agulant markers of thrombosis (4, 5) as 
well as defective fibrinolysis (6). 
There is no consensus on the long-
term treatment of thrombosis in BD. 
Recommendation from the European 
League Against Rheumatism (EULAR) 
advises the use of corticosteroids and 
immunosuppressive agents such as aza-
thioprine, cyclophosphamide or ciclo-
sporine A. Conversely, anticoagulants, 
antiplatelet or antifibrinolytic agents 
are not recommended (7). Furthermore, 
a recent study demonstrated that im-
munosuppressive agents significantly 
reduced venous thrombosis relapse in 
BD (8). 
Therefore, it would be of interest to 
know if BD patients have a hyperco-
agulable state. Thrombin generation is 
considered to be a sensitive and reli-
able marker of hypercoagulability and 
of bleeding tendency (9). Endogenous 
thrombin potential (ETP) measures the 
overall tendency of a plasma sample to 
form thrombin after initiation of coagu-
lation. High thrombin generation meas-
ured as ETP suggests the presence of a 
hypercoagulable state (10). 
The objective of this study was to ana-
lyse the relationship between the ETP, 
an automated thrombin generation test, 
and other hypercoagulability mark-
ers, with vascular involvement in BD       
patients.
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Patients and methods 
Patients
We performed a prospective study that 
included 56 BD patients (30 men and 
26 women; mean age, 34.4; standard 
deviation [SD], 14.3 years), without 
any thrombophilic factor including pro-
tein C, protein S or antithrombin defi-
ciencies, factor V Leiden, prothrombin 
G20210A polymorphism or antiphos-
pholipid antibodies (lupus anticoagu-
lant, IgG and IgM anticardiolipin an-
tibodies and IgG and IgM anti beta2 
glycoprotein I antibodies). A total of 
17 of these patients had previously pre-
sented episodes of thrombosis (deep 
venous thrombosis in 14 and ischaemic 
stroke in 3). Thrombotic episodes were 
assessed by objective methods. Diag-
nosis of deep venous thrombosis was 
confirmed by Doppler ultrasonographic 
scans or by venography. Pulmonary em-
bolism was diagnosed by ventilation/
perfusion scanning or by pulmonary an-
giography. Cerebrovascular ischaemic 
episodes were confirmed by computed 
tomography scanning or by magnetic 
resonance imaging techniques. 
Patients were recruited in the outpatient 
clinic of the Department of Autoim-
mune Diseases of a tertiary university 
hospital. All patients fulfilled three or 
more of the International Study Group 
criteria for the diagnosis of BD (11). 
Of note, inclusion criteria were inac-
tive BD in accordance to Behçet’s 
Syndrome Activity Score (BSAS) (12). 
After informed consent, demographic 
and clinical data, with particular atten-
tion to prior development of thrombosis 
(arterial or venous), were collected. The 
main cumulative clinical characteristics 
of these patients are reflected in Table I. 
Regarding the treatment, glucocorti-
coids at variable doses were prescribed 
in the majority of patients (83%), fol-
lowed by colchicine (74%), cyclo-
sporine (54%), azathioprine (17%), in-
travenous pulses of cyclophosphamide 
(13%), and methotrexate (4%), respec-
tively.
A sex- and age-matched control group 
of 56 volunteer healthy subjects (30 
men and 26 women; mean age, 34.9 
years; SD, 14.1 years), without previ-
ous history of thrombotic events, was 
also recruited. None of the control sub-

jects reported taking oral contraceptives 
or other medication known to interfere 
with blood coagulation (13). Another 
control group was also included consist-
ing of 20 plasma samples with an inter-
national normalised ratio (INR) between 
1.5 and 5.0 obtained from patients with 
atrial fibrillation but without previous 
history of embolic events that were un-
der treatment with acenocumarol.

Blood collection and plasma 
preparation
Venous blood samples were drawn from 
a clean antecubital venipuncture with-
out venocclusion, in the morning, with 
the patient sitting and resting. Samples 
for coagulation and fibrinolysis studies 
were obtained in tubes containing 3.2% 
trisodium citrate (1:9, vol:vol) (Becton 
Dickinson, Rutherford, NJ, USA) and 
platelet-free plasma was immediately 
obtained by double centrifugation: first 
at 2,000 g for 10 min. at 22°C, and then 
at 5,000 g for 10 min. at 4°C. Plasma 
was aliquoted and stored at -40ºC. For 
genotype studies, samples were drawn 
in trisodium EDTA tubes (Becton 
Dickinson). Sera for biochemistry and 
for autoantibodies studies were drawn 
in tubes containing no anticoagulants 
(Becton Dickinson). 
The 12 BD patients with previous 
thrombosis that received antivitamin K 

therapy were asked to stop antivitamin 
K therapy for two weeks to perform 
routine thrombophilia study. They re-
ceived instead thromboprophylactic 
dose of low molecular weight heparin 
until 48h before blood sampling. In 
these patients, an additional sample was 
obtained during antivitamin K treat-
ment.

Laboratory studies
– General
Prothrombin and activated partial 
thromboplastin time were determined in 
an automated analyser (BCS-XPTM; Sie-
mens, Marburg, Germany) using stand-
ard reagents (Siemens). Fibrinogen was 
measured by the Clauss’ technique. 

Thrombophilia and 
hypercoagulability parameters
Protein C and antithrombin activi-
ties were quantified by chromogenic 
assays using standard commercially 
available reagents, free and total pro-
tein S by ELISA, and factor V Leiden 
and prothrombin G20210A by PCR. 
Factor VIII was quantified by a chro-
mogenic assay, von Willebrand factor 
antigen, prothrombin fragment 1.2 and 
plasmin-antiplasmin complexes were 
measured by ELISA, and D-dimer was 
determined by a turbidimetric method.
Lupus anticoagulant was detected fol-

Table I. Cumulative clinical manifestations of patients with Behçet’s disease.
 
 n (%)

Mouth ulcers 56 (100)
Genital ulcers 38 (68)
Cutaneous involvement 39 (70) 
   Erythema nodosum 16 (42) 
   Pseudofolliculitis 13 (34) 
Eye involvement 32 (57)  
   Anterior uveitis 19 (34) 
   Retinal vasculitis 8 (14) 
   Posterior uveitis 9 (16)
Fever 19 (34)
Thrombotic events 17 (30)
   Deep venous thrombosis – Pulmonary embolism  14 (25)     
   Ischaemic stroke 3 (5) 
Neurologic manifestations 6 (11)
   Central nervous system involvement 4 (9)
   Peripheral nervous system involvement 2 (4) 
Arterial involvement* 3 (5)   
   Artery aneurysm 1 (2)
   Pseudoaneurysm 2 (4) 
Gastro-intestinal involvement 3 (5)

*In BD, involvement of the vessel wall leads to formation of true aneurysms, or through disruption and 
haemorrhagic dissection of the layers results in the formation of false aneurysms or pseudoaneurysms.
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lowing the last update of the guidelines 
of the Subcommittee for the Standardi-
sation of Lupus Anticoagulants of the 
International Society of Thrombosis 
and Haemostasis (14). IgG and IgM 
anticardiolipin antibodies and IgG and 
IgM anti-beta-2-glycoprotein I anti-
bodies were measured using standard-
ised ELISA.

Studies of thrombin generation 
Thrombin generation was continuously 
monitored in plasma using an automat-
ed analyser (BCS-XPTM) by a chromog-
enic method as described by the manu-
facturer (ETP testTM; Siemens). In brief, 
108 μl platelet poor plasma (PPP) is 
mixed with 40 μl of ETP reagent, con-
taining a chromogenic substrate (H-β-
Ala-Gly-Arg-pNA), and 89 μl buffer 
(Tris-HCl buffer, 50 mM, pH 7.4). 
Thrombin generation is activated in 
PPP by 15 μl diluted recombinant tissue 

factor (InnovinTM, Siemens) and 8 μl of 
a 250 mM CaCl2 solution. Conversion 
of the chromogenic substrate was meas-
ured continuously over 20 min using a 
405 nm filter.  Substrate cleavage by 
the α2-macroglobulin-thrombin com-
plex is automatically subtracted from 
the curve with the appropriate software 
(Siemens). In the assay, standard was 
lyophilised normal human plasma cali-
brated by the manufacturer. ETP was 
obtained in optical mA as the area un-
der the thrombin formation curve. The 
coefficients of variation intra-and inte-
rassay for the ETP were less than 7%, 
(6.2% and 6.9%, respectively).

Statistical analysis 
Results are shown as mean ± standard 
deviation (SD). Comparisons were per-
formed by χ2 test or analysis of vari-
ance (ANOVA). Data were analysed 
with the SPSS version 18.0. 

Results
The haemostatic parameters detected 
in BD patients and controls are shown 
in Table II, while those observed in BD 
patients with and without thrombosis 
are presented in Table III. Factor VIII 
and von Willebrand factor antigen lev-
els were both elevated in BD patients 
(p<0.01), but only von Willebrand fac-
tor antigen levels showed statistically 
significant differences between BD 
patients with and without thrombosis 
(Tables II and III). 
Regarding prothrombin fragment 1.2 
and plasmin-antiplasmin complexes 
levels, they were increased in BD pa-
tients in comparison with controls (Ta-
ble II). Furthermore, prothrombin frag-
ment 1.2 but not plasmin-antiplasmin 
complexes levels were higher in BD pa-
tients with previous thrombotic events 
(Table III). D-dimer levels did not show 
differences between BD patients and 
controls nor between BD patients with 
or without thrombosis (Tables II and 
III). The lupus anticoagulant was posi-
tive in 2 BD patients (3.6%), none of 
whom had thrombotic events. No one 
in the control group had antiphospho-
lipid antibodies.
Patients with BD had higher ETP 
levels than controls (471.3±49.3 vs. 
427.5±31.3 mA; p<0.001) (Fig. 1) 
in samples obtained after two weeks 
without antivitamin K therapy indi-
cating an increased hypercoagulabil-
ity. Furthermore, BD patients with a 
history of thrombosis had higher ETP 
levels than BD patients without throm-
bosis (496.6±36.5 vs. 460.7±50.5 mA; 
p<0.01) (Fig. 2).
We examined the effect of acenocu-
marol on the ETP levels in BD patients 
and in 20 samples from patients with 
atrial fibrillation but without previous 
embolism treated with this anticoagu-
lant. Acenocumarol treatment reduced 
the ETP levels of BD patients in paral-
lel to the INR (r=0.86, log-log regres-
sion), yielding values   similar to those 
of patients with atrial fibrillation and 
similar INR (Fig. 3).

Discussion
In the present study, we have confirmed 
that patients with inactive BD have an 
increased thrombin generation meas-

Table II. Haemostatic parameters in patients with Behçet’s disease and in controls.
 
 Behçet’s disease  Controls
 (n=56) (n=56)
 
Protein C (%) 103 ± 23 101 ± 19
Antithrombin (%) 98 ± 17 101 ± 22
Free protein S (%) 97 ± 15 98 ± 17
Total protein S (%) 100 ± 21 99 ± 19
Factor V Leiden homocygous wild type (%) 56 (100%) 56 (100%)
Prothrombin G20210A homocygous wild type (%) 56 (100%) 56 (100%)
Factor VIII (U/dL) 116 ± 19* 97 ± 16
Von Willebrand factor antigen (U/dL) 114 ± 17* 98 ± 18
Prothrombin fragment 1.2 (nmol/L) 1.8 ± 1.2* 0.9 ± 0.3
Plasmin/alpha-2-antiplasmin complexes (μg/L) 347 ± 251* 224 ± 103
D-dimer (μg/mL) 0.2 ± 0.1 0.2 ± 0.1

*p<0.01 vs. controls. 
Results expressed as mean ± SD. In genotypes results are in absolute numbers and proportions.

Table III. Haemostatic parameters in patients with Behçet’s diseases with or without 
thrombosis.

 BD patients BD patients
 with thrombosis without thrombosis
 (n=17) (n=39)

Protein C (%) 110 ± 16 100 ± 25
Antithrombin (%) 96 ± 15 99 ± 18
Free protein S (%) 95 ± 17 98 ± 14
Total protein S (%) 95 ± 29 102 ± 16
Factor V Leiden homocygous wild type (%) 17 (100%) 39 (100%)
Prothrombin 20210A homocygous wild type (%) 17 (100%) 39 (100%)
Factor VIII (U/dL) 120 ± 26 114 ± 15
Von Willebrand factor antigen (U/dL) 123 ± 13* 110 ± 17
Prothrombin fragment 1.2 (nmol/L) 2.5 ± 1.3* 1.5 ± 1.0
Plasmin/alpha-2-antiplasmin complexes (μg/L) 413 ± 278 318 ± 236
D-dimer (μg/mL) 0.2 ± 0.1 0.2 ± 0.1

*p<0.01 vs. patients with Behçet’s disease without thrombosis. 
Results expressed as mean ± SD. In genotypes results are in absolute numbers and proportions.
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ured by the ETP test. This increase is 
more important in patients with previ-
ous thrombosis. In addition, the use of 
acenocumarol reduced the ETP levels of 
BD patients in parallel to the INR lev-
els, similarly to those of patients with 
atrial fibrillation and equivalent INR. 
Thrombin generation is a global coagu-
lation assay that indicates the final bal-
ance between different prothrombotic 
and antithrombotic factors present in 
plasma. It is globally accepted that in-
creased thrombin generation indicates 
a hypercoagulable state. Although no 

prospective studies on Behçet disease 
and thrombin generation have been 
made, several prospective studies in 
other groups of thrombotic patients 
have demonstrated that high thrombin 
generation is associated with the risk of 
first and recurrent thrombosis (15-17). 
Based on the conclusions of these stud-
ies, we can hypothesise that BD pa-
tients with higher thrombin generation 
potential would have a hypercoagula-
ble state, and probably a higher risk of 
thrombosis.  
This is of paramount importance be-

cause the treatment of thrombotic com-
plications in BD patients is controver-
sial (7, 18). For some authors, since the 
pathogenic substrate would be endothe-
lial inflammation and the thrombotic 
process would be a secondary event, 
the treatment should be based only on 
immunosuppressant agents (7). For 
other authors, this regimen should also 
include anticoagulant treatment (18). 
Moreover, the optimal duration of the 
latter is completely unknown (8). The 
current work has been performed in pa-
tients who suffered thrombosis several 
years ago, yet maintained an increased 
thrombin generation. Therefore, if 
confirmed in prospective studies, this 
technique can be a method to monitor 
hypercoagulability in these patients and 
help to decide whether or not to extend 
the anticoagulant treatment. 
In the field of systemic vasculitis, ETP 
has been used to demonstrate a high 
thrombin generation in patients with 
antineutrophil cytoplasmic antibodies 
associated vasculitis (AAV) in remis-
sion (19). Similarly to BD patients, 
AAV patients have an increased inci-
dence rate of venous thrombosis. 
Another important point is the fact that 
factor VIII and von Willebrand factor 
antigen levels were both elevated in BD 
patients compared to healthy controls 
and that von Willebrand factor antigen 
levels were higher in BD patients than 
those without. This data may suggest 
persistent endothelial dysfunction in 
BD patients, even when they are inac-
tive. Future studies should analyse the 
relationship between immune-inflam-
matory response and the coagulation 
system (20) in order to decide the best 
treatment (immunosuppressant agents, 
antithrombotic therapy or both) in se-
lected BD patients. 
The most prominent shortcomings of 
the present study are its sample size 
and the low number of BD patients 
with thrombotic manifestations. In ad-
dition, there was no control data of BD 
patients in active phase of the disease.
In spite of these limitations, the results 
of the present study showed that ETP 
test could be a useful a marker of hy-
percoagulability in BD patients and, 
therefore, provide important informa-
tion when deciding the treatment.  

Fig. 1. Endogenous throm-
bin potential levels in patients 
with Behçet’s disease and in 
controls.
ETP: Endogenous thrombin 
potential; BD: Behçet’s disease

Fig. 2. Endogenous throm-
bin potential in patients with 
Behçet’s disease with and 
without prior thrombosis.
ETP: Endogenous thrombin 
potential; BD: Behçet’s disease

Fig. 3. ETP levels under 
acenocumarol treatment: pa-
tients with atrial fibrillation 
(solid circles, n=20) and pa-
tients with Behçet’s disease 
(open circles, n=12).
ETP: Endogenous thrombin 
potential; BD: Behçet’s dis-
ease; INR: international nor-
malised ratio
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