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ABSTRACT

Background and Objectives

von Willebrand’s disease (VWD) is the most common hereditary bleeding disorder. Its
severity can be classified on the basis of von Willebrand factor (VWF) and factor VIl
(FVIII) plasma levels and according to the clinical relevance of bleeding episodes.
However, patients with very low VWF activity may exhibit a mild bleeding tendency. The
basis for this heterogeneous clinical expression of the deficit is still poorly under-
stood. We investigated the relationship between thrombin generation and levels of
factor VIII, VWF and clinical bleeding tendency.

Design and Methods

Thrombin generation was measured in platelet-rich (PRP) and platelet-poor plasma
(PPP) from 53 patients with VWD.

Results

We observed a statistically significant higher risk of bleeding in patients with a low
thrombin peak in PRP (OR=14.5; 95% Cl=5-41.3). Similar results were found in PPP
(OR=8.71; 95% Cl=3.4-22.3). Two parameters of the thrombin generation curve,
peak height and thrombin generation speed (slope), correlated significantly with
VWF:RCo and FVIII levels both in PPP and in PRR Regression analysis showed that
thrombin generation was mainly dependent on plasma FVIII activity.

Interpretation and Conclusions

Our results suggest that the thrombin generation test, in combination with routine FVIII
and VWF measurements, could be of interest in the assessment of the individual
bleeding risk in patients with VWD.

Key words: von Willebrand’s disease, factor VllI, thrombin generation assay, bleeding
phenotype, von Willebrand factor.
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n Willebrand factor (VWE) is a plasma

'\ / protein that plays a critical role in
platelet adhesion to the subendotheli-

um and is also required to maintain the plasma
level of factor VIII (FVIII). VWF circulates in
plasma as an array of molecules ranging from
small dimers to high-molecular-weight
(HMW) multimers. von Willebrand’s disease
(VWD), the most common hereditary bleed-
ing disorder, is due to a shortage of functional
VWE VWD is highly heterogeneous.
According to the recent classification, type 1 is
defined as a partial quantitative deficiency of
VWF and type 3 as a complete quantitative
deficiency. Type 2 comprises various qualita-

tive abnormalities of VWE In types 2A and 2B
there is a deficit of HMW multimers, with, in
type 2B, an increased affinity for platelet GPIb.
Type 2M corresponds to the variants with
decreased platelet function but with normal
multimers. Type 2N refers to variants with a
decreased affinity of VWF for FVIIL' The clin-
ical expression of VWD is as variable as its
pathogenesis. Type 1 VWD is usually mild
whereas types 2 and 3 are more severe.
Mucocutaneous bleeding (epistaxis, men-
orrhagia) is typical of the disease. The sever-
ity of the clinical manifestation is not
always correlated with the degree of reduc-
tion of VWE:RCo, or with the genetic type,
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because it can be very different within the same family.
Indeed, bleeding may be absent even in type 3 VWD
patients and prophylaxis may be required in some type
1 VWD patients.”® The thrombin generation test (TGT)
is a global assay of hemostasis, whose results reflect the
overall functional state of the clotting system. It renders
the thrombin generation curve (TGC) that has several
parameters, the most important of which are the lag-
time, the peak, the ascending slope and the area under
the curve (endogenous thrombin potential, ETP) (Figure
1). Al Dieri et al.* showed a correlation between the
parameters of the TGT and clinical expression of disease
in patients with congenital deficiencies of factors II, V, X
and XI. Chantarangkul er al° showed a significant corre-
lation between ETP and log-transformed FVIII in a limit-
ed series of patients with hemophilia A.

Recently, our group showed a significant correlation
between plasma FVIII/FIX levels and ETP, peak and time to
peak. In addition, independently of the FVIII/FIX plasma
level, a correlation was found between severe clinical
bleeding phenotype and ETP.° We, therefore, surmised
that, although the deficient factor may be rate-limiting in
the thrombin generating system, the actual amount of
thrombin formed — and therefore the clinical manifestation
— could be dependent upon the spectrum of the other clot-
ting factors. We, therefore, investigated whether the meas-
urement of thrombin-generating capacity could contribute
to the understanding of the heterogeneity of the clinical
expression of VWD.

The aim of the present study was to assess the potential
role of the TGT in the diagnosis and management of
patients presenting with VWF deficiency and to determine
whether the TGT, in combination with routine coagulation
tests, could be used as an indicator of bleeding phenotype.
To this end we measured thrombin generation in platelet-
rich and platelet-poor plasma from 53 patients with VWD.

Design and Methods

Patients

Fifty-six consecutive patients with VWD (mean
agetSD=35.4+15.4 years old) visiting the Lyon
Comprehensive Hemophilia Care Center from January
2005 to October 2006 were included in the study. The insti-
tutional review board approved the study and each patient
provided informed consent. Two patients with plasma lev-
els of VWF corrected by infection and another with associ-
ated FXI deficiency were excluded. There were 17 males
and 36 females; 28 patients had O blood group and 25
other blood groups. VWD was diagnosed and classified
according to the clinical and biological criteria recently pub-
lished by the ISTH Working party on VWD."” According to
these criteria, there were 28 patients with VWD type 1. Of
these 28 patients, 27 had normal multimers and one patient
who did not undergo multimeric analysis, had a
VWE:-RCo/VWE:Ag ratio above 0.7. Two patients had type
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3 VWD without multimers. Finally, 23 patients had quali-
tative defects of VWE Among these patients, nine were
diagnosed as having VWD type 2A, because they had sig-
nificantly decreased HMW multimers. Eigtht patients were
diagnosed as having VWD type 2B, because they had
abnormal ristocetin-induced platelet agglutination (RIPA)
with hyperresponssiveness to low concentrations of risto-
cetin (0.6 mg/ml) associated with an abnormal multimer-
ic profile. Two patients had VWD type 2N with a marked-
ly reduced capacity of binding for FVIII. Three patients had
a combined VWD type 2A+2N, characterized by a reduced
binding capacity to FVIII associated with decreased HMW
multimers. Finally, one patient was diagnosed as having
VWD type 2M with a VWE:RCo/VWEF:Ag ratio < 0.4 and
normal multimers. The phenotypic data of the patients are
summarized in Table 1. A quantitative bleeding score
recently published for use in type 1 VWD was used to
assess the severity of bleeding in each patient.” The control
group comprised 100 healthy volunteer blood donors
between 29 and 53 years of age (mean + SD=42.7+12 year
old). There were 56 males and 44 females without a per-
sonal history of abnormal bleeding and who were not
using drugs known to affect the coagulation system.
Among the control group, 49 individuals had O blood
group, 50 had other blood groups, and the blood type could
not be determined in one control subject. We also studied
21 adult patients with mild hemophilia A who had plasma
FVIII concentrations between 9-44 IU/dL.

Blood, platelet-poor plasma and platelet-rich plasma
Peripheral venous blood was collected into Vacutainer
tubes (Becton Dickinson, Meylan, France) containing 0.129
mol/L trisodium citrate (1:9, v:v). Following a double cen-
trifugation at 2500xg for 15 min at room temperature,
platelet-poor plasma (PPP) was collected from the upper
half of the plasma supernatant, quick frozen and stored at
-80°C. An ADVIA 120 counter (Bayer Diagnostics, NY,
USA) was used to check that the PPP did not contain
platelets or leukocytes. Platelet-rich plasma (PRP) was



obtained by centrifugation at 150xg for 10 minutes at room
temperature, with collection from the upper half of the PRP
fraction. The platelet count was systematically adjusted to
150x10°/L with autologous plasma. PPP and PRP were
always prepared within 30 min after venipuncture and
thrombin generation was immediately measured in fresh
PRP. In order to minimize contact activation, polypropy-
lene tubes and pipette tips were used throughout.

Phenotypic and coagulation studies

Routine diagnostic tests were carried out on PPP stored
at -80°C. Plasma FVIII coagulant activity (FVIIL:C) (nor-
mal range = 50-150 IU/dL) was measured by a one-stage
clotting assay using a Biomérieux-deficient FVIII kit
(Biomérieux, Marcy I'Etoile, France) on an MDA Il instru-
ment (Biomérieux). VWE:RCo (normal range = 50-150
IU/dL for patients with non O blood group and 40-150
[U/dL for those with O blood group) and VWF antigen
(normal range = 50-150 IU/dL) were measured using BC
VWEF and VWEF AG reagents, respectively (Dade Behring,
Marburg, Germany) in a BCS Coagulation Analyzer
(Dade Behring). Collagen binding capacity (VWE:CB)
was measured using the enzyme-linked immunosorbent
assay (ELISA) method previously described by Favoloro
et al” RIPA was measured by mixing, in an aggregometer
(Chronolog Corporation, Kordia Life Science, The
Netherlands), different concentrations of ristocetin
(Diagnostica Stago, France) and PRP of patients.
Aggregation at <0.6 mg/mL was one of the diagnosis cri-
teria for VWD type 2B. The multimeric structure of plas-
ma VWEF was analyzed by electrophoresis with 0.1%
sodium dodecyl sulfate and 1.5% agarose gel.” The
capacity of plasma VWF to bind FVIII (VWE:FVIIIB) was
measured as described previously by Caron et al
Plasma fibrinogen, prothrombin and antithrombin levels
were systematically measured in all patients.
Prothrombin was measured using a one-stage assay with
a deficient plasma kit (STA deficient 1I, Diagnostica
Stago) (normal range = 50-150 IU/dL). Antithrombin
activity was determined using a commercial Biophen
Antithrombin 5 kit (Hyphen Biomed, Andrésy, France)
(normal range=80-120 [U/dL). Plasma fibrinogen concen-
tration was measured using a Fibriquick kit (Biomérieux)
based on Clauss’s method (normal range=1.8-4 g/L).
Plasma EXI activity was determined using a deficient
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plasma kit (Dade Behring) (normal range = 40-120
[U/dL).

Reagents for the thrombin generation test

Recombinant human tissue factor (Innovin®) was
obtained from Dade Behring and used at a final concen-
tration of 0.5 pM in PRP and 1 pM in PPP samples. Tissue
factor concentration was determined using the
Actichrome® TF activity assay (American Diagnostica
Inc., Greenwich, CT, USA). The phospholipid vesicles
used at a final concentration of 4 pM, were obtained
from Avanti Polar Lipids (Alabaster, Alabama, USA) and
consisted of 20 mol% phosphatidylserine (PS), 20 mol%
phosphatidylethanolamine (PE) and 60 mol% phos-
phatidylcholine (PC) and were prepared by the extrusion
method.””® Hepes-buffered saline contained 20 mM
Hepes (Sigma Aldrich, I'lle d’Abeau Chesnes, France),
140 mM NaCl and 5 mg/mL bovine serum albumin (BSA)
(Euromedex, Souffelweyersheim, France), pH 7.35. This
buffer was stored at -20°C until use. A fresh mixture of
fluorogenic substrate and CaCl: was prepared before
each experiment. Fluorogenic substrate, Z-Gly-Gly-Arg-
AMC, was obtained from Bachem (Bubendorf,
Switzerland). The mixture of fluorogenic substrate 2.5
mM and CaCl 0.1 M was prepared using a buffer con-
taining Hepes 20 mM and 60 mg/mL BSA, pH 7.35. The
calibrator with the activity of 600 nM human thrombin
was obtained from Thrombinoscope BV (Maastricht,
The Netherlands). Transparent, round-bottomed Greiner
microtiter plates (Greiner ref 65204, Poitiers, France)
were used. VWF concentrate was obtained from LFB
(Willfactin®, LFB, Courtaboeuf, France) and recombinant
FVIII concentrate (Helixate®) was obtained from ZLB
Behring (Marburg, Germany).

Calibrated automated measurement of thrombin
generation

Thrombin generation was measured according to the
method described by Hembker ez al."* The essential feature
of this method is that calibration is done in a parallel
sample of the same plasma as that under investigation,
thus avoiding errors due to plasma color, substrate con-
sumption, etc. A Fluoroscan Ascent® fluorometer
(Thermolab systems OY, Helsinki, Finland) was used,
equipped with a dispenser. Fluorescence intensity was

Table 1. VWF and FVIIl measurements of the investigated patients (meantSD).

Patients VWF:RCo VWF:Ag Ratio VWF:CB Ratio Fii:c Ratio
(IUydL) (IUydL) VWF:RCo/VWF:Ag (IUydL) VWF:CB/ VWF:Ag (IUydL) FVIll/ VWF:RCo

VWD (n=53) 23.3£13.2 37+20 0.7+0.3 27.2£17.2 0.7+02 50.5+24.4 2.6+1.6

VWD type 1 (n=28) 26.5£12.5 36.3+16.8 0.8+0.2 27.1+14.6 0.7£03 56.1£22.6 2.3+0.9

VWD type 3 (n=2) 0 0 0 0 0 4.3+5 0

VWD type 2A (n=9) 14.8+1.7 36.2+18.6 0.5+0.2 13+4.6 05+02 57.3+24.7 45+2.5

VWD type 2B (n=8) 25.6£12.8 44.6+20.8 0.6+0.3 245£12.3 05+02 59.4£17.9 2.5+0.8

VWD type 2N (n=2) 42+7.1 52.5+6.4 0.8+0 445+3.5 08+0 1742.8 0.4+0.1

VWD type 2M (n=1) 32 87 0.4 90 1 100 31

VWD type 2A+2N (n=3) 13.3+3.5 34.7+385 0.7+0.4 1147 05+03 137 0.9+0.3
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detected at wavelengths of 390 nm (excitation filter) and
460 nm (emission filter). Briefly, 80 uL of PPP or PRP are
dispensed into the wells of round-bottomed 96-well
microtiter plates. Next, 20 uL of a mixture containing tis-
sue factor and phospholipids are added to the PPP sam-
ples and 20 uL of tissue factor added to the PRP samples.
The starting reagent (20 UL per well) contains fluorogenic
substrate and CaCl. A dedicated software program,
Thrombinoscope® version 3.0.0.26 (Thrombinoscope BV,
Maastricht, The Netherlands) enabled the calculation of
thrombin activity against the calibrator (Thrombinoscope
BV, Maastricht, The Netherlands) and displayed thrombin
activity against time. All tests were carried out in duplicate
and the measurements usually lasted 90 minutes.

The most important parameters that can be derived from
calibrated automated measurement of thrombin genera-
tion (CAT) are the lag time, endogenous thrombin poten-
tial (corresponding to the area under the CAT curve), peak
height of thrombin (corresponding to the maximal amount
of thrombin that can be generated by the plasma sample
during the thrombin burst) and time to peak (representing
the time course of the thrombin generation curve up to the
formation of maximal thrombin peak height). It depends
upon the lag time and the slope of the thrombin generation
curve. In this study, we precisely calculated the slope of the
thrombin generation curve, representing the speed of
thrombin generation, using the following formula:

slope = thrombin peak (nV))/
[time to peak (min)-lag time (min)]

Data analysis

Statistical analyses were performed using Graph Pad
Instat 3.0 software (San Diego, CA, USA). Spearman’s test
was applied for correlation analyses. Results from study
groups were compared using Student-t or Mann-Whitney
tests. A p value of <0.05 was considered statistically signif-
icant. Odds ratios (OR) were used to estimate relative risks.
Binary logistic regression (program written by JC Pezzullo
& KM Sullivan version 05.07.20) was applied to estimate
the OR.

Results

Thrombin generation capacity in individuals with VWF
deficiency

Thrombin generation was measured in PPP and PRP
from 53 patients with VWD. The control group comprised
100 healthy adults. The mean value of TGT results are
summarized in Table 2. Prothrombin and antithrombin lev-
els were in the normal range in all patients and controls
(normal range = 80-120%). The TGT lag time, peak, time
to peak and slope were abnormal in PPP and PRP from
patients with VWD. Thrombin generation was significant-
ly decreased and delayed in these patients in comparison
with the control group (Figure 2). Using a non-parametric
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Spearman’s correlation test, we found a statistically signifi-
cant correlation between plasma VWFERCo and FVIIL:C
(r=0.572; p<0.0001), VWF:RCo and thrombin peak (r=0.33;
p=0.015), and VWE:RCo and TG speed (slope) (r=0.41;
»=0.0024) in PPP and in PRP (peak r=0.24; »=0.05 and slope
r=0.29; p=0.036). We also confirmed the significant correla-
tion previously shown between plasma FVIIL:C levels and
thrombin peak (r=0.55; p<0.0001) and slope (r=0.63;
7<0.0001) in PPP and in PRP (peak r=0.44; p=0.0011 and
slope r=0.51; p<0.0001). A correlation was also found
between thrombin peak and VWE.CB in PPP (r=0.31;
p=0.025) and in PRP (r=0.26; p=0.05). No statistically signif-
icant difference was found between thrombin generation
peak and slope of patients with VWD type 1 and VWD
type 2 (Mann Whithey test »>0.05).

Relationship between clinical bleeding phenotype and
thrombin generation peak

We assessed the clinical bleeding phenotype in 53
patients with VWD according to the criteria published by
the ISTH.>®> We studied the relationship between low
thrombin generation peak values and severe bleeding risk
using binary logistic regression (1=low peak, O=normal
peak and 1=severe bleeding phenotype, O=mild bleeding
phenotype). The bleeding phenotype was determined
using the clinical score recently published by Tosetto et al.*
This clinical score was retrospectively validated in a mul-
ticenter European study in a large number of patients with
VWD, their affected and unaffected family members and
controls. According to the results of this study, in 195 con-
trols with an available bleeding history, only one female
control had a bleeding score of 4, while all the remaining
control subjects had a bleeding score lower than 4 with a
median score of —1. The family members of VWD patients
had a bleeding score higher than control subjects (median
score=4) and index cases had the highest bleeding score
results (median score=9). In our study, we therefore used a
bleeding score 25 to indicate a significant risk of bleeding.
In our study, 29 patients had a significant bleeding pheno-
type (score 25) whereas 24 had a mild bleeding phenotype
(score <5). The normal range (mean+2SD) of the thrombin
peak was determined in 100 healthy controls with no per-
sonal history of bleeding or thrombosis. A thrombin peak
was considered abnormally low if it was below 188.5 nM
in PPP and below 55.5 nM in PRP (mean+2SD for peak val-
ues obtained in 100 healthy subjects). The results of the
binary logistic regression showed that patients whose PRP
showed a low thrombin peak had a statistically significant
high risk of bleeding (OR=14.5; 95% CI=5-41.3). A similar
bleeding risk was also associated with a low thrombin
peak in PPP samples (OR=8.71; 95% CI = 3.4-22.3). These
results obtained in the first large series of VWD patients
are highly relevant in terms of predicting individual bleed-
ing risk. The mean FVIIL:C levels were 48.7+21.4 [U/dL in
the group of patients with a bleeding score <5 and 50.4+28
[U/dL in the group with a bleeding score >5.



Effect of VWF and FVIIl on thrombin generation in
patients with VWD

We studied the individual role of VWF and FVIII in the
thrombin generation reaction and investigated whether or
not the two coagulation factors had similar impacts on the
capacity to generate thrombin. In the group of patients
with VWD type 2, we compared thrombin peak and slope
in patients with low plasma FVIIL:C (<50 IU/dL) (n=14) and
in those with normal FVIIL:C (50 to 140 IU/dl) (n=9). In PPP,
we observed a significantly decreased peak (Mann
Whitney test, p=0.005) and slope in the group with FVIIL:C
<50%, whereas the thrombin generation peak was in the
normal range in the majority of VWD patients with
FVIII>50 IU/dL (Figure 3). In PRP there was no significant
difference between the two groups. In addition, we com-
pared the thrombin peak values obtained in 23 patients
with VWD type 2 with those measured in 21 mild hemo-
philiacs with similar plasma FVIIL:C (FVIILC= 5-50%).
According to our results in VWD described above, the
thrombin peak in PPP was below the normal range
(335+73.25 nM; mean+2SD) in all the hemophiliacs
(FVIII<50 IU/dL) (Figure 3). We also evaluated the effect of
reconstituting /1 vitro FVIIl and VWEF levels in two patients
with type 3 VWD who had undetectable plasma VWEF:RCo
and FVII <5 JU/dL. Thrombin generation curves were
obtained in PPP and PRP samples spiked in vitro with VWF
or with recombinant FVIII (rFVII], Helixate®) corresponding
to 25-50-100 IU/dL. In PRP and PPP, we observed that
tFVIII clearly had a higher capacity of correcting thrombin
generation parameters than had VWF (Figure 4). Moreover,
after adding rFVIII 100 IU/dL to a PRP sample from a
patient with VWD type 3, we spiked the same plasma
sample with VWE 25 and 100 IU/dL, in order to investigate
whether VWF had an additional role in thrombin genera-
tion in the presence of a normal plasma FVIII concentration
(Figure 5A). Thrombin generation was similar before and
after addition of VWE since no significant additional effect
of VWF on either the thrombin peak or speed of generation
was observed. Conversely, we did the same experiment
with 25 and 100 IU/dL of rFVII added to a PRP sample
from a patient with VWD type 3 in the presence of VWF
100 IU/dL (Figure 5B). In these conditions, thrombin gener-
ation dose-dependently increased in the presence of rFVIII
25 and 100 IU/dL. These results demonstrate that thrombin
generation measured by CAT is mainly dependent on plas-

Thrombin-generating capacity in patients with vWD

ma FVIII activity. Since FVIII plays a crucial role in throm-
bin generation in patients with VWD, we compared the
thrombin generating capacity of the two patients with
VWD type 3 (VWE:Ag/Rco =0 and FVIII=5 [U/dL) with
that of two patients with moderate hemophilia A
(FVIIL:C=6 IU/dL). The mean thrombin peak (25 vs 30 nM)
and slope (2.7 vs 2.6 nM/min) values were similar in the
two groups. We also compared two patients with VWD
type 2 N with two mild hemophiles (FVIII:C=15 1U/dL).
We found comparable results for mean thrombin peak (101
vs 124 nM) and slope (22 vs 24 nM/min) in the two groups.
Finally, ex vivo thrombin generation was measured in a
patient with VWD type 3 before and after the infusion of a
therapeutic dose of VWEF 50 IU/kg (Wilfactin®, LFB,
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Figure 2. Thrombin speed and peak values in patients with VWD
and controls.

Table 2. Comparison of the thrombin-generating capacity between the investigated patients with VWD and the healthy control group.

Lag time (min) Peak (nM) Time to peak (min) Slope (nM/min) ETP (nM.min)
Patients with VWD (n=53) 8.5+2.4 71232 2146 6.8+4 1443487
PRP p<0.0001 p<0.0001 p<0.0001 p<0.0001 p=0.83
Normal controls (n=100) 6.6+1.6 12434 1332 22+11 1432+229
Patients with VWD (n=53) 4.740.8 195494 8.6+1.9 6040 1255+422
PPP p<0.0001 p<0.0001 p=0.0004 p<0.0001 p=0.0067
Normal controls (n=100) 4+0.7 335+73 6.3+0.8 154+ 54 1380+214
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Courtaboeuf, France). Plasma VWEF:RCo, FVIIL:C and
thrombin peak were measured before and 30 min, 1h, 3h,
6h and 24h after the injection of VWF concentrate. Thirty
minutes after the injection, VWFRCo was in the normal
range, and then decreased, while plasma FVIII levels
increased progressively throughout the 24 hours following
the injection of the VWE concentrate. The kinetics of
thrombin-generating capacity paralleled the increase in
plasma FVIIL. These ex vivo results confirmed our i vitro
data showing that thrombin generation in patients with
VWD was mainly dependent on plasma FVIII concentra-
tion (Figure 6).

Discussion

VWE contributes to thrombus formation through two
main mechanisms. It associates with plasma FVIII, pre-
venting the inactivation and clearance of this factor from
plasma, and also mediates the adhesion of platelets to the
site of vascular injury.” It has also been shown that VWEF
stimulates thrombin generation in PRP in a fibrin-depend-
ent manner.'” VWF deficiency is the most common inher-
ited bleeding disorder.” In general, the clinical bleeding
phenotype correlates with plasma VWEF and FVIII concen-
trations and is usually milder in type 1 VWD than in types
2 and 3. However, there is no clear cut-off between a nor-
mal and a pathological level of plasma VWEF concentration
corresponding to the level of risk of a clinical bleeding
event.” In addition, it is well known from clinical experi-
ence that some patients with similar degrees of VWF defi-
ciency may exhibit variable bleeding phenotypes."” Thus,
the levels of plasma VWE FVIII activity and antigen do
not predict the individual bleeding risk. In this study, in
order to mimic physiological conditions, we measured
thrombin generation using a low concentration of tissue
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factor (TF=1 pM in PPP and 0.5 pM in PRP) and demon-
strated that thrombin generation was greatly decreased
and delayed in both PPP and PRP from VWD patients.
There are very limited and contradictory data on throm-
bin generation capacity in VWD patients. Quiroga et a/”’
found a significant correlation only between ETP and
EVIIL:C in plasma of VWD patients but they did not show
a correlation between VWF and thrombin generation. In
the same study they found no significant difference in
thrombin generation, in terms of ETP, in PPP, between
VWD patients and controls. In our study, we used throm-
bin peak height instead of ETP and found a highly signif-
icant difference between VWD and controls. It has been
shown that at the end of the thrombin generation reac-
tion 5-12% of the original prothrombin remains.”" This
suggests that a low thrombin peak, even at normal ETP,
can be related to clinical bleeding. It was recently shown
by Kyrle et al” that a high thrombin peak is associated
with a thrombotic tendency. This highlights that the ETP
is not the only important parameter of the thrombogram.

Keularts et al.* showed a concentration-effect relation
between VWF and the ETP measured in PRP from VWD
patients. They reported that thrombin generation was
decreased in PRP from two patients with moderate VWEF
deficiency, whereas it was normal in their PPP. Our results
in PRP and PPP from VWD type 3 patients spiked with
VWEF and factor VIII alone and in combination confirm
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Figure 3. Comparison of thrombin peak values between patients
with VWD type 2 with normal or low plasma FVIII:C activity and
patients with mild hemophilia A. The horizontal line at 188.5 nM
indicates the limit of the normal range (meant2SD).

Figure 4. Representative thrombin generation curves obtained in
PRP (A) and PPP (B) samples from patients with VWD type 3,
spiked in vitro with VWF or with recombinant FVIII (rFVIII) 25, 50 or
100 IU/dL. At baseline FVIII and VWF were undetectable.
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the decreased thrombin generation but not the additional
effect of VWF in the presence of fibrin and platelets. This
discrepancy could be explained by several differences
between the thrombin generation methods employed. In
the first place Keularts et al. used a subsampling method
in stirred plasma i.e. at a low shear rate, whereas in the
CAT method there is no stress at all. This is a major dif-
ference, because the role of VWF in the thrombin-induced
procoagulant response of platelets requires at least a min-
imal shear, as shown by Briedé et al”** Dérmann et al.,”
measuring thrombin generation on gel-filtered platelets in
a system without shear stress, showed that VWF binding
to GPIb was not essential to initiate platelet procoagulant
activity. In the second place contact activation in the sub-
sampling method is probably higher than in the automat-
ed method used in this study.

Our current results suggest that decreased and delayed
thrombin generation in VWD can probably be mainly
attributed to a decreased plasma FVIII level in patients
with this disorder. This also follows from our observation
that in VWD type 2 patients (9 with FVII:C> 50 IU/dL
and 14 with FVIII:C< 50 IU/dL) thrombin generation was
significantly higher (y=0.005) in those with a normal plas-
ma FVIII concentration (Figure 3). These data are also in
accordance with our results obtained in patients with
mild hemophilia. The individual role of VWF and FVIII in
bleeds in patients with VWD is a still pending question so
that the pathophysiology of bleeding in VWD remains
unclear. Our in vitro and ex vivo results clearly showed that
thrombin generation was mainly dependent on FVIII
activity and VWEF probably did not have a major role in
the thrombin-generating capacity in PRP and PPP. Béguin
et al. previously showed that the addition of sufficient
rFVIID significantly improved thrombin generation.
However, the same authors, having added very low con-
centrations (2.5% of normal) of exogenous rFVIII or using
normal PPP containing both FVII and VWE concluded
that PPP had a better capacity to restore thrombin gener-
ation. In our study, the addition of either rFVIII or VWF to
plasma samples allowed a more accurate evaluation of
the impact of each component on thrombin generation.
Conversely, the addition of VWF to a plasma sample
spiked with rFVIII 100 1U/dL did not increase thrombin
generation in either PRP or PPP. As discussed above, there
are essential differences between the subsampling test
used by Béguin et al. and the CAT test used in our study:.
Furthermore, our spiking experiments were conducted in
type 3 patients, which has the advantage of detecting all-
or-none effects, but would be worth repeating in a larger
series, with more concentrations and with and without
shear stress. In brief, the relationship between VWE/FVIII
levels and bleeding has not been clearly established.

The question of how to predict bleeding risk from lab-
oratory data still remains unanswered. It is unknown
which genetic and laboratory data might be useful for
predicting the individual bleeding risk in VWD patients.
It is also unknown whether the presence of some bleed-

Thrombin-generating capacity in patients with vWD
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Figure 5. Representative curves showing the additional effect of
VWF 25 and 100 IU/dL in a PRP sample from a patient with VWD
type 3, spiked with rFVIII 100 IU/dL (A). The same experiment with
25 and 100 IU/dL of rFVIIl added to a PRP sample from a patient
with VWD type 3 in the presence of VWF at 100 IU/dL (B). At base-
line FVIII and VWF were undetectable.
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Figure 6. Pharmacokinetics of VWF:RCo, FVIIl (A) and thrombin
generation peak (B) in PPP from a patient with VWD type 3 before
and after administration of 50 IU/kg of VWF concentrate.
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ing symptoms may predict the occurrence of hemorrhag-
es in surgical or trauma situations. Our group and others
have previously shown that the thrombin generation test
could be useful in the assessment of the individual bleed-
ing risk in patients with hemophilia®* and thrombophil-
ia.”?”” The results of the present study suggest that VWD
patients with a low thrombin peak value (<55.5 nM in
PRP or <188.5 pM in PPP) might have a higher risk of clin-
ical bleeding. Our results also show a predominant role of
FVIII in thrombin generating capacity of VWD. However,
the thrombin generation test reflects only a part of the
functions of VWF and in order to obtain a complete eval-

uation of the bleeding risk additional tests studying its
role in platelet adhesion/aggregation are required.
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