Longitudinal assessment of von Willebrand factor antigen and von
Willebrand factor propeptide in response to alteration
of antiplatelet therapy after TIA or ischaemic stroke
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Abstract The impact of commencing or changing anti-
platelet therapy on von Willebrand factor antigen
(VWF:Ag) and von Willebrand factor propeptide
(VWEF:Ag II) levels has not been comprehensively assessed
following TIA or ischaemic stroke. In this pilot, longitu-
dinal, observational analytical study, VWF:Ag and
VWEF:Ag I levels were simultaneously quantified in
platelet poor plasma by ELISA in patients within 4 weeks
of TIA or ischaemic stroke (baseline), and then 14 days
(14d) and >90 days (90d) after altering antiplatelet ther-
apy. Ninety-one patients were recruited. Eighteen were
initially assessed on no antiplatelet therapy, and then after
14d (N = 17) and 90d (N = 8) on aspirin monotherapy; 21
patients were assessed on aspirin and after 14d and 90d on
clopidogrel; 52 were assessed on aspirin monotherapy, and
after 14d and 90d on aspirin and dipyridamole combination
therapy. VWEF:Ag, VWF:Ag II levels and VWEF:Ag/
VWEF:Ag II ratio were unchanged at 14d and 90d in the
overall study population (p = 0.1). VWF:Ag and VWF:Ag
II levels remained stable at 14d and 90d after commencing
aspirin (p = 0.054), and after changing from aspirin to
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clopidogrel (p = 0.2). Following the addition of dipyrid-
amole MR to aspirin, there was a significant reduction in
VWE:Ag levels at 14d (p = 0.03) and 90d (p = 0.005), but
not in VWF:Ag II levels (p = 0.3). The addition of dipy-
ridamole to aspirin led to a persistent reduction in VWEF:Ag
but not in VWF:Ag II levels, suggesting that dipyridamole
may inhibit release of platelet-derived VWF:Ag following
TIA or ischaemic stroke.
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Introduction

Activated platelets play a key role in arterial thrombus
formation, and because platelets interact with the endo-
thelium, endothelial activation has the potential to cause or
exacerbate an ischaemic insult in patients with ischaemic
cerebrovascular disease (CVD).
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Von Willebrand factor (VWF:Ag) is a multimeric
plasma glycoprotein that is synthesised in vascular endo-
thelial cells and megakaryocytes [3, 28]. Endothelial cells
secrete VWE: Ag constitutively into the circulating blood or
into the subendothelial matrix, and also release VWEF:Ag
stored in Weibel-Palade bodies in response to endothelial
cell activation [3, 26, 28, 30]. Platelets also secrete
VWE:Ag from alpha granules, but the majority of plasma
VWE:Ag is thought to originate from the endothelium [26].
VWEF:Ag may bind to the platelet surface glycoprotein
(Gp) Ib-IX-V receptor complex, thus mediating platelet
adhesion to exposed subendothelial collagen and sub-
sequent platelet-rich thrombus formation (3, 28]. VWEF:Ag
is an important glycoprotein in patients with vascular dis-
ease, and elevated VWF:Ag levels have been identified in
both the early [2-4, 18, 19, 21, 23, 27] and late phases
following an ischaemic cerebrovascular event (CVE) [15,
19, 23], and following an ischaemic or haemorrhagic stroke
compared with healthy controls [4, 32].

von Willebrand Factor propeptide (VWF:Ag II) is pro-
duced by cleavage of pro-VWF into VWF:Ag and
VWE:Ag II [10, 36]. VWEF:Ag II undergoes endoproteo-
lytic cleavage to form VWEF:Ag in endothelial cells, and is
also stored in Weibel-Palade bodies until released during
endothelial activation [36]. Levels of VWF:Ag II or the
ratio of VWF:Ag/VWF:Ag II in plasma may provide an
accurate measure of the degree of acute endothelial cell
activation [14, 36], because VWF:Ag II has a shorter half
life than VWF:Ag, and returns to baseline levels rapidly
after the stimulus to endothelial activation is removed (5,
10, 11, 13, 22, 36]. However, to our knowledge, VWF:Ag
and VWEF:Ag II levels have not been measured simulta-
neously after commencing or changing antiplatelet therapy
in patients with recent TIA or ischaemic stroke. Because
VWE:Ag levels have been shown to have a significant
impact on platelet function ex vivo under conditions of
moderately high shear stress [33-35], a better understand-
ing of the role of VWF:Ag and VWF:Ag II in ischaemic
CVD may improve our understanding of the mechanisms
influencing recurrent vascular events in CVD patients on
antiplatelet therapy.

Aims and hypotheses

The aims of this pilot, prospective, longitudinal, case
crossover study were to assess the impact of changing anti-
platelet agents on plasma VWF:Ag levels, VWF:Ag II lev-
els, and VWF:Ag/VWF:Ag Il ratio ex vivo, in patients with
recent TIA or ischaemic stroke. We hypothesised that
VWE:Ag, VWF:Ag Il levels, or VWF:Ag/VWEF:Ag II ratio
would decrease after altering antiplatelet agents, and that this
reduction would be most marked after the addition of

dipyridamole to aspirin, due to the proposed inhibitory
effects of dipyridamole on both platelets and the endothe-
lium [16, 37].

We also assessed the impact of plasma VWF:Ag and
VWE:Ag Il levels on platelet adhesion and aggregation on
a platelet function analyser (PFA-100%) in patients com-
mencing aspirin and changing from aspirin monotherapy
to aspirin-dipyridamole combination therapy. We
hypothesised that VWF:Ag and VWEF:Ag II levels would
be higher in patients with ‘high on treatment platelet
reactivity’ (HTPR) than those without HTPR on the PFA-
100 [35].

Methods
Study design and inclusion criteria

The overall design of the prospective, longitudinal, obser-
vational TRinity AntiPlatelet responsiveness (TRAP) study
has been published previously [33-35]. In brief, consecu-
tive eligible patients >18 years old who had a ‘stroke
specialist-confirmed’ TIA or ischaemic stroke within the
preceding 4 weeks, and whose treating physician decided
to commence or change their antiplatelet therapy, were
eligible for inclusion in this component of the TR AP study.
Patients were recruited from the rapid access stroke pre-
vention (RASP), neurology, stroke medicine, and vascular
surgery services at our university teaching hospital which
accepts direct referrals from primary care and emergency
department physicians, and hospital consultants in the
region.

Exclusion criteria

We excluded CVD patients with a history of primary
intracerebral haemorrhage, myocardial infarction within
the preceding 3 months, ongoing unstable angina, unstable
symptomatic peripheral vascular disease, major surgery or
systemic haemorrhage within the preceding 3 months
(haemoglobin decrease of >1 g/dl in 1 day, or requiring
transfusion), if they had systemic vasculitis, underlying
neoplasia, or a known bleeding or clotting diathesis
including known platelet disorders, platelet count
<120 x 10°1 or >450 x 10°A, urea >10 mmol/l or GFR
<30 ml/min, current infection (clinical signs of infection,
white cell count >12 x 109/1), or non-steroidal anti-
inflammatory drug (NSAID) use other than aspirin within
14 days of recruitment [34].

Written informed consent, or assent where appropriate,
was obtained from all subjects. The study was approved by
the St. James Hospital/AMNCH local research ethics
committee (REC Ref: 2,007/07/MA).



Clinical and laboratory assessments

Clinical assessment was performed as outlined previously
[33, 35]. In brief, all subjects underwent a detailed clinical
neurovascular and laboratory assessment at 3 time points,
by at least one of the three examiners: at baseline prior to
changing antiplatelet therapy, >14 days after changing
antiplatelet therapy (14d), and =90 days after changing
antiplatelet therapy (90d). TIA and stroke work-up was
performed according to European Stroke Organisation
guidelines [9]. The underlying mechanism responsible for
TIA or ischaemic stroke was categorised according to the
TOAST classification [1].

Adherence to antiplatelet therapy in inpatients was
confirmed by history taking and by checking the inpatient
drug chart. Adherence in outpatients was assessed by his-
tory taking alone, but all outpatients were phoned to stress
the importance of medication adherence in the week prior
to reassessment. Reassessment was deferred for 14 days in
any patients deemed possibly non-adherent to their anti-
platelet regimen.

Blood sampling and laboratory tests

Careful venepuncture was performed as described previ-
ously [22-25, 33, 35]. All subjects were rested for at least
20 min before venepuncture to standardise conditions and
to minimise platelet activation in vivo. The first three 3 ml
3.2 % citrate-anticoagulated blood samples were used for
platelet activation and functional studies, including PFA-
100 analysis, as described previously [33, 35]. The next
four citrate-anticoagulated samples were used to prepare
double-spun platelet poor plasma (PPP) and immediately
frozen at —70 °C within 60 min of venepuncture (33, 34].

Enzyme linked immunosorbent assay (ELISA)

Samples were thawed once at 37 °C for 20 min before
quantification of VWEF:Ag, utilising a VWF:Ag ELISA.
Samples were then refrozen, stored at —70 °C, until thawed
once more for the assessment of VWE:Ag II levels, also by
ELISA. The concentration of VWF:Ag and VWEF:Ag II in
each PPP sample was determined, as previously described
[14]. In brief, Polyclonal Rabbit Anti-Human VWF antibody
(DAKO) was used as coating antibody, and polyclonal rabbit
Anti-Human VWEF/HRP antibody (DAKO) as detection
antibody for the VWF:Ag ELISA. M193902 CLB-Pro 35
coating antibody (Plesmanlaan 125) and M103904HRP CLB-
Pro 14.3 detection antibody (Plesmanlaan 125) were used for
VWEF:Ag II quantification. Following the addition of a col-
orimetric substrate (ortho-phenylenediamine-dihydrochloride
(OPD) Sigma, Ireland), absorbance was measured by spec-
trophotometry at 490 nm, using a VERSA Max Tuneable

Microplate Reader. Standard curves were constructed for
VWE:Ag and VWF:Ag Il using coagulation reference plasma
(Technoclone, Surrey, UK), and VWF:Ag and VWEF:Ag 11
levels in each of the samples were recorded as pg/ml.

High on-treatment platelet reactivity (HTPR)
assessment

The degree of inhibition of platelet function in whole blood
was assessed with the PFA-100% platelet function analyser
(Dade-Behring, Germany) between 2 and 2.5 h after
venepuncture [22, 35]. A novel, scientifically valid defi-
nition of HTPR has been established by our group as
failure to prolong the relevant closure times on the device
from baseline by more than twice the coefficient of varia-
tion of the relevant assay, as previously described [33, 35].
High on treatment platelet reactivity in patients com-
mencing aspirin was defined as failure to prolong the
C-EPI by >15 9% of the patient’s own baseline C-EPI
closure time [34]. We did not pursue analysis of the rela-
tionship between VWEF:Ag or VWF:Ag II and PFA-100
C-ADP closure times in patients changing from aspirin to
clopidogrel monotherapy, because the C-ADP cartridge
does not reliably detect inhibition of platelet function with
clopidogrel [12, 17, 33]. HTPR in patients changing from
aspirin monotherapy to aspirin and dipyridamole combi-
nation therapy was defined as failure to prolong the C-ADP
closure times by >14 % of the patient's own baseline
C-ADP closure time on aspirin monotherapy [35].

Statistical methods

Paired or unpaired # tests were used for comparison of paired
and unpaired parametric variables, respectively. The Wilco-
xon signed rank test and the Wilcoxon rank sum test were used
for comparison of paired and unpaired non-parametric vari-
ables, and the Kruskal-Wallis rank sum test for comparison of
multiple non-parametric variables, where appropriate. Chi-
squared or Fisher Exact tests were used to compare propor-
tions between groups, where appropriate. p < 0.05 was con-
sidered to be statistically significant. All statistical calculations
were performed using R, version 2.15 [29].

Results

Ninety-one patients were recruited and assessed at baseline;
90 were followed up at 14d, and 79 of the original 91
patients were reassessed at 90d. The clinical and demo-
graphic profiles of the patients are outlined in Tables 1 and
2. There were few patients with large artery disease in this
study, because the majority of those patients underwent



Table 1 Demographic and

a0 : b : Parameter All patients 0 — Aspirin  Aspirin — Aspirin —
chmcal.data in entire patient (N =91) (N = 18) Aspirin + Dipyridamole Clopidogrel
population and in each (N = 52) (N =21)
treatment subgroup at study
entry Mean age in years 60 (+14) 57 (£15) 58 (£13) 70 (£9)
Sex (M/F) 59/32 12/6 34/18 13/8
Prior stroke/TIA 19 (21 %) 2 (11 %) 8 (16 %) 9 (43 %)
HD 11 (12 %) 1 (6 %) 3(6 %) 7 (33 %)
Hypertension 51 (57 %) 6 (38 %) 25 (48 %) 20 (95 %)
Diabetes mellitus 11 (12 %) 2 (11 %) 6 (12 %) 3 (14 %)
A fib/flutter at 1(1 %) 0 (0 %) 0 (0 %) 1(5 %)
enrolment
Family history of 39 (43 %) 8 (44 %) 25 (48 %) 6 (29 %)
stroke
Prior DVT/PE 4 (4 %) 1 (6 %) 3(6 %) 0 (0 %)
Peripheral vascular 4 (4 %) 00 %) 2 (4 %) 2 (10 %)
disease
Migraine (with or 22 (24 %) 5 (28 %) 13 (25 %) 4 (19 %)
without aura)
Never smoker 37 (41 %) 8 (44 %) 21 (40 %) 8 (38 %)
Statin therapy (at 35 (39 %) 1 (6 %) 18 (35 %) 16 (80 %)
enrolment)
Mean NIHSS 1 2 1 1
Table 2 Aetiological subtyping  gyroke/TTA All patients 0 — Aspirin  Aspirin — Aspirin —
by TOAST classification inall  gyprype (N =91) (N = 18) Aspirin + Dipyridamole Clopidogrel
patients and in each subgroup (N = 52) (N =21)
Large artery 3 (3 %) 0 (0 %) 2 (4 %) 1(5 %)
atherosclerotic
Lacunar 23 (25 %) 4 (22 %) 16 (31 %) 3 (14 %)
Cardioembolic 17 (19 %) 5 (28 %) 9 (17 %) 3 (14 %)
Undetermined 42 (46 %) 6 (33 %) 22 (42 %) 14 (67 %)
aetiology
Other determined 6 (7 %) 3 (17 %) 3(6%) 0 (0 %)

urgent carotid intervention (mainly carotid endarterectomy)
and could not undergo laboratory testing at 14 days, because
recent surgery within 3 months was an exclusion criterion in
the TRAP study. None of the recruited patients had a
recurrent vascular event during follow-up in this study.

Alteration of antiplatelet therapy in the overall study
patient population did not significantly affect VWF:Ag or
VWE:Ag Il levels, or the VWF:Ag/VWEF:Ag Il ratio at 14d
or 90d (p = 0.1) (Table 3).

Pre-planned subgroup analyses

Changing from no antiplatelet therapy to aspirin
monotherapy

Eighteen patients were assessed at baseline on no antiplatelet
medication (Tables 1, 2). Seventeen were reassessed at 14d

Table 3 Plasma markers before (baseline) and 14d and 90d after
changing antiplatelet therapy in entire patient population

Baseline 14d 90d
WV =91) (N = 90) (N=179)
VWF:Ag (ug/ml) 1091 11.05 10.90
(9.00-15.96)  (8.61-14.44)  (8.63-14.63)
p value 0.4 0.1
VWF:Ag 11 847 8.74 8.29
(pg/ml) (7.20-11.09)  (7.08-11.26)  (6.80-10.31)
p value 0.2 0.2
VWF:Ag/ 140 (+£045)  1.33 (£047)  1.40 (+£0.46)
VWF:Ag II
ratio
p value 0.1 0.9

Values are medians (25-75th percentile) or means (£ SD). p value
refers to comparison between baseline and follow-up at 14d and
90d



Table 4 Plasma markers before (baseline) and 14d and 90d after
commencing aspirin monotherapy

Table 6 Plasma markers on aspirin (baseline), and 14d and 90d after
adding dipyridamole MR to aspirin

Baseline 14d 90d Baseline 14d (N =52) 90d (N =52)
(N = 18) (N=17) (n=8) (N = 52)
VWF:Ag 9.93 11.16 10.39 VWF:Ag (ug/ml) 12.44 11.77 11.44
(ng/ml) (7.19-15.68) (9.54-14.98) (8.09-12.34) (9.71-17.08)  (8.68-14.29)  (8.72-14.55)
p value 02 09 p value 0.03 0.005
VWEF:AgII 8.04 (+£2.35) 8.83 (£197) 796 (+1.19) VWF:Ag Il (ug/ 936 (+£3.81) 9.54 (+£3.57)  12.04 (+4.78)
(ng/ml) ml)
p value 03 0.054 p value 0.7 0.3
VWE:Ag/ 1.41 (+£0.52)  1.48 (+£0.71) 1.31 (+£043) VWF:Ag/ 149 (+£0.41)  1.36 (+£0.37) 1.40 (+0.44)
VWE:Ag 11 VWF:Ag II ratio
ratio p value 0.02 0.2
p value 0.6 05

Values are medians (25-75th percentile) or means (+ SD). p value
refers to comparison between baseline and follow-up at 14d and 90d

Table 5 Plasma markers on aspirin (baseline), and 14d and 90d after
changing to clopidogrel monotherapy

Baseline 14d 90d
(N =21) (N =21) (N =21)
VWF:Ag 9.56 9.20 10.36
(pg/ml) (8.25-1577)  (7.62-1359)  (8.09-15.95)
p value 0.5 0.2
VWEAgII 9.94 (£3.97) 10.31 (£5.68) 9.06 (+5.32)
(ng/ml)
p value 0.6 0.5
VWE:Ag/ 1.18 (+0.41) 1.14 (£0.41) 1.43 (+0.53)
VWE:Ag 11
ratio
p value 0.5 0.6

Values are medians (25-75th percentile) or means (+ SD). p value
refers to comparison between baseline and follow-up at 14d and 90d

on aspirin monotherapy; assessment was not possible in one
patient at 14d due to a device error. Only eight of these
patients were reassessed at 90d on aspirin monotherapy
because the remainder had been changed to an alternate anti-
thrombotic regimen (usually combination antiplatelet ther-
apy or anticoagulation) at the discretion of their treating
physician prior to the 90d assessment. There were no sig-
nificant changes in VWF:Ag levels, VWF:Ag Il levels or
VWEF:Ag/VWF:Ag Il ratio at 14d or 90d after commencing
aspirin (p > 0.054) (Table 4). There were no differences in
VWE:Ag or VWF:Ag Il levels between patients with HTPR
and those without HTPR on aspirin monotherapy at 14d or
90d (p = 0.6).

Changing from aspirin to clopidogrel monotherapy

Twenty-one patients were assessed at baseline on aspirin
and subsequently at 14d and 90d after changing to

Values are medians (25-75th percentile) or means (4 SD). p value
refers to comparison between baseline and follow-up at 14d and 90d

Significant p values are shown in bold (p < 0.05)

clopidogrel monotherapy (Tables 1, 2). There were no
significant changes in VWF:Ag levels, VWF:Ag 1I levels
or VWF:Ag/VWEF:Ag Il ratio at 14d or 90d compared with
baseline (p = 0.2) (Table 5).

Addition of dipyridamole MR to Aspirin

Fifty-two patients were assessed at baseline on aspirin, and
subsequently at 14d and 90d after adding dipyridamole
modified release (MR) to aspirin (Tables 1, 2). One patient
was changed from aspirin monotherapy to the commercially
available combination preparation of asasantin retard® twice
daily (containing 25 mg of aspirin and 200 mg of dipyrid-
amole MR per tablet); another patient was changed from
75 mg of aspirin monotherapy daily to 75 mg of aspirin in
combination with asasantin retard twice daily. All other
patients in this study had 200 mg of dipyridamole MR twice
daily added to their once daily dose of aspirin. VWEF:Ag
levels significantly decreased 14d after adding dipyridamole
MR to aspirin (p = 0.03), and this reduction was maintained
at 90d (p = 0.005) (Table 6). There was no significant
change in VWEF:Ag 1II levels at 14d or 90d compared with
baseline values on aspirin monotherapy (p = 0.3). VWE:Ag/
VWE:Ag Il ratio transiently decreased at 14d compared to
baseline (p = 0.02), but this reduction was not sustained at
90d. There were no significant differences in VWF:Ag or
VWE:Ag II levels between patients with and those without
HTPR on the C-ADP cartridge after changing from aspirin to
aspirin—dipyridamole MR combination therapy (p = 0.06).

Discussion

This novel, robust, prospective, longitudinal pilot study has
shown that the addition of dipyridamole MR to aspirin



leads to a persistent reduction in VWF:Ag levels in both
the early and late phases after TIA or ischaemic stroke.
These findings could reflect the inhibitory effects of dipy-
ridamole on either platelets or the endothelium because, as
stated above, VWF:Ag may be derived from either source
[26]. Plasma levels of VWF:Ag II, which is only released
from the endothelium, were not influenced by the addition
of dipyridamole to aspirin, thus supporting the hypothesis
that the reduction in VWF:Ag levels may be mainly
mediated by the inhibitory effects of dipyridamole on
platelets. Unlike platelet-derived VWEF:Ag, endothelial-
derived VWF:Ag is linked to ABO blood group antigens
[26], and thus the glycan profile of endothelial- versus
platelet-derived VWF can be used to differentiate between
the cellular source of circulating VWEF. However, this
study was not designed to distinguish between the impact
of dipyridamole on the two potential sub-fractions of
VWEF:Ag in plasma.

In addition to its beneficial effect of reducing VWF:Ag
levels ex vivo [6], there are several postulated mechanisms
of action of dipyridamole that may explain its therapeutic
effects in the secondary prevention of recurrent vascular
events following TIA and ischaemic stroke [7, 20]. Dipy-
ridamole levels in leucocytes appear to increase for at least
30 days after commencing treatment [8, 31], and the drug
has several other postulated or proven inhibitory effects on
platelets, leucocytes and the endothelium, [16, 34, 35], in
addition to its recently described inhibitory effects on
thrombin generation [34]. The relative importance of the
impact of dipyridamole on each biological pathway is
unclear, although an additive, inhibitory effect on different
thrombotic/haemostatic pathways ex vivo may contribute
to its proven role in secondary prevention after TIA or
stroke.

There were no changes in VWF:Ag or VWE:Ag Il levels
after commencing aspirin monotherapy or after switching
from aspirin to clopidogrel monotherapy. Although these
findings could potentially reflect a type II error due to the
smaller numbers of subjects included in these two sub-
groups, there was no suggestion whatsoever of a consistent
trend in VWEF:Ag or VWEF:Ag II levels in either subgroup,
so it is unlikely that the addition of either aspirin or clop-
idogrel affects expression of these biomarkers ex vivo.
Furthermore, the absence of any change in VWF:Ag levels
in the no medication-aspirin monotherapy or aspirin-clop-
idogrel monotherapy subgroups supports the hypothesis
that the results in patients in whom dipyridamole was
added to aspirin are not simply reflective of resolution of
the acute phase response.

Although previous studies have clearly shown that
VWE:Ag levels may influence closure times on the PFA-
100 in ischaemic CVD patients [5, 22], we did not find any
significant differences in VWF:Ag or VWEF:Ag II levels

between patients with and those without HTPR on aspirin
monotherapy or aspirin-dipyridamole combination therapy
using the novel definitions of HTPR employed in this study.
Larger studies are warranted to readdress this issue, because
the small number of subjects included in these pre-planned
subgroup analyses could certainly have led to a type II error.

Conclusions

These data add to our understanding of the potential
diverse, beneficial, anti-thrombotic effects of dipyridamole
MR in TIA or ischaemic stroke patients. The addition of
dipyridamole to aspirin reduces plasma VWF:Ag levels but
not VWF:Ag II levels ex vivo, suggesting that dipyrid-
amole most likely inhibits VWF:Ag release from platelets
instead of inhibiting VWF:Ag secretion from the endo-
thelium. Commencing aspirin or clopidogrel does not
appear to influence expression of either of these biomark-
ers. Larger, longitudinal studies are required to determine
whether the degree of inhibition of platelet and endothelial
function or activation predicts the risk of recurrent vascular
events during long-term follow-up [32]. Such data could
prompt the design of clinical trials to optimise secondary
prevention following TIA or ischaemic stroke [6].
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