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Background: There is a high risk of reocclusion after successful lower limb angioplasty. Platelets
play a central role in this process. The aim of this study was to investigate the antiplatelet effect of
a combination of aspirin and clopidogrel compared with aspirin alone in patients with claudication
undergoing endovascular revascularization.
Methods: This was a double-blind randomized placebo-controlled trial. Some 132 patients were
randomized to clopidogrel and aspirin or placebo and aspirin, with a loading dose 12 h before endovascular
intervention. Flow cytometric measurements of platelet fibrinogen binding and P-selectin expression
were taken as measures of platelet function at baseline, 12 h after the loading dose, and 1 h, 24 h and
30 days after intervention.
Results: Within 12 h of the loading dose, platelet activation in the clopidogrel group had decreased
(P-selectin by 27·3 per cent, P = 0·017; fibrinogen binding by 34·7 per cent, P = 0·024; stimulated
fibrinogen binding by 49·2 per cent, P < 0·001). No change was observed in the placebo group. Platelet
function in the clopidogrel group was significantly suppressed compared with baseline at 1 h, 24 h and
30 days after endovascular intervention (stimulated fibrinogen binding by 53·9, 51·7 and 57·2 per cent
respectively; all P < 0·001).
Conclusion: A combination of clopidogrel and aspirin inhibited platelet function more than aspirin alone
in patients with claudication before and after angioplasty.
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Introduction

Intermittent claudication is a common problem affect-
ing up to 10 per cent of the population over the age of
50 years1–4, with a higher prevalence in men. Endovascu-
lar recanalization by angioplasty with or without stenting
is now widely used to provide symptomatic relief from
intermittent claudication, with low associated morbidity
and mortality rates3,4. Restenosis and reocclusion remain
limitations of the long-term effectiveness of endovascular
recanalization. At 5 years after angioplasty for occlusion
of the femoropopliteal vessels, only 35 per cent of vessels
remain patent5. Patency rates are better after angioplasty
for iliac occlusions, although rates of less than 60 per cent
are recorded after 3 years6,7. Angioplasty of stenoses rather
than occlusions is associated with slightly better patency
rates8.

Platelet activation, adhesion and aggregation at the
site of angioplasty play a pivotal role in the subsequent
development of restenosis and reocclusion9. This is
thought to be primarily through thrombus formation,
but in addition by release of activated platelets. Platelet-
derived growth factor induces migration and proliferation
of smooth muscle cells in the intima10, eventually leading
to myointimal hyperplasia11.

The Antiplatelet Trialists’ Collaboration concluded in
a meta-analysis that antiplatelet treatment is of value in
maintaining patency in patients with peripheral arterial
disease undergoing peripheral angioplasty12. Furthermore,
combining antiplatelet drugs such as dipyridamole and
aspirin reduced the risk of restenosis and reocclusion after
endovascular intervention even further13,14. This suggests
that the more effective the antiplatelet treatment used, the
better the long-term patency.
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The aim of this experimental study was to compare
the effect of a combination of aspirin and clopidogrel
on platelet function with that of aspirin only in
patients with lifestyle-limiting intermittent claudication.
The combination of aspirin and clopidogrel is often
recommended in patients with coronary heart disease
undergoing angioplasty; in contrast, patients in most UK
centres are advised to stop clopidogrel before planned
angioplasty for peripheral arterial disease.

Patients and methods

Eligibility criteria

All patients between the ages of 18 and 80 years referred
to the Vascular Unit, Aberdeen Royal Infirmary with
lifestyle-limiting claudication of the legs, and duplex
imaging that showed arterial stenosis or occlusion in
either the aortoiliac or femoropopliteal segments suitable
for angioplasty, were considered for participation in the
study. Eligible participants were included if they were
able to provide informed consent and satisfied inclusion
and exclusion criteria (Table 1). Patients were recruited by
the first author between March 2002 and January 2003.
Approval for the study was granted by the local ethics
committee. Permission for Sanofi-Synthelabo, Guildford,
UK, to supply clopidogrel for this study was obtained from
the Medicines Control Agency.

Interventions

Patients were randomized to receive either 75 mg clopido-
grel and 75 mg aspirin daily for 30 days with a loading dose

Table 1 Inclusion and exclusion criteria

Inclusion criteria
Haemoglobin > 10 g/l
Platelet count > 150 × 109/l
Aspartate aminotransferase, alkaline phosphatase,

γ-glutamyltransferase < 3 times upper normal limit
Creatinine < 2 times upper normal limit
Body mass index < 33
Age 18–80 years
No contraindication to either aspirin or clopidogrel

Exclusion criteria
History of haematological malignancy
Acute illness within 14 days of randomization
Transfusion of whole blood or red cells within 14 days or

randomization
Known or suspected drug or alcohol abuse
On steroids
On warfarin or heparin
History of bleeding diathesis or coagulopathy
History of severe neutropenia (neutrophil count < 1·8 × 109/l)
History of thrombocytopenia (platelet count < 150 × 109/l)

of 300 mg clopidogrel administered 12 h before planned
intervention, or 75 mg aspirin and placebo daily, with a
‘loading dose’ of placebo administered 12 h before inter-
vention. The drugs were supplied in identical packs by the
Trial Drugs Pharmacy Department. The placebo was inde-
pendently sourced by the Trial Drugs Pharmacy and not
supplied by the producing company. Pharmacists dispensed
placebo or active drug packs according to a computer-
generated randomization process that matched the control
and treatment groups with respect to sex, diabetes and
smoking status using a minimization method. The deci-
sion to accept or reject participants was made and informed
consent obtained from participants before randomization
ensuring allocation concealment. The code was held by the
Trial Drugs Pharmacy Department and was only revealed
to the researchers once recruitment, data collection and
laboratory analyses were complete.

Patients underwent digital subtraction angiography
followed by endovascular intervention as indicated.
Endovascular procedures were performed by one of two
experienced consultant interventional radiologists.

Blood samples were taken at baseline before clopidogrel
or placebo, 12 h after administration of the loading dose
and just before intervention, then at 1 h, 24 h and 30 days
after endovascular intervention. Platelet function was
assessed by whole-blood flow cytometry. The primary
endpoint was the level of platelet responsiveness to
stimulation measured as the percentage of adenosine 5′-
diphosphate (ADP)-stimulated platelets binding fibrinogen
at each time point. Secondary outcomes included level
of platelet activation measured in terms of percentage
of resting platelets expressing P-selectin and percentage
binding fibrinogen.

Blood samples were collected using a 21-G needle
inserted into an antecubital vein with the cuff applied
to the upper arm. The cuff was removed once the
first trickle of blood appeared into the first of two
1 : 10 3·2 per cent sodium citrate Vacutainers (Becton
Dickinson, Oxford, UK). For measurement of platelet
activation, 50 µl blood was transferred immediately from
the second sodium citrate container using a micropipette
and diluted in 450 µl buffer containing 10 mmol/l HEPES,
145 mmol/l sodium chloride, 5 mmol/l potassium chloride
and 1mmol/l magnesium sulphate, pH 7·4.

Whole-blood flow cytometry

Platelet fibrinogen binding and P-selectin expression were
measured by flow cytometry of diluted whole blood as
described previously15,16. The test was performed in a ‘rest-
ing’ sample of diluted whole blood, and also after ex vivo
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stimulation with 10 µM ADP. Whole-blood flow cytomet-
ric measurement of resting platelet activation reflected the
situation in vivo. The results were reported as percentage
of platelets expressing P-selectin or binding fibrinogen.

Statistical analysis

For calculation of sample size, platelet responsiveness to
stimulation was chosen as the primary outcome variable. In
a study by Moshfegh et al.17, a combination of clopidogrel
and aspirin reduced ADP-stimulated platelet activation
by approximately 50 per cent compared to baseline, in
contrast to aspirin alone which had no significant
effect (P < 0·001). Based on published normograms and
prediction of the proportion of patients expected to
respond to aspirin alone versus aspirin and clopidogrel,
a sample size of 100 was required to obtain a power of 0·8
with a 0·05 level of significance.

Data analysis was carried out according to a pre-
established plan. Between-subjects ANOVA was used to
compare the clopidogrel and placebo groups. P < 0·050
was accepted as statistically significant. Within-subjects

ANOVA was used to estimate the treatment effect;
95 per cent confidence intervals for the treatment effect
were calculated. The χ2 test or Fisher’s exact test was used
to compare the incidence of minor adverse events in the
two groups.

Results

One hundred and thirty-two patients with claudication
were recruited and randomized, 65 to aspirin with placebo
(placebo group) and 67 to aspirin plus clopidogrel (clopi-
dogrel group) (Fig. 1). Seven patients were excluded after
randomization because of failure to attend for angiography
or the diagnosis of malignancy after randomization but
before administration of treatment. A total of 125 pro-
ceeded to angiography, 103 of whom underwent vascular
intervention; in 22 patients endovascular intervention was
deemed not feasible or too risky mainly owing to run-off
being a single patent calf vessel. Duplex examination failed
to detect significant proximal calf vessel disease in these
patients which substantially increased the risk of inter-
vention. Forty-nine patients in the placebo group and 54

Assessed for
eligiblity 184

Randomized 132

Did not meet inclusion
criteria 52

Allocated to receive 75mg aspirin +
placebo 65

Withdrawn before trial drug received 3

Received allocated trial drug  62

Angioplasty +/− stenting                49

Angiography only                  13
Received allocated treatment           49

Allocated to receive 75mg aspirin
+ 75mg clopidogrel 67

Withdrawn before trial drug received 4

Received allocated trial drug   63

Angioplasty +/− stenting                54

Angiography only 9
Received allocated treatment          54

Lost to follow-up 0 Lost to follow-up 0

Analysed 49

Excluded from analysis (did not
receive allocated treatment) 16

Analysed 54

Excluded from analysis (did not
receive allocated treatment) 13

Fig. 1 Flow diagram of trial participants
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Table 2 Baseline clinical characteristics of 132 patients with
claudication

Placebo Group
(n = 65)

Clopidogrel group
(n = 67)

Sex ratio (M : F) 50 : 15 52 : 15
Mean (range) age (years) 65·4 (46–80) 66·1 (43–80)
Smoking

Never smoked 3 (5) 5 (7)
Ex-smoker > 1 year 27 (42) 28 (42)
Ex-smoker < 1 year 13 (20) 11 (16)
Smoker 22 (34) 23 (34)

Diabetes* 11 (17) 12 (18)
Mean(s.d.) serum cholesterol

(mmol/l)
3·7(2·2) 4·2(2·0)

Mean(s.d.) body mass index 26·1(3·9) 25·5(4·1)
Median (range) ABPI 0·63 (0·36–1·14) 0·65 (0·36–0·91)
Intervention

None 3 4
Angiography only 13 9
Transluminal PTA 29 33
Subintimal PTA 10 6
Stenting 10 15

Site of disease treated
None 16 13
Aortoiliac segment 15 16
Femoropopliteal segment 34 37
Aortoiliac and 0 1

femoropopliteal segments

*Values in parentheses are percentages. ABPI, ankle : brachial pressure
index. PTA, percutaneous transluminal angioplasty.

in the clopidogrel group underwent angioplasty. Table 2
shows the baseline demographics and clinical details of the

patients in both groups, the type of intervention performed
and the site of disease treated. None of these patients was
lost to follow-up. All follow-up visits were completed by
March 2003.

Four patients in the placebo group stopped the trial
medication early because of a rash (two), loss of medication
(one) or voluntarily (one). Seven patients in the clopidogrel
group stopped taking the trial medication early because of a
rash (two), upper gastrointestinal bleeding (one), epigastric
pain (one), ischaemic stroke (one), loss of medication
(one) and for no apparent reason (one). Two patients
failed to take their loading dose on time and one 30-
day postintervention visit took place on day 38. Analysis
was by intention to treat and results from all patients
who underwent endovascular intervention were analysed,
irrespective of compliance with trial medication.

Platelet responsiveness to stimulation and platelet
activation

ADP-stimulated platelet fibrinogen binding, a surro-
gate measure of platelet responsiveness to stimulation,
decreased by 49·2 per cent within 12 h of administration of
clopidogrel (P < 0·001) (Table 3). No significant change
in ADP-stimulated fibrinogen binding was observed in the
placebo group. Resting platelet activation was also signifi-
cantly diminished from baseline within 12 h of the loading
dose of clopidogrel as measured by P-selectin expression
(27·3 per cent reduction; P = 0·017) and fibrinogen bind-
ing (34·7 per cent reduction; P = 0·024). No significant

Table 3 Platelet function in placebo and clopidogrel groups

Placebo group (n = 49)

P versus baseline
(Within-subjects

ANOVA)
Clopidogrel group

(n = 54)

P versus baseline
(Within-subjects

ANOVA)

P
(Between-subjects

ANOVA)

Resting P-selectin expression (%) 0·03
Baseline 0·89 (0·72, 1·07) 0·94 (0·69, 1·19)
12 h after loading dose 0·88 (0·68, 1·08) 0·872 0·68 (0·49, 0·87) 0·017
1 h after intervention 0·96 (0·73, 1·19) 0·526 0·59 (0·46, 0·72) 0·001
24 h after intervention 0·99 (0·80, 1·19) 0·314 0·75 (0·57, 0·93) 0·205
30 days after intervention 0·98 (0·75, 1·21) 0·491 0·65 (0·49, 0·79) 0·009

Resting fibrinogen binding (%) 0·026
Baseline 2·53 (1·6, 3·46) 2·84 (2·12, 3·55)
12 h after loading dose 2·57 (1·81, 3·33) 0·952 1·85 (1·23, 2·47) 0·024
1 h after intervention 2·93 (1·95, 3·92) 0·595 1·95 (1·37, 2·53) 0·026
24 h after intervention 2·73 (1·73, 3·72) 0·788 1·94 (1·26, 2·62) 0·065
30 days after intervention 2·59 (1·73, 3·47) 0·915 1·68 (1·27, 2·09) 0·005

ADP-stimulated fibrinogen binding (%) < 0·001
Baseline 74·29 (68·87, 79·32) 70·04 (64·77, 75·31)
12 h after loading dose 70·66 (64·59, 76·63) 0·197 35·89 (29·61, 42·18) < 0·001
1 h after intervention 68·08 (61·97, 74·18) 0·052 32·39 (26·47, 38·31) < 0·001
24 h after intervention 61·81 (54·01, 69·61) 0·006 29·85 (23·77, 35·93) < 0·001
30 days after intervention 70·14 (64·18, 76·09) 0·311 33·97 (26·44, 41·05) < 0·001

Values in parentheses are 95 per cent confidence intervals. ADP, adenosine 5′-diphosphate.
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difference in either resting platelet P-selectin expression
or fibrinogen binding was observed in the placebo group.

A reduction in platelet responsiveness to stimulation,
as measured by ADP-stimulated fibrinogen binding,
was observed in the clopidogrel group at 1 h after
endovascular intervention (reduction 53·9 per cent; P <

0·001), at 24 h (reduction 57·2 per cent; P < 0·001) and
at 30 days (reduction 51·7 per cent; P < 0·001) compared

with baseline. In the placebo group no significant change
in platelet responsiveness to stimulation was observed
after 1 h or 30 days after intervention, but at 24 h
after angioplasty a drop of 17·8 per cent (P = 0·006)
was observed in the placebo group. Comparison of
the clopidogrel and placebo groups by between-subjects
ANOVA revealed a highly significant difference (P <

0·001) in ADP-stimulated fibrinogen binding (Table 3).
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Fig. 2 Platelet responsiveness. a Percentage of platelets binding fibrinogen in response to stimulation with 10 µM adenosine
5′-diphosphate (ADP), b percentage of unstimulated platelets expressing P selectin and c percentage of unstimulated platelets binding
fibrinogen. Values are means with 95 per cent confidence intervals. *P < 0·050 versus baseline (within-subjects ANOVA)

Copyright  2004 British Journal of Surgery Society Ltd www.bjs.co.uk British Journal of Surgery 2005; 92: 159–165
Published by John Wiley & Sons Ltd



164 K. Cassar, I. Ford, M. Greaves, P. Bachoo and J. Brittenden

The results of resting platelet P-selectin expression and
fibrinogen binding in the placebo and clopidogrel groups
are shown in Fig. 2b and c. ANOVA revealed a significant
difference between the clopidogrel and placebo groups
in both P-selectin expression (P = 0·03) and fibrinogen
binding (P = 0·026). There was a consistent inhibition
of P-selectin expression and fibrinogen binding in the
clopidogrel group at all time points after treatment,
whereas there was a slight rise in the placebo group after
angioplasty.

In the aspirin–clopidogrel combination group, the
inhibition of platelet activation persisted throughout the
treatment interval, and the percentage of circulating
activated platelets remained significantly different from
that in the placebo group at each time point.

Adverse events

Two patients in each group developed a skin rash and
two in each group developed a haematoma at the site
of radiological access that did not require intervention.
The number of patients who developed bruising at
and around the site of access was slightly higher in
the clopidogrel group (25 versus 16) but the difference
between the two groups was not statistically significant.
Two patients in the clopidogrel group had an ischaemic
stroke at day 7 and day 12 after angioplasty. One of
these patients, however, had stopped taking all medication
immediately after intervention. Another patient developed
melaena secondary to bleeding from multiple small gastric
ulcers. Further investigation revealed that the patient had
metastatic colonic cancer. One patient in the clopidogrel
group became hypotensive immediately after intervention
and was found to have a retroperitoneal haematoma. This
resulted in a delay in discharge from hospital of 7 days but
no surgical intervention was necessary.

Discussion

This randomized study has shown that combination
antiplatelet therapy results in a powerful antiplatelet
effect both before and after endovascular intervention
in patients with lifestyle-limiting claudication. Platelet
function, as measured by both platelet responsiveness to
stimulation and the levels of resting platelet activation,
was dramatically reduced within 12 h of a loading
dose of 300 mg clopidogrel. Furthermore, combination
antiplatelet treatment led to significant suppression of
platelet activity during the first 24 h after endovascular
intervention, whereas platelet activation was increased
in patients receiving aspirin alone. This suppression of

platelet function extended to 30 days after intervention.
This suggests that patency rates after angioplasty could be
improved by combination antiplatelet treatment.

The potent antiplatelet action observed with the
combination regimen is believed to reflect the different
and complementary mechanisms of action of clopidogrel
and aspirin. ADP is an important physiological platelet
agonist, the effects of which are mediated by the purinergic
receptor types P2Y(1) and P2Y(12). Clopidogrel exerts
its antiplatelet actions through irreversible blockade of
the P2Y(12) receptor, whereas aspirin inactivates cyclo-
oxygenase activity, thereby inhibiting platelet activation
mediated by formation of thromboxane A2.

The effect of combined treatment with aspirin and
clopidogrel on platelet responsiveness to stimulation
has been investigated in two previous studies17,18.
Moshfegh et al.17 demonstrated a significant reduction in
ADP-stimulated P-selectin expression in patients taking
clopidogrel–aspirin who had sustained a myocardial
infarction, whereas Helft et al.18 observed a reduction in
ADP-stimulated fibrinogen binding in 20 patients with
either peripheral arterial or coronary heart disease.

In an earlier study the authors showed that platelet
activation levels at rest, measured in terms of P-selectin
expression and fibrinogen binding, were increased in
patients with peripheral arterial disease compared with
levels in healthy controls of a similar age, and that the
more severe the arterial disease the greater the degree
of platelet activation16. There is little doubt that platelet
activity plays an important part in the development of
cerebrovascular and cardiovascular acute events, and that
antiplatelet medication reduces these events as well as the
risk of death19. Patients with intermittent claudication are
at high risk of thrombo-occlusive events.

Combination treatment with aspirin and clopidogrel
has previously raised concerns over increased morbidity
related to bleeding complications. Data from the Clopi-
dogrel in Unstable angina to prevent Recurrent Events
(CURE) study showed that, compared with aspirin alone,
the combination of aspirin and clopidogrel resulted in a sig-
nificant increase in minor bleeding (5·1 versus 2·4 per cent;
P < 0·001), major bleeding (3·7 versus 2·7 per cent; P =
0·001) and in the need for blood transfusion (2·8 versus
2·2 per cent; P = 0·02)20. In the present study, there was
no increase in the rate of fatal bleeding, bleeding requiring
surgical intervention or haemorrhagic stroke in the com-
bination aspirin–clopidogrel group compared with that
in patients receiving aspirin alone. Further information
regarding the safety of combination antiplatelet treatment
comes from the Clopidogrel for the Reduction of Events
During Observation (CREDO) trial21, which showed that
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the risk of major bleeding was significantly higher with
aspirin and clopidogrel than with aspirin alone.

The present study provided evidence that combination
antiplatelet treatment significantly suppressed platelet
function both before and after endovascular intervention,
without jeopardizing safety. A further randomized study is
now required to investigate whether the observed platelet
suppression might translate into improved vessel patency
after angioplasty.
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