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In the management of acute coronary artery disease, as in the
words of the ancient Chinese proverb, we live in ‘interesting
times’. The rate of development of diagnostic techniques, of

improved pharmacological and interventional therapies and of
prognostic tools is unprecedented. No sooner have guidelines for
the management of acute coronary artery disease appeared in
print, or even in electronic format, than they require updating in
the light of the latest evidence.  In addition, educational, logistic
and financial challenges mean that clinical practice lags well
behind the evidence and consensus recommendations. Each
major advance in management requires careful consideration to
optimise benefit and minimise hazard. Thus, this series of articles
sets out to put the recent findings concerning the use of clopi-
dogrel into a wider clinical context, as part of the effort to bridge
the gap between evidence and practice.

The advent of more sensitive markers of myocardial damage
has led to a change in the diagnostic criteria for myocardial
infarction. This may be a scientific advance but it presents con-
ceptual and educational challenges. The reclassification will
increase the burden of myocardial infarction for healthcare
providers.

Greater diagnostic sensitivity has caused medical language to
change. Newer terms like ‘acute coronary syndromes’ and a
number of terms that are used interchangeably but which may
not be synonymous—such as non-ST elevation myocardial infarc-
tion (NSTEMI) and non-Q-wave myocardial infarction—are now
part of everyday parlance, but when we use such terms impre-
cisely they may cause confusion. 

The evidence base to guide doctors when and how best to
intervene with diagnostic angiography and revascularisation is
growing and demonstrating consistent findings. This challenges
the providers of cardiovascular medicine to provide sufficient
human, technical and financial resources to achieve the potential
gains in health benefit.

Changes in the requirements for caring for patients with
coronary artery disease have altered the roles of all those
involved in the delivery of care, irrespective of the locus of care.
Consequently, primary care physicians and nurses now play an
increasing role in the triage and management of these patients.
This widens the educational and quality control challenges to
ensure that standards are consistently high and to ensure that
relevant personnel receive appropriate training.

Advances in pharmacology have increased the number of
therapeutic options available but evidence about new drugs is
rarely absolute or complete, and the emergence of these agents
may present dilemmas for those who care for patients. The list of
effective agents grows longer and it is critical to identify those
agents that add to clinical benefit and those agents that have
been superseded or replaced. 

The emergence of guidelines can be helpful but too often
guidelines from different national and international sources have
caused confusion. There is a risk that ‘guideline overload’ may
lead to inertia. Fortunately, the recent American College of
Cardiology/American Heart Association (ACC/AHA) and
European Society of Cardiology (ESC) guidelines on the manage-
ment of acute coronary syndromes are concordant in most
aspects and they give simple, clear, evidence-based guidance.
Guidelines resolve some of the apparent or real dilemmas in
treatment options but they do not remove the need for clinical
judgement nor should they be used as thoughtless directives
insensitive to the needs of each individual patient.

Clopidogrel is a relatively new antiplatelet agent that has
already had widespread clinical experience in many parts of the
world. It has a large evidence base to support its deployment,
with more than 30,000 patients randomised in completed stud-
ies and a large number of studies already started or planned. This
emerging evidence base does not, however, answer all our ques-
tions about the role of clopidogrel in cardiovascular disease.

For this supplement we have assembled an expert faculty
from a range of professional backgrounds in order to focus on
some of the clinically relevant questions about clopidogrel. We
have attempted to provide clear evidence about where clopido-
grel might fit in these ‘exciting times’. 

Keith Fox
Professor of Cardiology

The Royal Infirmary of Edinburgh, 1 Lauriston Place,
Edinburgh, EH3 9YW.

(email: k.a.a.fox@ed.ac.uk)
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Abstract

Platelet-initiated thrombus plays a central role in the
pathogenesis of arterial thrombotic disease.
Platelets are activated by a range of physiological

agonists including thrombin, ADP, thromboxane and 
collagen, acting in co-operation. ADP, though a weak
agonist on its own, is important in enhancing platelet
activation induced by other agents. Activation results in
platelet adhesion, aggregation and degranulation 
leading to thrombus growth. Platelets also reinforce
thrombus formation through platelet-mediated 
thrombin generation and the release of PAI-1 that
inhibits fibrinolysis. Antiplatelet therapy is therefore of
potential benefit both prior to and during a thrombotic
episode. The commonly used antiplatelet drugs inhibit
specific, single pathways of platelet activation but have
overall benefit. Inhibition of intracellular activation
pathways can be achieved with aspirin (which inhibits
platelet cyclo-oxygenase) and dipyridamole (which
inhibits phosphodiesterase). Two related thienopyridine
derivatives, ticlopidine and clopidogrel, are specific
inhibitors of the P2Y12 ADP receptor. They have 
comparable pharmacological activity but clopidogrel has
a better safety profile. A number of potent glycoprotein
IIb/IIIa antagonists have been developed for therapeutic
use. They are effective in percutaneous coronary 
intervention, though data from primary stenting trials
are less positive. The recent update of the meta-analysis
of trials of antiplatelet therapy by the Antithrombotic
Trialists’ Collaboration has confirmed the benefit of
antiplatelet therapy in secondary prevention.

Key words: platelet biology and pathophysiology, plaque rup-
ture, thrombosis, antiplatelet drugs, ATTC study.

Introduction
It is well accepted that platelet-initiated thrombus plays a central
role in the pathogenesis of arterial thrombotic disease.1,2 With the

publication of the latest meta-analysis from the Antithrombotic
Trialists’ Collaboration (ATTC 2002)3 the importance of antiplatelet
therapy in secondary prevention in patients at high risk has been
confirmed. This article reviews our current understanding of the
role of platelets in arterial thrombosis, and the mechanism of
action of the commonly used antiplatelet drugs.

Platelets and arterial wall thrombosis  
Arterial disease is characterised by the formation of white, or
platelet-rich, thrombus at the site of damage to an atheroscle-
rotic plaque. Plaque rupture is estimated to account for 70–80%
of acute coronary thrombotic events, with plaque erosion
accounting for the majority of the rest.4 Occlusive thrombotic
events are predominantly associated with unstable plaques,
defined as type VI lesions.5 Such lesions are relatively acellular, are
full of extracellular lipid and denuded of fibrous collagen.4,6 They
are rich in prothrombotic tissue factor, predominantly in the form
of microparticles derived from apoptotic cells within the plaque.7

The content of such lesions has been shown to be particularly
thrombogenic after disruption.4,6,8
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Figure 1. The major platelet agonist and adhesion receptors
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Thus the resultant ‘gruel’ within the plaque contains a range
of potent prothrombotic factors, which on exposure to the cir-
culating blood cause an explosive thrombotic response.  Central
to this response are platelets, and their ability to adhere to the
vessel wall and promote mural thrombus under conditions of
high arterial flow/high wall shear rates. Platelet activation is
orchestrated by specific agonist and adhesion receptors on the
platelet surface (figure 1).  

Platelets adhere to von Willebrand factor (VWF) in the vessel
wall under high wall shear rates, via the glycoprotein (GP)Ibα
receptor.9 Locally released platelet agonists (e.g. thrombin, colla-
gen, adenosine diphosphate [ADP]), acting through specific
receptors, cause intracellular signalling events that ultimately
lead to a conformational change in the GPIIb-IIIa receptor com-
plex.10 This ‘final common pathway’ of platelet activation allows
the receptor to bind fibrinogen, resulting in platelet-platelet
aggregation, and so recruiting further platelets to the growing
thrombus. It is this interaction that is targeted by the various
classes of GPIIb/IIIa antagonists (table 1). Activated platelets
degranulate, releasing factors that potentiate the thrombotic
response, in particular ADP and serotonin (5-HT), from the dense
granules. Degranulation exposes α-granule P-selectin, which acts
as a primary adhesion molecule for leucocytes, serving to recruit
granulocytes and monocytes, which contribute inflammatory
factors, proteases and fibrinolytic inhibitors to the growing
thrombus. 

Platelets play other roles, too, in the generation and main-
tenance of thrombus. Platelet adhesion to collagen can induce
plasma membrane phospholipids to ‘flip’ to the outer surface
of the phospholipid bilayer, producing a negatively charged
surface for the formation of the tenase and prothrombinase
complexes.11 This leads to a local increase in thrombin genera-
tion, activating more platelets and promoting fibrin formation.
Platelet-rich thrombus is resistant to fibrinolysis, partly by virtue
of forming an impenetrable mass, but more specifically
because platelets secrete large amounts of plasminogen activa-
tor inhibitor-1 (PAI-1), which stabilises fibrin formed on the acti-
vated platelets.1,12

Thus platelets provide a reinforced loop in the generation of
a thrombus, providing a source of thrombin and other agonists
that recruit new platelets. These not only increase and strength-
en the thrombus mass, but increase the resistance to fibrinolysis.
The logical corollary is that inhibition of platelet activation prior
to the onset of a thrombotic event, as well as during a throm-
botic episode, should be beneficial.

Mechanisms of platelet activation
Platelets are activated by a number of physiological agonists,
each acting through specific receptors and signalling pathways,
but all producing the same end results of aggregation and
degranulation. With the exception of collagen all agonists act
through members of the G-protein-coupled, seven transmem-
brane domain receptor family, the majority of which give rise to
an IP3-dependent rise in intracellular calcium, predominantly
from intracellular stores. 

The platelet response to thrombin 
Thrombin activates platelets through PAR-1, which is the proto-
type member of the Protease Activated Receptor (PAR) family.13

Human platelets possess a second member of this family, PAR-4,
which is cleaved by trypsin and high-dose thrombin. PAR-1 and
PAR-4 signal the platelet through both Gq and Gi pathways, rais-
ing intracellular calcium (Ca2+) both through IP3-mediated release
of intracellular stores and through reduction of cAMP levels.13

Thrombin is a ‘strong’ platelet agonist, capable of producing full
aggregation and degranulation. To date no specific inhibitors of
the thrombin agonist receptors have been developed for clinical
use. Inhibition of this pathway of platelet activation has been
through thrombin inhibitors such as heparin, hirudin or newer
antithrombins.14

The platelet response to ADP
ADP is a ‘weak’ platelet agonist, capable of inducing platelet
adhesion and aggregation but by itself causing relatively little or
no degranulation.15 Two platelet ADP receptors have been
recently identified.16 Both are G-protein coupled receptors
belonging to the P2Y family of purinoceptors. P2Y1 is a Gq-cou-
pled receptor that induces platelet shape change via a PLCβ-
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Table 1. Antiplatelet agents 

GP IIb/IIIa receptor antagonists
Humanised murine monoclonal abciximab (ReoPro, c7E3)
antibodies

Synthetic peptides Integrilin

Non-peptide derivatives Lamifiban
Tirofiban

Orally active agents Xemilofiban
Orbofiban

Thromboxane pathway inhibitors
COX-1 inhibitors Aspirin

Sulfinpyrazone
Indobufene

Thromboxane synthase inhibitors Dazoxiben

Thromboxane receptor antagonists GR32191
Sulotroban

Combined thromboxane synthase/ Ridogrel
thromboxane receptor inhibitors Picotamide

Phosphodiesterase inhibitors Dipyridamole
Cilostazol

ADP receptor antagonists
P2Y12 antagonists:
Thienopyridines Ticlopidine

Clopidogrel

Adenosine analogues AR-C69931MX

P2Y1 antagonists:
Adenosine analogues A2P5P/A3P5P/A3P5PS

MRS2279/MRS2179
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mediated elevation in intracellular free Ca2+ from intracellular
stores. The P2Y12 receptor is a Gi-linked receptor responsible for
a sustained aggregation response, by inhibiting adenylate
cyclase, thus decreasing levels of cAMP inside the platelet. It
seems that P2Y1 is the primary receptor that initiates the
response to ADP whilst the P2Y12 receptor augments the
response to ADP and to low levels of other agonists.16,17 Platelets
also carry a P2X1 receptor, which is an ATP-gated ion channel
responsible for the rapid influx of calcium into platelets stimulat-
ed with ADP.16 Whilst ADP is a relatively weak agonist on its own
it is recognised to be an important co-factor for platelet activation
induced by other agonists such as thrombin and collagen,16-18

which release ADP from platelet-dense granules that feeds back
onto the P2Y receptors. 

The thienopyridine drugs ticlopidine and clopidogrel are spe-
cific inhibitors of the P2Y12 ADP receptor. Synthetic ADP receptor
antagonists have also been developed: one of these, AR-
C69931MX, has a favourable pharmacological profile, with good
separation between its antiplatelet effects and its effect on
bleeding time, and has been used in preliminary trials (table 1).19

The platelet response to thromboxane
Thromboxane is generated within platelets through the stimula-
tion of phospholipase A2 (PLA2), which is itself generated in
response to stimulation by other agonists. PLA2 releases arachi-
donic acid (AA) from membrane phospholipids, which is rapidly
transformed in platelets by cyclo-oxygenase-1 (COX-1), first to
the unstable endoperoxides PGG2 and PGH2, and then convert-
ed to thromboxane A2 (TxA2) by thromboxane synthase. TxA2

released from the platelet can then act at close range on throm-
boxane receptors (TP) on platelets and other vascular cells. The
effects of thromboxane are most evident in the response to ADP
and other weak agonists, where it induces full activation and
degranulation. Strong agonists such as thrombin, although gen-
erating TxA2, do not require thromboxane to exert their full effect. 

Aspirin is the main drug used to inhibit this pathway
although a number of other inhibitors of COX-1 and thrombox-
ane synthase and antagonists of the thromboxane receptor have
been used as antiplatelet agents (table 1).20

The platelet response to collagen
Several collagen receptors have been described in platelets but
from recent evidence it is now clear that the main collagen recep-
tors are the integrin α2β1, which serves as the primary adhesive
receptor for collagen, and GPVI, which principally mediates sig-
nalling.21 GPVI is unique amongst the platelet agonist receptors in
that it is a member of the immunoglobin superfamily of mem-
brane receptors, associated with the Fc-gamma receptor, FcRγIIa.
No antiplatelet agents targeting GPVI have yet been developed.

Combined agonist effects
While each of the platelet agonists has its unique receptor-medi-
ated signalling pathway, there is considerable interdependence
between them. ADP and 5-HT are released on degranulation;
thromboxane is synthesised, and thrombin can be generated.

Against this picture of agonist co-operation, inhibition of
platelets by targeting specific pathways of activation is effective
in reducing the overall platelet response.  However, the downside
of effective platelet inhibition is that adequate haemostasis must
be maintained to prevent bleeding. This balance is an important
consideration for effective antiplatelet strategies.

Antiplatelet agents
The sites of action of the main antiplatelet drugs used in patients
at high risk of arterial thrombotic disease are shown in figure 2.
Although there are many pathways of platelet activation, rela-
tively few have been exploited for antiplatelet therapy. Of the
commonly used antiplatelet agents only the GPIIb/IIIa antagonists
have been specifically developed as antiplatelet agents, while the
antiplatelet effects of aspirin and the thienopyridine drugs ticlo-
pidine and clopidogrel were serendipitous findings. 

Inhibition of intracellular activation pathways
Aspirin  
Aspirin is a potent inhibitor of platelet cyclo-oxygenase, capable
of complete prevention of the conversion of arachidonic acid to
TxA2.20 It reacts with the cyclo-oxygenase binding site of COX-1
to cause selective and irreversible acetylation of serine reside
529. Because platelets lack the ability to synthesise COX-1 de
novo, the effects of aspirin last for the life of the platelet (8–10
days). Aspirin has been available for over a hundred years and is,
for most patients, the agent of choice for first-line therapy.  It has
proven antiplatelet efficacy, is generally well tolerated, and its
antiplatelet affects are achieved with doses that avoid many of
the problems associated with its use as an anti-inflammatory
agent.  The effects of aspirin are cumulative so that on repeated

Figure 2. The sites of action of the main antiplatelet drugs used in 
patients at high risk of arterial thrombotic disease
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low-dose administration more than 95% of platelet COX-1 activ-
ity is suppressed after seven days’ treatment. 

During the 1980s there was considerable debate concerning
the ‘correct’ dose of aspirin since at high doses it inhibits the
COX-2 in vascular endothelial cells, leading to a reduction in the
release of the platelet inhibitory factor, prostacyclin (PGI2) from
the vessel wall. Doses of around 100 mg were found to inhibit
production of TxA2 in platelets whilst preserving prostacyclin
generation by the endothelium. The minimum effective dose for
aspirin, taken from evidence from secondary prevention studies,
is in the order of 75 mg per day for patients at risk of arterio-
thrombotic events and 160 mg/day for treatment of acute
myocardial infarction.20

Aspirin has proven efficacy in reducing thrombotic events in
groups of patients,3,22 has  the distinct advantage of low cost and
may provide additional anti-inflammatory effects. It is in many
ways surprising that aspirin is so effective as it is relatively inef-
fective against strong agonists like thrombin. Additionally, in a
significant subset of patients aspirin is contraindicated because
of bleeding problems in patients with haemostatic defects or on
anticoagulant therapy. However, the data from the recent
Antithrombotic Trialists’ Collaboration indicate that in patients
with myocardial infarction the risk of major bleeding (i.e. requir-
ing transfusion) is approximately 100 times less than the benefit
in terms of prevention of a thrombotic risk.3 ‘Aspirin resistance’
has been reported both in patients on long-term aspirin thera-
py21,23,24 and as a short-term effect following coronary artery
bypass surgery.23 The mechanism for this apparent loss of
inhibitory effects of aspirin is unclear but possible candidates
include COX-223 or 12-HETE.24

Dipyridamole
Of the phosphodiesterase inhibitors (table 1), dipyridamole is the
most widely used. This drug is a weak antiplatelet agent that acts
to prevent the conversion of cyclic AMP (cAMP) to inactive 5’AMP.
Since cAMP inhibits the release of calcium from intracellular stores
in the platelet, this has the effect of inhibiting platelet activation
and secretion. The antiplatelet effect of dipyridamole is hard to
demonstrate in vitro but it has shown a significant benefit in sec-
ondary stroke prevention, especially in combination with aspirin.

ADP receptor inhibitors
Thienopyridines
The two related thienopyridine derivatives, ticlopidine and clopi-
dogrel are specific inhibitors of the P2Y12 ADP receptor.16,25,26 They
have identical pharmacological profiles but different pharmaco-
kinetics.26 Both drugs are inactive until metabolised in the liver.
Metabolites of ticlopidine appear in the circulation three hours
after treatment but three days are required for the antiplatelet
effect to be seen.20,26 Side effects from ticlopidine, such as neu-
tropenia (<0.45 x 109/L in 0.9% patients) and thrombocytopenia
are seen in a significant number of patients as well as rash
(5%–10%) and diarrhoea (15%). Although these are reversible
on discontinuation of the drug, these side effects have inhibited
the use of ticlopidine in long-term, prophylactic therapy. 

A number of clinical studies have demonstrated long-term
benefit with ticlopidine, over and above the benefits of aspirin,
in patients with cerebrovascular ischaemic disease.27,28 In patients
with unstable angina ticlopidine reduced the combined end
point of vascular death and non-fatal myocardial infarct by 46%
compared to the placebo group.29 It also performed well against
oral anticoagulant regimes in patients undergoing intracoronary
stenting,30 and this has been borne out in the ISAR, FANTASTIC,
STARS and MATTIS trials.31

Clopidogrel is a closely related compound that has been
developed to replace ticlopidine: it lacks many of the adverse
effects of the latter drug on the bone marrow and the gas-
trointestinal (GI) system. Clopidogrel has comparable pharma-
cological activity to ticlopidine and a better safety profile.26,32

The S-enantomer of clopidogrel is rapidly metabolised in the
liver to form an active metabolite, which has recently been
described.33 Full antiplatelet effect is achieved after either four
days on 75 mg/day or within three hours following a loading
dose of 300 mg clopidogrel. In the CLASSICS study clopidogrel,
in combination with aspirin, gave significant benefit in patients
undergoing intracoronary stenting.34 Because of its better safe-
ty profile clopidogrel is being used in the long-term treatment
in patients at risk of thrombotic events. The CAPRIE study of
19,185 patients with atherosclerotic cardiovascular or periph-
eral vascular disease, randomised to receive either clopidogrel
(75 mg) or aspirin, showed a small but significant reduction in
the combined end point in the clopidogrel group over the
three-year follow-up, and the incidence of significant neu-
tropenia was similar in both groups.35

One issue that will emerge is the relative benefits of com-
bined therapy with clopidogrel and aspirin for long-term thera-
py. The combination of aspirin and a thienopyridine shows a
greater effect on platelet function than either drug on its
own,26,36 but can increase the bleeding time.36 The data from
CLASSICS showed that combined short-term therapy gave no
increase in bleeding complications over aspirin alone.34 The CURE
study of long-term therapy with clopidogrel plus aspirin in
patients with non-ST elevation ACS showed a 1% actual
increase in major bleeding.37

GPIIb/IIIa antagonists
Regardless of the mechanism of activation, the final common
pathway for platelet activation is the aggregation of platelets
through fibrinogen bound to GPIIb-IIIa via the RGD (arginine-
glycine-alanine) sequence in the fibrinogen α-chain. A number
of potent GPIIb/IIIa antagonists have been developed for thera-
peutic use (table 1).38 Abciximab (c7E3 or ReoPro) is a ‘human-
ised’ Fab fragment of the 7E3 mouse monoclonal antibody; epti-
fibatide (Integrilin) is a synthetic heptapeptide modelled on the
binding site for a snake venom ‘disintegrin’ that prevents fib-
rinogen binding to GPIIb/IIIa; while tirofiban (Aggrastat) is a syn-
thetic small molecule RGD peptide mimetic. The appreciation of
the potential benefits of long-term antiplatelet therapy has led to
the development of orally active, small molecular weight, non-
peptide agents with short plasma half-lives (table 1).38
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Because GPIIb/IIIa antagonists block platelet aggregation they
are capable of producing a ‘thrombasthenic state’ with the asso-
ciated risk of bleeding. To prevent this, dosing is designed to give
<100% receptor occupancy so that some residual platelet func-
tion remains. In the case of a severe bleed, the presence of a
GPIIb/IIIa antagonist in the circulation presents a potential prob-
lem which is proportional to the strength of binding of the drug
to its receptor and its plasma half-life. Although they are effec-
tive inhibitors of platelet aggregation, the GPIIb/IIIa antagonists
have little effect on platelet degranulation. This can result in acti-
vated platelets in the circulation that express P-selectin, which
can bind to leucocytes. Conversely, GPIIb/IIIa antagonists may
have a beneficial antithrombotic effect over and above the pre-
vention of platelet aggregation, since they can reduce platelet-
mediated thrombin generation by inhibiting the ‘outside-in’ sig-
nalling that occurs when fibrinogen binds to GPIIb/IIIa.39 The
newer, synthetic GPIIb/IIIa antagonists were designed to be spe-
cific for platelet GPIIb/IIIa (αIIbβ3) but abciximab also binds to the
vitronectin receptor (αvβ3) present on platelets, smooth muscle
cells and leucocytes and it has been suggested that this may pro-
duce additional anti-restenotic, anti-atherosclerotic and anti-
inflammatory benefits by inhibiting smooth muscle cell prolifera-
tion and monocyte recruitment.

The intravenous use of GPIIb/IIIa antagonists has been shown
to be effective in patients undergoing percutaneous coronary
intervention (PCI).30,40,41 Abciximab has been evaluated in the
EPIC, CAPTURE, IMPACT-II and RESTORE trials, with an overall
positive outcome, and is approved for use in percutaneous revas-
cularisation. Data from primary stenting trials have been less
promising. Whilst there was a reduction in the primary end point
with abciximab in the ADMIRAL trial, RAPPORT and CADILLAC
saw no benefit with abciximab, and there was an increased inci-
dence of  bleeding in the abciximab-treated groups in RAPPORT
and ADMIRAL.30,40,41 The data from GUSTO-IV42 have thrown into
some doubt the benefit of using abciximab in patients with acute
coronary syndromes, without PCI. Longer-term studies of
tirofiban and the orally active agents lamifiban and eptifibatide
in patients with non-ST elevation acute coronary syndromes
(PRISM, PRISM-PLUS, PARAGON A and B and PURSUIT) gave an
overall benefit in the groups treated with the GPIIb/IIIa antago-
nists. However, secondary prevention trials with orally active
agents (SYMPHONY, 2nd SYMPHONY, OPUS TIMI-16 and EXCITE
trials) have been fairly disappointing, with no overall antithrom-
botic benefit and increased bleeding.30,40,41

The issue of combined therapy with IIb/IIIa antagonists and
other antiplatelet or antithrombotic agents is important. Overall
the results of recent trials have resulted in a diminished enthusi-
asm for the IIb/IIIa antagonists. It is to be hoped that research will
continue  to refine the treatment strategies, in particular in rela-
tion to combination therapy.

The Antithrombotic Trialists’ Collaboration 
meta-analysis
The recent update of the meta-analysis of trials of antiplatelet
therapy by the Antithrombotic Trialists’ Collaboration (ATTC)3 has

confirmed the overall benefit of antiplatelet therapy in secondary
prevention. The investigators studied data from 195 randomised,
case-controlled trials involving 135,640 patients in which aspirin
was compared with a placebo control, and 166 trials (81,731
patients) in which another antiplatelet drug was used. The analy-
sis was limited to randomised trials of 200 patients or more,
unconfounded by other variables. The primary end points were
‘serious vascular events’ – fatal and non-fatal MI and fatal and
non-fatal stroke. Deaths from unknown causes were included on
the likelihood that they would be due to a vascular event. The
analysis investigated all eligible trials that were completed before
September 1997, so many of the more recent trials with
thienopyridines and GPIIb/IIIa antagonists were not included.

There was a highly significant overall benefit of antiplatelet
therapy compared to placebo with an odds reduction (OR) of
22% (p<0.0001). The greatest benefit was seen in patients treat-
ed for acute MI (OR 30%; p<0.0001; mean treatment period
one month) and for secondary prevention following MI (OR
25%; p<0.0001; mean treatment duration 27 months).
Antiplatelet therapy was also effective in secondary stroke pre-
vention (OR 22%; p<0.0001; mean treatment duration 29
months) but was less effective in preventing thrombotic events in
acute stroke (OR 11%; p=0.0009). Among high-risk patients
highly significant benefits were seen in unstable angina (OR
46%), coronary angioplasty (OR 53%) and stable angina (OR
33%). Aspirin was the major antiplatelet agent used, either in
studies of single agents (65 trials), or against another antiplatelet
agent (27 trials). There was no significant effect of aspirin dose.
A total of 101 trials in which an alternative antiplatelet agent
was used were analysed. Overall analysis showed no clear advan-
tage but the CAPRIE trial, which was the only trial included with
a head-to-head comparison of clopidogrel versus aspirin (19,185
patients), showed a modest benefit of clopidogrel over aspirin
(OR 10%; p=0.03). 

Conclusions
The results of the ATTC confirm the positive benefits of
antiplatelet therapy for secondary prevention of arterial throm-
bosis in high-risk patients. Aspirin remains an ideal first-line

Key messages

� Effective antiplatelet strategies must balance platelet
inhibition with maintenance of haemostasis

� Aspirin is for most patients the agent of choice for first-
line therapy, and is surprisingly effective

� Secondary prevention trials with orally active GP IIb/IIIa
antagonists have been fairly disappointing

� Results of the ATTC meta-analysis confirm the positive
benefits of antiplatelet therapy for secondary prevention
of arterial thrombosis in high-risk patients
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agent and a low dose (75–150 mg) is as effective as a high dose
(150–1,500 mg). Of the newer antiplatelet agents clopidogrel
offers some therapeutic benefit over aspirin, with less risk of
bleeding than the GPIIb/IIIa antagonists. It remains to be seen
whether combined therapy with two antiplatelet agents target-
ing different pathways of platelet activation, or with combined
antiplatelet and antithrombotic drugs, can achieve the necessary
therapeutic balance, improving thrombotic outcome without
increasing the risk of bleeding.  
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Abstract

Platelets play a central role in both acute 
coronary syndromes and the ischaemic 
complications following percutaneous coronary

intervention (PCI). Aspirin is a relatively weak
antiplatelet agent and only inhibits one of many 
pathways leading to platelet activation. The 
thienopyridines, ticlopidine and clopidogrel inhibit
platelet activation via the adenosine diphosphate (ADP)
pathway. 

Ticlopidine, the first generation thienopyridine, is
effective in reducing cardiovascular events but is 
associated with serious haematological toxicity that has
limited its use. Clopidogrel, the second generation
thienopyridine has improved tolerability and safety. The
CAPRIE trial demonstrated that treatment with 
clopidogrel in patients with vascular disease is 
associated with a modest reduction in vascular events
when compared to aspirin therapy. The CURE trial found
that the addition of clopidogrel to aspirin in patients
with non-ST segment elevation acute coronary 
syndromes resulted in a 20% relative risk reduction in
the combined end point of cardiovascular death,
myocardial infarction or stroke. This benefit was at the
cost of a 1% increase in major bleeding. In addition the
combination of clopidogrel and aspirin is effective in
preventing periprocedural ischaemic events in patients
undergoing PCI.

Key words: clopidogrel, ticlopidine, platelets, acute coronary
syndromes, percutaneous coronary intervention.

Introduction
Platelet activation, aggregation and thrombus formation are key
events in the pathogenesis of both acute coronary syndromes
(ACS) and ischaemic complications following percutaneous coro-
nary intervention (PCI). In addition to their role in thrombus for-
mation, activated platelets are a rich source of cytokines,

chemokines and growth factors and have important proinflam-
matory activity.1,2 Treatment with aspirin has been shown to be of
substantial benefit in a wide range of patients with vascular dis-
ease. Aspirin treatment markedly reduces the risk of future
adverse vascular events among patients with acute myocardial
infarction (27% reduction, p<0.001), unstable angina (46%
reduction, p<0.0001), stable angina (33% reduction, p=0.0004)
and patients undergoing coronary angioplasty (53% reduction,
p<0.0002).3

Despite the remarkable success of aspirin, patients with car-
diovascular disease remain at a substantial risk of future
ischaemic events. Based upon data from the international
GRACE registry, patients with non-ST elevation ACS experience
an 8–13% risk of death, a 1.5–3% risk of stroke and a 30% risk
of rehospitalisation within six months of presentation, despite
treatment with aspirin in more than 90%.4 This is not surprising
as aspirin is a relatively weak antiplatelet agent which only
inhibits one of the many pathways involved in platelet activation
and aggregation. In addition, previous studies have estimated
that 8 to 45% of the population are ‘resistant’ to the effects of
aspirin.5

There has been intense interest in the combination of aspirin
with other antiplatelet agents in an attempt to improve further
outcomes in patients with cardiovascular disease. One of the first
combinations to be studied was dipyridamole and aspirin.
Unfortunately, the results have been disappointing. A meta-
analysis of 25 trials comparing the combination of dipyridamole
and aspirin to aspirin alone, found that the addition of dipyri-
damole was only associated with a non-significant 6% reduction
in serious vascular events.3

The use of intravenous glycoprotein (GP) IIb/IIIa antagonists in
PCI is of substantial benefit in reducing periprocedural ischaemic
complications. However, the use of these agents in non-ST ele-
vation acute coronary syndromes has been less successful. Trial
results have been mixed and meta-analysis suggests that overall
their addition to aspirin is of modest benefit.6 The advent of oral-
ly active GP IIb/IIIa antagonists provided the opportunity to test
the effect of long-term GP IIb/IIIa inhibition in the secondary pre-
vention of coronary disease. Unfortunately, mortality was
increased in all five of the trials with oral GP IIb/IIIa antagonists
and a combined analysis revealed a 35% relative increase in the
risk of death. 

The thienopyridines, ticlopidine and clopidogrel inhibit
platelet activation via the adenosine diphosphate (ADP) pathway.
Experience with these agents to date suggests that they may
provide an effective alternative or supplement to aspirin therapy.

Clopidogrel in coronary artery disease
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We review the current and future potential role of ADP blockade
in coronary artery disease. For details of the trial acronyms used
in this article, see table 1.

The thienopyridines – pharmacology
The thienopyridines, ticlopidine and clopidogrel inhibit platelet
activation via the ADP pathway. Both of these drugs are
metabolised by the hepatic cytochrome P450-1A enzyme system
and it is their active metabolites that exert the major antiplatelet
effect by binding to the ADP PY12 receptor.7 Both drugs are
rapidly and well absorbed after an oral dose. The bioavailability
of these drugs is not affected by food but may be decreased by
antacids. 

Dosing of ticlopidine and clopidogrel is based on ex vivo
platelet aggregation studies. A maximum anti-aggregatory effect
is achieved with 250 mg ticlopidine twice daily and 75 mg clopi-
dogrel once daily. Maximal inhibition of platelet aggregation is
only achieved after 3–5 days with ticlopidine 250 mg twice daily
and after 4–7 days with clopidogrel 75 mg daily.8 For this reason,
in situations where it is desirable to achieve rapid platelet inhibi-
tion a loading dose is recommended. Although a loading dose of
300 mg clopidogrel is suggested, recent studies have demon-
strated that loading doses of 450–600 mg result in more rapid
platelet inhibition.9,10 The thienopyridines irreversibly inhibit ADP-
mediated platelet responses. Therefore, the inhibitory effects of
clopidogrel are terminated by the production of new platelets;
platelet function takes approximately seven days to return to pre-
treatment levels.11

Ticlopidine has uncommon (0.5–3.0%) but very serious
haematological toxicity, including neutropenia (1–2.5%), throm-
bocytopenia, thrombotic thrombocytopenia purpura and (very
rarely) aplastic anaemia.12 Complete blood counts are recom-
mended every two weeks during the first three months of ther-
apy. Gastrointestinal side effects and rash are common, and
require discontinuation of ticlopidine in 10% of patients.13

Clopidogrel has a significantly better safety profile. Rash and
diarrhoea occur, but are infrequent. Clopidogrel has been asso-
ciated with gastrointestinal upset and bleeding, but at lower
rates than those observed with aspirin.14 Recently, there have
been a number of reports associating clopidogrel with throm-
botic thrombocytopenia purpura, neutropenia and aplastic
anaemia.15-18 These case reports must be put into perspective: to
date more than 17,000 patients have been treated with clopido-
grel in major randomised controlled trials (table 2) but an
increased incidence of thrombocytopenia or neutropenia has not
been noted. This suggests that if clopidogrel does cause serious
haematological toxicity, it must be very rare.

Ticlopidine  
Ticlopidine was the first generation ADP antagonist. A decade
ago several randomised trials demonstrated that treatment with
ticlopidine, when compared to placebo, markedly reduced the
rate of adverse cardiovascular events in patients with recent
stroke, intermittent claudication or unstable angina.19-21

Furthermore, the TASS study demonstrated that ticlopidine when
compared to aspirin was associated with a 12% relative risk
reduction in the combined end point of all-cause mortality and
non-fatal stroke and a 21% reduction in stroke in patients with
recent transient ischaemic attack or minor stroke.22 Several trials
in the mid-1990s (STARS, ISAR, FANTASTIC, MATTIS) clearly
demonstrated the superiority of the combination of aspirin and
ticlopidine over the combination of aspirin and warfarin in reduc-
ing ischaemic and haemorrhagic complications after stenting.23-26

As a result, the combination of aspirin and ticlopidine became
the standard antithrombotic therapy following percutaneous
coronary intervention with stent placement. The major drawback
of ticlopidine therapy is its side-effect profile.

Clopidogrel – clinical trials in coronary artery disease
The CAPRIE trial14 compared the use of clopidogrel 75 mg daily to
aspirin 325 mg daily for the prevention of subsequent cardiovas-
cular events in patients with recent ischaemic stroke, recent
myocardial infarction or symptomatic peripheral arterial disease.
Treatment with clopidogrel was associated with a modest reduc-
tion in the primary end point, a composite of ischaemic stroke,
myocardial infarction (MI) or vascular death (relative risk reduction
8.7%; 95% confidence interval 0.3–16.5%; p=0.043). Subgroup
analysis suggested that the majority of this additional benefit was
seen in the group of patients with peripheral vascular disease.

Despite advances in the treatment of acute coronary syn-
dromes, patients with non-ST elevation ACS remain at consider-
able risk of further adverse cardiovascular events. The CURE trial27

was designed to determine whether the addition of clopidogrel to

Table 1. Trial acronyms

CAPRIE Clopidogrel versus Aspirin in Patients at Risk of Ischaemic 
Events

CLASSICS CLopidogrel ASpirin Stent International Cooperative Study

CREDO Clopidogrel for Reduction of Events During Observation

CURE Clopidogrel in Unstable angina to prevent Recurrent Events

FANTASTIC Full ANTicoagulation versus ASpirin and TIClopidine

FRISC Fragmin and Fast Revascularisation during InStability in 
Coronary artery disease

GUSTO Global Use of Strategies To open Occluded coronary arteries

GRACE Global Registry of Acute Coronary Events

ISAR Intracoronary Stenting and Antithrombotic Regimen trial

MATTIS Multicenter Aspirin and Ticlopidine Trial after Intracoronary 
Stenting

PRISM Platelet Receptor Inhibition in ischemic Syndrome 
Management

PURSUIT Platelet glycoprotein IIb/IIIa in Unstable angina: Receptor 
Suppression Using Integrilin Therapy

STARS Stent Anti-Thrombotic Regimen Study

TASS Ticlopidine Aspirin Stroke Study

TOPPS Ticlid Or Plavix Post Stent
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aspirin would lead to a further reduction in ischaemic complica-
tions in patients with non-ST elevation ACS. The study was per-
formed principally in centres where revascularisation was
ischaemia-driven rather than routine. Nevertheless, 36% of
patients underwent revascularisation during the course of the
study, a frequency similar to that seen in PURSUIT, PRISM, GUSTO
IV and the GRACE registry.4,28-30 The use of GP IIb/IIIa antagonists
was discouraged except in patients with refractory ischaemia and
during PCI. 

The trial randomised 12,562 patients to clopidogrel (300 mg
loading dose followed by 75 mg daily) or placebo in addition to
aspirin (75–325 mg daily) for a mean duration of nine months.
The primary end point, a composite of cardiovascular death, non-
fatal MI or stroke, was significantly reduced in the clopidogrel
group (relative risk 0.80; 95% confidence interval 0.72–0.90;
p<0.001). Benefit was seen as early as the first day of treatment.
The reduction in the primary end point was mainly driven by a
23% reduction in MI, from 6.7 to 5.3%. There was a non-signifi-
cant trend towards a reduction in cardiovascular death and
ischaemic stroke. In addition, refractory ischaemia, revascularisa-
tion procedures, use of GP IIb/IIIa antagonists and congestive heart
failure were all reduced in the clopidogrel group. The clinical effect
was consistent across conventional subgroups and occurred irre-
spective of revascularisation. 

The addition of clopidogrel to aspirin in CURE was associated
with a 1% excess of major bleeding (3.7% vs. 2.7%; relative risk
1.38; 95% confidence interval 1.13–1.67; p=0.001). There was
no significant increase in life-threatening bleeding, bleeding
requiring surgical intervention or haemorrhagic stroke. Overall,
there was no significant increase in major bleeding episodes in the
2,072 patients who underwent coronary artery bypass grafting

(CABG) (1.3% vs. 1.1%; relative risk 1.26; 95% confidence inter-
val 0.93–1.71). However, in the majority of patients study med-
ication was stopped prior to CABG. Further analysis revealed a
strong trend towards increased bleeding in those treated with
clopidogrel within five days of CABG  (clopidogrel 7.8% vs. place-
bo 5%; relative risk 1.55; 95% confidence interval 0.93–2.57). By
contrast, there was no evidence of increased bleeding in patients
discontinuing clopidogrel more than five days prior to CABG.31

Recently, two observational trials have also found that treat-
ment with clopidogrel within a week of CABG is associated with
increased bleeding. In these studies there was a 7–10-fold increase
in reoperation for bleeding and higher transfusion require-
ments.32,33 Therefore the available evidence suggests that, where
possible, clopidogrel should be stopped at least five days prior to
surgery. Patients who are unstable and awaiting in-hospital CABG
may benefit from short-term replacement of clopidogrel with a
small molecule GP IIb/IIIa antagonist as these agents can be safely
continued up to two hours prior to surgery and have been shown
to reduce MI in this setting. 

It is clear from the CURE trial that patients with unstable angi-
na benefit from treatment with clopidogrel in addition to aspirin.
On the basis of this study the Federal Drug Authority in the US
and, very recently, the European Medicines Evaluation Agency
have licensed clopidogrel for use in unstable angina. What is not
clear is the optimal duration of treatment. The most secure data
are derived from the trial as a whole. Overall, CURE demonstrated
that treating patients for a mean duration of nine months follow-
ing a non-ST elevation ACS was associated with a 20% relative
risk reduction of vascular death, MI or stroke. Patients are at the
greatest risk of subsequent adverse ischaemic events in the first
few months following their admission with non-ST elevation ACS.

Table 2. Major randomised controlled trials of clopidogrel in coronary artery disease

Study Clinical setting Treatment Efficacy end point Safety end point

CAPRIE14 Patients with recent MI, Clopidogrel vs. aspirin Vascular death, MI or ischaemic Any bleeding disorder (9.3% vs. 9.3%;
(n=19,185) recent stroke or stroke (5.3% vs. 5.8%; p=0.04) p=NS)

symptomatic PVD

CURE27 Non-ST elevation ACS Clopidogrel + aspirin vs. aspirin Cardiovascular death, MI or Major bleeding (3.7% vs. 2.7%; 
(n=12,562) stroke (9.3% vs. 11.4%; p=0.001)

p<0.001)

Muller et al.34 Post coronary stenting Clopidogrel + aspirin vs. Cardiac death, MI, urgent Non-cardiac death, stroke,
(n=700) ticlopidine + aspirin revascularisation or stent haemorrhagic event or adverse event

thrombosis (3.1% vs. 1.7%; resulting in early drug discontinuation
p=NS) (4.5% vs. 9.6%; p=0.01)

CLASSICS35 Post coronary stenting Clopidogrel loading (300 mg) Cardiac death, MI or emergency Major bleeding or vascular
(n=1,020) followed by 75 mg/day + target lesion revascularisation complications, neutropenia,

aspirin vs. clopidogrel (75 mg/ (1.2% vs. 1.5% vs. 0.9%; p=NS) thrombocytopenia or early drug
day) + aspirin vs. ticlopidine + discontinuation (4.6% vs. 9.1%;
aspirin p<0.005)

TOPPS36 Post coronary stenting Clopidogrel + aspirin vs. Cardiac death, MI or target Failure to complete 14 days of
(n = 1,016) ticlopidine + aspirin lesion revascularisation allocated treatment (1.6% vs. 3.6%;

(3.9% vs. 4.6%; p=NS) p=0.04)
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Therefore one would expect the greatest absolute benefit from
treatment with clopidogrel during this time period. Examination of
the cumulative hazard curves for the primary end point reveals
that the greatest divergence of the curves occurs during the first
three months of treatment, indicating a greater absolute benefit
during this time period. Analysis of the treatment effect of clopi-
dogrel < 30 days and > 30 days after randomisation revealed that
the addition of clopidogrel to aspirin in the first 30 days after ran-
domisation prevented 12 adverse events per 1,000 patients
(p=0.002) at the cost of three major bleeds (p=0.10) whereas
treatment from 30 days to nine months prevented 10 events per
1,000 patients at the cost of one major bleed. This suggests that
the benefit is comparable in both treatment phases, but a similar
analysis of the benefit before three months and after three
months has not been conducted.

Clopidogrel – clinical trials in percutaneous coronary
intervention
There have been three major randomised trials (Muller et al.,
CLASSICS and TOPPS) comparing the use of clopidogrel to ticlo-
pidine post coronary stenting.34-36 All three of these studies
demonstrated that clopidogrel and ticlopidine were equally
effective in reducing acute stent thrombosis and other adverse
cardiac events. However, the tolerability and side-effect profile of
clopidogrel in these studies was significantly better than that of
ticlopidine. Clopidogrel in combination with aspirin is now estab-
lished as the antithrombotic treatment regimen of choice post
stenting.   

PCI-CURE37 was a prospectively designed observational study
looking at the 2,658 patients in the CURE study who underwent
PCI in response to refractory symptoms or adverse events. PCI-
CURE aimed to determine whether pre-treatment with clopidogrel
followed by long-term therapy was superior to a strategy of no
pre-treatment and short-term therapy for only four weeks follow-
ing PCI. PCI was performed during the initial hospital admission in
two thirds of the patients; overall there was a median of 10 days
before PCI was performed. About a quarter of patients in each
group received open-label pre-treatment with a thienopyridine
before PCI and most patients (> 80%) in both groups received an
open-label thienopyridine for about four weeks, after which the
study drug was restarted for a mean of seven months. 

The primary end point, a composite of cardiovascular death,
MI or urgent target vessel revascularisation 30 days following
PCI, was significantly reduced in patients treated with clopidogrel
(4.5% vs. 6.4%; relative risk 0.70; p=0.03). The benefit of clopi-
dogrel was clearly apparent during pre-treatment prior to PCI,
with significantly fewer patients in the clopidogrel group experi-
encing a MI (3.6% vs. 5.1%; relative risk 0.68; p=0.04).
Treatment with clopidogrel between 30 days following PCI and
the end of follow-up resulted in a risk reduction similar to that
seen in the CURE trial overall (relative risk 0.79; 95% CI
0.53–1.20) but this was not statistically significant.

Further evidence that loading with clopidogrel prior to PCI is
of benefit comes from an observational study performed by
Berglund et al.38 This study of 1,430 patients compared the effect

of pre-treatment with clopidogrel and aspirin on the day prior to
PCI with pre-treatment with aspirin alone. Pre-treatment with
clopidogrel reduced MI (7.2% vs. 4.4%; p=0.24) and the need
for percutaneous reintervention (1.2% vs. 0.3%; p=0.039). The
CREDO study is an ongoing randomised trial of more than 2,000
patients designed specifically to look at the efficacy of clopido-
grel loading. It will provide further information on the effect of
pre-loading prior to PCI.

Conclusions
The thienopyridines, and in particular clopidogrel, represent a
major advance in antiplatelet therapy. Clopidogrel is an effective
alternative to aspirin treatment in patients with cardiovascular
disease who have contraindications to aspirin therapy. The CURE
trial has provided evidence that addition of clopidogrel to aspirin
in patients with non-ST elevation ACS is of benefit, despite a
small increase in major bleeding. The optimal duration of thera-
py in this setting has yet to be defined but evidence from CURE
suggests that patients will benefit from nine months’ therapy.
Whether there is a role for clopidogrel in the treatment of acute
ST-elevation coronary syndromes is unknown. The Clopidogrel
and Metoprolol in Myocardial Infarction Trial/Second Chinese
Cardiac Study and CLARITY-TIMI 28 are investigating this ques-
tion. The combination of clopidogrel and aspirin is established as
the antithrombotic regimen of choice after coronary stent place-
ment and there is now evidence that pre-treatment of patients
with clopidogrel prior to PCI is of additional benefit. 
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Key messages

� The thienopyridines, ticlopidine and clopidogrel 
irreversibly inhibit platelet activation via the ADP 
pathway

� The use of ticlopidine is limited by its side-effect profile

� Clopidogrel is an effective alternative antiplatelet agent
in patients with cardiovascular disease when aspirin is
contraindicated

� The CURE trial showed that patients with non-ST 
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� Pre-treatment of patients with clopidogrel prior to 
percutaneous intervention reduces periprocedural
ischaemic events
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regimen of choice post stenting

VOLUME 9 SUPPLEMENT 8  . NOVEMBER 2002 S11



COPYRIGHT
MEDINEW

S
CARDIOLOGY

LIMITED

REPRODUCTION
PROHIBITED

bosis and inflammation. Circulation 2002;105:2130-2.
3. Antithrombotic Trialists' Collaboration. Collaborative meta-analysis of

randomised trials of antiplatelet therapy for prevention of death,
myocardial infarction, and stroke in high risk patients. BMJ 2002;324:71-
86.

4. Fox K, Goodman S, Klein W, Brieger D et al. Management of acute coro-
nary syndromes. Variations in practice and outcome. Eur Heart J
2002;23:1177-89.

5. Gum P, Kottke-Marchant K, Poggio E et al. Profile and prevalence of
aspirin resistance in patients with cardiovascular disease. Am J Cardiol
2001;88:230-5.

6. Boersma E, Harrington R, Moliterno D et al. Platelet glycoprotein IIb/IIIa
inhibitors in acute coronary syndromes: a meta-analysis of all major ran-
domised clinical trials. Lancet 2002;359:189-98.

7. Hollopeter G, Jantzen H, Vincent D et al. Identification of the platelet
ADP receptor targeted by antithrombotic drugs. Nature 2001;11:145-7.

8. Solet D, Zacharski L, Plehn J. The role of adenosine 5'-diphosphate recep-
tor blockade in patients with cardiovascular disease. Am J Med
2001;111:45-53.

9. Seyfarth HJ, Koksch M, Roethig G et al. Effect of 300 and 450 mg clopi-
dogrel loading doses on membrane and soluble P-selectin in patients
undergoing coronary stent implantation. Am Heart J 2002;143:118-23.

10. Muller I, Seyfarth M, Rudiger S et al. Effect of a high loading dose of
clopidogrel on platelet function in patients undergoing coronary stent
placement. Heart 2001;85:92-3.

11. Weber A, Braun M, Hohlfeld T et al. Recovery of platelet function after
discontinuation of clopidogrel in healthy volunteers. Br J Clin Pharmacol
2001;52:333-6.

12. Patrano C, Coller B, Dalen JE et al. Platelet-active drugs: The relationships
among dose,  effectiveness, and side effects. Chest 2001;119:39S-63S.

13. Quinn MJ, Fitzgerald DJ. Ticlopidine and clopidogrel. Circulation
1999;100:1667-72.

14. CAPRIE Steering Committee. A randomised, blinded, trial of clopidogrel
versus aspirin in patients at risk of ischaemic events (CAPRIE). Lancet
1996;348:1329-39.

15. Bennett CL, Connors JM, Carwile JM et al. Thrombotic thrombocy-
topenic purpura associated with clopidogrel. N Engl J Med 2000;342:
1773-7.

16. Salliere D, Kassler-Taub KB, Trontell AE et al. Clopidogrel and thrombot-
ic thrombocytopenic purpura. N Engl J Med 2000;343:1191-4.

17. Andres E, Perrin AE, Alt M et al. Febrile pancytopenia associated with
clopidogrel. Arch Intern Med 2001;161:124.

18. Dieter RS. Risk of neutropenia with clopidogrel. J Am Coll Cardiol
2000;36:1436-7.

19. Gent M, Blakely JA, Easton JD et al. The Canadian American Ticlopidine
Study (CATS) in thromboembolic stroke. Lancet 1989;1:1215-20.

20. Janzon L, Bergqvist D, Boberg J et al. Prevention of myocardial infarction
and stroke in patients with intermittent claudication; effects of ticlopi-
dine. Results from STIMS, the Swedish Ticlopidine Multicentre Study. J
Intern Med 1990;227:301-08.

21. Balsano F, Rizzon P, Violi F et al. Antiplatelet treatment with ticlopidine in
unstable angina. A controlled multicenter clinical trial. The Studio della
Ticlopidina nell'Angina Instabile Group. Circulation 1990;82:17-26.

22. Hass WK, Easton JD, Adams HP et al. A randomized trial comparing ticlo-
pidine hydrochloride with aspirin for the prevention of stroke in high-risk
patients. Ticlopidine Aspirin Stroke Study Group. N Engl J Med 1989;
321:501-07.

23. Leon MB, Baim DS, Popma JJ et al. A clinical trial comparing three
antithrombotic drug regimens after coronary artery stenting. N Engl J
Med 1998;339:1665-71.

24. Bertrand M, Legrand V, Boland J et al. Randomized multicenter compar-
ison of conventional anticoagulation versus antiplatelet therapy in
unplanned and elective coronary stenting: the Full Anticoagulation
Versus Aspirin and Ticlopidine (FANTASTIC) study. Circulation 1998;
98:1597-603.

25. Urban P, Macaya C, Rupprecht H et al. Randomised evaluation of anti-
coagulation versus antiplatelet therapy after coronary stent implantation
in high-risk patients: the Multicenter Aspirin and Ticlopidine Trial after
Intracoronary Stenting (MATTIS). Circulation 1998;98:2126-32.

26. Schomig A, Neuman FJ, Kastrati A et al. A randomized comparison of
antiplatelet and anticoagulant therapy after the placement of coronary
artery stents. N Engl J Med 1996;334:1084-9.

27. The CURE Investigators. Effects of clopidogrel in addition to aspirin in
patients with acute coronary syndromes without ST segment elevation.
N Engl J Med 2001;345:494-502.

28. The PURSUIT Trial Investigators. Inhibition of platelet glycoprotein IIb/IIIa
with eptifibatide in patients with acute coronary syndromes. The PUR-
SUIT Trial Investigators. Platelet Glycoprotein IIb/IIIa in Unstable Angina:
Receptor Suppression Using Integrilin Therapy. N Engl J Med 1998;339:
436-43.

29. The PRISM Investigators. A comparison of aspirin plus tirofiban with
aspirin plus heparin for unstable angina. Platelet Receptor Inhibition in
Ischemic Syndrome Management (PRISM) Study Investigators. N Engl J
Med 1998;338:1498-505.

30. The GUSTO IV-ACS Investigators. Effect of the glycoprotein IIb/IIIa recep-
tor blocker abciximab on outcome in patients with acute coronary syn-
dromes without early coronary revascularisation: the GUSTO IV-ACS ran-
domised trial. Lancet 2001;357:1915-24.

31. Fox K, Mehta S, Zhao F et al. The risks vs benefits of clopidogrel treat-
ment in ACS patients overall, and those undergoing CABG: the CURE
trial. In: European Society of Cardiology Congress; 2002.

32. Hongo RH, Ley J, Dick SE, Yee RR. The effect of clopidogrel in combina-
tion with aspirin when given before coronary artery bypass grafting. J
Am Coll Cardiol 2002;40:231-7.

33. Yende S, Wunderink RG. Effect of clopidogrel on bleeding after coronary
artery bypass surgery. Crit Care Med 2001;29:2271-5.

34. Muller C, Buttner HJ, Petersen J, Roskamm H. A randomised comparison
of clopidogrel and aspirin versus ticlopidine and aspirin after the place-
ment of coronary-artery stents. Circulation 2000;101:590-3.

35. Bertrand M, Rupprecht H, Urban P, Gershlick A. Double-blind study of
the safety of clopidogrel with and without a loading dose in combina-
tion with aspirin compared with ticlopidine in combination with aspirin
after coronary stenting : the clopidogrel aspirin stent international coop-
erative study (CLASSICS). Circulation 2000;102:624-9.

36. Taniuchi M, Kurz HI, Lasala JM. Randomized comparison of ticlopidine
and clopidogrel after intracoronary stent implantation in a broad patient
population. Circulation 2001;104:539-43.

37. Mehta SR, Yusuf S, Peters RJG et al. Effects of pretreatment with clopi-
dogrel and aspirin followed by long-term therapy in patients undergoing
percutaneous coronary intervention: the PCI-CURE study. Lancet
2001;358:527-33.

38. Berglund U, Richter A. Clopidogrel treatment before percutaneous coro-
nary intervention reduces adverse cardiac events. J Invasive Cardiol
2002;14:243-6.

THE BRITISH JOURNAL OF CARDIOLOGYS12



COPYRIGHT
MEDINEW

S
CARDIOLOGY

LIMITED

REPRODUCTION
PROHIBITED

Abstract

The spectrum of clinical applications for clopidogrel,
either with or without aspirin, has expanded
rapidly.  Evidence about the use of clopidogrel in

stable   coronary artery disease comes from the CAPRIE
trial. The annual rate of the combined primary end
point of ischaemic stroke, myocardial infarction or
vascular death was significantly reduced in
clopidogrel- compared with aspirin-treated patients.

In CURE, the primary end point (cardiovascular
death, myocardial infarction or stroke) occurred in
11.4% of the aspirin-treated patients compared with
9.3% of patients treated with aspirin plus clopidogrel
during a mean follow-up period of nine months. This
was predominantly due to a significant reduction in
non-fatal myocardial infarction in clopidogrel-treated
patients.

The PCI-CURE study, an observational study of the
2,658 patients in CURE who underwent percutaneous
coronary intervention, showed a significantly lower
primary outcome in the clopidogrel group than in the
placebo group: this probably reflects a treatment
advantage for clopidogrel in the pre-procedure phase.

More up-to-date information on risk analysis is
provided by application of the TIMI risk score to the
CURE data.

The new ACC/AHA and ESC guidelines on
management of patients with unstable angina and
non-ST segment elevation MI are briefly discussed.

Cost-effectiveness is one issue relevant to the use of
clopidogrel in the UK. Formal cost-effectiveness
analyses from the CURE investigators are awaited.

There is evidence of a small improvement in
gastrointestinal tolerability for clopidogrel over aspirin,
and a decreased frequency of gastrointestinal
haemorrhage. 

The use of a loading dose of clopidogrel in non-ST

segment elevation ACS patients prior to angiography
prolongs their bleeding time. If they are then found to
need coronary surgery, the timing of surgery poses a
dilemma for the cardiac surgeons. 

The most appropriate duration of treatment after
acute coronary syndrome (with and without PCI) and
the degree of additional benefit of clopidogrel when
added to other cardioactive agents remain to be
defined.  Many questions about the extent of the
potential clinical applicability of clopidogrel in patients
with coronary disease still remain to be answered.

Key words: coronary artery disease, clopidogrel, non-ST seg-
ment elevation acute coronary syndrome, percutaneous coronary
intervention, guidelines, aspirin, surgical procedures.

Introduction
For cardiologists there was, until recently, little room for uncer-
tainty when prescribing oral antiplatelet agents to patients with
vascular disease. The answer was invariably aspirin. Indefinite
treatment was recommended, in the absence of contraindica-
tions, for all patients with coronary artery disease. In such
patients, aspirin reduces non-fatal myocardial infarction (MI) and
non-fatal stroke by one third and reduces death from any vascu-
lar cause by one sixth.1 But now clopidogrel has arrived, with
large randomised, controlled trials to support its increasingly fre-
quent appearance on our drug charts. Clopidogrel has forced us
to rethink our prescribing habits; to which groups of patients
should we be prescribing aspirin, clopidogrel, or the two in com-
bination? This article discusses some of the issues pertinent to
clopidogrel use in ‘real world’ hospital clinical practice.  

Stable coronary artery disease 
Clopidogrel’s licence for the secondary prevention of vascular
events in patients with established atherosclerotic disease was
supported by the Clopidogrel versus Aspirin in Patients at Risk of
Ischaemic Events trial (CAPRIE).2 In this double-blind study, a total
of 19,185 patients with recent ischaemic stroke, recent MI or
symptomatic peripheral vascular disease were randomised to
receive aspirin 325 mg/day or clopidogrel 75 mg/day. Over a fol-
low-up period of 1–3 (mean 1.9) years, the annual rate of the
combined primary end point of ischaemic stroke, MI or vascular
death was significantly reduced (5.32% vs. 5.83%; p=0.043) in
clopidogrel- compared with aspirin-treated patients. This repre-
sented a relative risk reduction of 8.7% (95% CI 0.3–16.5%).

In order to justify the use of clopidogrel in patients with ‘sta-
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ble’ vascular disease, we have to be satisfied that it offers impor-
tant benefits over aspirin in this setting. It could be argued that
the patients recruited to CAPRIE were at higher risk of adverse
ischaemic events than stable coronary artery disease patients,
two thirds of them having had a stroke within six months or an
MI within 35 days. Nevertheless, CAPRIE suggested that clopido-
grel is slightly more effective than aspirin in preventing ischaemic
stroke, MI or vascular death in the patient group as a whole, and
it is interesting to note that when the treatment effect was
examined by patient subgroup, significant benefit was gained
only in patients with peripheral vascular disease.

So, are cardiologists replacing aspirin with clopidogrel for
their patients with stable coronary artery disease? In the main,
the answer is no. This is probably a reflection of familiarity of
aspirin (to the patient and cardiologist), size of additional bene-
fit and, of course, cost. In the first month after MI, aspirin pre-
vents 40 deaths, strokes or further MIs for every 1,000 patients
treated. After the first month, 40 additional events are prevent-
ed over the next two years for every 1,000 patients treated, at a
drug cost of less than £100 per event avoided.1 In a population
similar to that in CAPRIE, aspirin would be expected to prevent
about 19 major clinical events versus 24 with clopidogrel, for
each 1,000 patients treated per year.2 Clopidogrel is considerably
more expensive than aspirin. To prevent one event that would
have occurred with aspirin, 196 patients would need to be treat-
ed for one year with clopidogrel.3 Most cardiologists, therefore,
are reserving clopidogrel for their stable patients who are intoler-
ant of aspirin, though it may be reasonable to switch to or add in
clopidogrel in patients who suffer an ischaemic event while taking
aspirin. It may also be suitable for those at greatest absolute risk,
such as those with two or more cardiovascular risk factors.

The question that we really need to answer – is the combi-
nation of aspirin and clopidogrel superior to either agent alone?
– has not been addressed in this huge group of patients. It
remains to be determined whether the addition of clopidogrel to
established aspirin therapy reduces risk in patients with stable
coronary disease. This issue is being addressed in the CHARISMA
trial (now under way). A novel strategy would be to measure the
suppression of platelet activity by aspirin in patients with coronary
artery disease and use clopidogrel in ‘aspirin non-responders’.

Unstable coronary artery disease 
Non-ST segment elevation acute coronary syndromes are associ-
ated with considerable morbidity and mortality. Registry data
from the UK reveal a rate of death or non-fatal MI at six months
of 12.2% and of death, MI, refractory angina or readmission for
unstable angina at six months of 30%.4 It is in this context that
clopidogrel has recently been granted a licence for adjunctive
therapy in patients with acute coronary syndromes based upon
data from the Clopidogrel in Unstable angina to prevent
Recurrent Events trial (CURE).5 In CURE, some 12,562 patients
with an acute coronary syndrome without ST elevation were ran-
domised to receive aspirin alone or aspirin plus clopidogrel. The
primary end point (cardiovascular death, MI or stroke) occurred
in 11.4% of the aspirin-treated patients compared to 9.3% of

the patients in the combined treatment arm (relative risk 0.80
[95% CI 0.72–0.90]; p<0.001) during a mean follow-up period
of nine months. This was predominantly due to a significant
reduction (5.2% vs. 6.7%; p<0.001) in non-fatal MI in clopido-
grel-treated patients. Cardiovascular death, MI or stroke, or
refractory hospital ischaemia was also significantly lower in the
clopidogrel group (16.5% vs. 18.8%; relative risk 0.86 [95% CI
0.79–0.94]; p<0.001). Interestingly, the benefit seen in refracto-
ry ischaemia was due to a reduction in events during the initial
hospitalisation (1.4% vs. 2.0%; relative risk 0.68 [0.52–0.90];
p=0.007), with no difference in the rate of subsequent rehospi-
talisation with unstable angina between the two treatment
groups.

Are these data relevant to current UK practice? In the trial
centres revascularisation was ischaemia-driven rather than rou-
tine, and the study design discouraged early coronary angiogra-
phy and excluded the use of glycoprotein (GP) IIb/IIIa inhibitors.
Despite this, 43.7% of patients underwent coronary angiogra-
phy. Of these, 13.8% of patients underwent PCI during the ini-
tial hospitalisation, 7.4% after discharge and 16.5% of patients
underwent CABG. By comparison, in PRAIS-UK only 10% of
patients underwent coronary angiography in-hospital and 27%
by six months, with PTCA and CABG rates of 4% and 8%, and
2% and 7%, respectively.4 This level of invasive investigation may
no longer reflect current UK practice: even the most conserva-
tive-minded UK cardiologist would have referred many of the
patients recruited to CURE for early coronary angiography, bear-
ing in mind that half the patients had ST-segment deviation, one
third had elevated cardiac enzymes at entry (and presumably
more after entry), and one fifth had a history of prior revascular-
isation.5

Can we (and should we) reconcile the low (6.7%) use of GP
IIb/IIIa inhibitors with the NICE guidelines, which recommend the
use of these agents for high-risk (troponin-positive) patients with
unstable angina or non-Q-wave MI and for patients undergoing
acute or elective PCI?6 In practice, we suspect the use of GPIIb/IIIa
inhibitors remains relatively low in patients who are managed
conservatively in the UK, but CURE provides no outcome data for
these patients.

Does CURE indicate to us any subgroups that gain particular
benefit from the addition of clopidogrel to aspirin?  Intuitively,
we might expect the highest risk patients to gain the greatest
outcome benefit from the addition of clopidogrel. Similar risk
ratios (0.79–0.81) were in fact achieved in patients with and
without ST changes, with and without enzyme rises, and with
and without post-randomisation revascularisation. Only patients
with previous revascularisations (risk ratio 0.55) compared with
no previous revascularisations (risk ratio 0.87) seemed to gain
particular advantage from the addition of clopidogrel. In each
patient group the absolute risk reduction was greater in the
higher risk group (ST change 2.8 % vs. no ST change 1.7%;
enzyme rise 2.4% vs. no enzyme rise 2.1%; previous revascular-
isations 6.2% vs. no previous revascularisations 1.3%; post-ran-
domisation revascularisations 2.5% vs. no post-randomisation
revascularisations 2.0%). 
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Is nine months of combined therapy really necessary to
achieve the clinical benefits? After all, in CURE the outcome
curves diverged within 24 hours of treatment (though they con-
tinued to diverge over 12 months). The relative risk reduction
achieved between 30 days and the end of the study (0.82 [95%
CI 0.70–0.95]) was comparable to that achieved at 30 days (0.79
[95% CI 0.67–0.92]). Patients are at high risk certainly up to six
months after presentation.  One third of patients have an MI, die
or have another admission with angina at six months.4

Percutaneous coronary intervention
Cardiologists are in universal agreement that clopidogrel should
be used in combination with aspirin after coronary artery stenting
to prevent stent thrombosis. Ironically, this is not a licensed indi-
cation for clopidogrel use. The use of clopidogrel eliminates a
number of important problems relating to ticlopidine, the
antiplatelet agent previously used in this setting. Ticlopidine use is
on a named-patient basis, it causes frequent side effects including
rash and gastrointestinal upset which result in early cessation of
treatment, but most seriously of all it is associated with a 2.4%
incidence of neutropenia, which is severe in 0.8% of patients.3,7 

Data demonstrating improved tolerability and safety for an
alternative agent were therefore particularly welcome. The
Clopidogrel Aspirin Stent International Cooperative Study (CLAS-
SICS) randomised 1,020 low-risk patients after successful stent-
ing to one of two clopidogrel treatment groups, or ticlopidine, in
addition to aspirin.8 The primary end point of major peripheral or
bleeding complications, neutropenia, thrombocytopenia or early
discontinuation of study drug because of a non-cardiac event
occurred significantly less frequently (4.6% vs. 9.8%; p=0.005)
in the clopidogrel-treated patients compared with ticlopidine-
treated patients (relative risk reduction 50% [95% CI 31–81%]).
Early discontinuation of the study drug was the commonest of
these end points. There was no difference in the secondary end
point of cardiovascular death, MI or target vessel revascularisa-
tion, though the study was not powered to demonstrate effica-
cy differences. The change in resulting prescribing practice after
PCI was rapid, and clinical experience and the subsequent publi-
cation of further studies confirmed that clopidogrel was at least
as effective as ticlopidine in preventing adverse cardiac events
after coronary artery stenting, in higher-risk patients too.9,10

This area is becoming confusing, however, for those of us
lucky enough to have started using rapamycin-coated stents. We
have no clear consensus about how long to continue clopidogrel
after their deployment. Is three months long enough, or should
it be six months? We know that there is probably a delay in
endothelialisation of these devices, so the risk of stent thrombo-
sis is likely to be higher, but we do not know how great the
increase is or how long it lasts. 

Other questions about the use of clopidogrel after stenting
remain outstanding. The PCI-CURE study was designed to test
the hypothesis that clopidogrel treatment, in addition to aspirin,
prior to PCI is superior to placebo in preventing ischaemic
events.11 The secondary objective was to determine whether the
continuation of clopidogrel after the standard four-week post-

PCI period would result in any additional benefit. This was an
observational study of the 2,658 patients in CURE who under-
went PCI. The primary outcome (a combination of cardiovascu-
lar death, MI or urgent target vessel revascularisation within 30
days of PCI) was significantly lower (4.5% vs. 6.4%; p=0.03) in
the clopidogrel group compared with the placebo group (relative
risk 0.70 [95% CI 0.50–0.97]). The benefit was due to a reduc-
tion in the incidence of MI and most probably reflects a treat-
ment advantage from clopidogrel in the pre-procedure phase
since more than 80% of patients in both the clopidogrel and
placebo arms of PCI-CURE received stents and hence received
open-label thienopyridine for four weeks after PCI. The overall
reduction in the composite end point was similar to that seen in
the CURE trial. 

What are the implications of PCI-CURE for real-life practice?
The majority of patients referred to our tertiary referral centres
for acute coronary syndromes are not receiving clopidogrel on
arrival. We administer a 300 mg loading dose of clopidogrel
1–24 hours before their angiogram. It is not yet clear whether
this short duration of pre-treatment is sufficient to achieve the
clinical benefits demonstrated by pre-treatment in PCI-CURE.
Furthermore, it is difficult to know whether such pre-treatment
benefits those patients treated prior to angiography with GP
IIb/IIIa inhibitors.

To take a broader view of patients with coronary heart dis-
ease, significantly fewer patients receiving clopidogrel rather
than placebo had an MI or the composite of MI and refractory
ischaemia even before PCI.11 The lower rate of cardiovascular
death, MI or urgent target vessel revascularisation was seen as
soon as two days after PCI and had reached statistical signifi-
cance by 14 days. All the subgroups examined showed either a
trend or a statistically significant benefit in favour of clopidogrel.
Nevertheless, in patients who underwent PCI within 72 hours of
randomisation, the reduction in cardiovascular death or MI was
not statistically significant (8.5% vs. 13.5%; relative risk 0.62
[95%CI 0.37–1.05]); whereas it was significant in the remainder
of patients who underwent PCI more than 72 hours after ran-
domisation (8.9% vs. 12.3%; relative risk 0.71 [95% CI
0.54–0.92]). Does this mean that 72 hours of pre-treatment with
clopidogrel is insufficient? This is doubtful; it is more likely to be
a reflection of the smaller numbers within this subgroup.

Additional observational data have shown that pre-treatment
with clopidogrel – either started within five days of PCI or a load-
ing dose of 300 mg on the morning of the procedure – is asso-
ciated with a significant reduction in MI (3.4% vs. 12.5%;
p=0.0009) and the composite of MI, need for urgent repeat tar-
get vessel revascularisation or cardiovascular death during hospi-
talisation (5.5% vs. 14.0%; p=0.03), compared with clopidogrel
treatment initiated after stent deployment.12 Unfortunately, the
median duration of pre-treatment was not stated. The question
we have posed cannot be answered from the available data but
the ongoing CREDO study (due to be presented at the AHA
meeting later this year) will provide further information on the
effect of clopidogrel pre-loading before PCI. In addition, phar-
macological data are consistent with inhibition of platelet aggre-
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gation by clopidogrel within hours of a single loading dose.13,14

More up-to-date information on risk analysis is provided from
application of the Thrombolysis in Myocardial Infarction (TIMI)
risk score to the CURE data.15 Patients (n=12,562) who present-
ed within 24 hours of the onset of symptoms were randomised
to receive clopidogrel or placebo in addition to aspirin for 3–12
months. The primary composite outcome of cardiovascular
death, MI or stroke increased proportionally with increasing risk
according to the TIMI score. In the low-risk group (TIMI score
0–2), the rate of primary outcome for clopidogrel versus placebo
was 4.1% vs. 5.7% (RR 0.71; 95% CI 0.52–0.97; p<0.04). In the
intermediate-risk group (TIMI score 3–4), the corresponding fig-
ures were 9.8% vs. 11.4%; RR 0.85: 95% CI 0.74–0.98; p<0.03.
In the high-risk group (TIMI score 5–7), the corresponding figures
were 15.9% vs. 20.7%; RR 0.73; 95% CI 0.60-0.90; p<0.004.

Current clinical practice sees a high usage of glycoprotein
IIb/IIIa inhibitors given during and after PCI in patients presenting
with acute coronary syndromes. How this affects the efficacy of
clopidogrel in the short and longer term remains unclear. 

Current guidelines
A review of national and international guidelines on the man-
agement of patients with vascular disease proves potentially con-
fusing and apparently contradictory (table 1). This, of course,
relates to their date of formulation and publication in relation to
the publication of relevant clinical trials. Clopidogrel is not
referred to specifically in the 1997 European Society of
Cardiology (ESC) recommendations for management of stable
angina,16 nor in the recommendations of the Second Joint Task
Force of European and other Societies on Coronary Prevention,17

nor in the British Cardiac Society (BCS) guidelines for the man-
agement of patients with acute coronary syndromes without
persistent ECG ST segment elevation.18

Aspirin remains the antiplatelet agent of first choice in the
majority of circumstances. Clopidogrel is recommended by the
ACC/AHA for patients with chronic stable angina ‘when aspirin
is absolutely contraindicated’ (class IIa recommendation, level of
evidence B).19 The 2001 update to the AHA/ACC guidelines on
secondary prevention recommends ‘indefinite aspirin 75–325
mg/day if not contraindicated. Consider clopidogrel 75 mg/day
or warfarin if aspirin is contraindicated’ and cites CAPRIE as
important new trial evidence since the original guidelines in
1995.20 The ACC/AHA guidelines for the management of
patients with acute MI reserve antiplatelet agents other than
aspirin (dipyridamole, ticlopidine or clopidogrel) for patients with
true aspirin allergy (class IIb recommendation).21 They correctly
observe that there is currently no evidence that other antiplatelet
agents have any advantage over aspirin for mortality reduction
in the acute treatment of MI.

The current BCS guidelines18 and The Task Force of the ESC
recommendations for the management of patients with acute
coronary syndromes without persistent ST segment elevation22

were both published before CURE. BCS guidelines on ‘anticoag-
ulants and antiplatelet agents in vascular disease’ are in prepara-
tion.

The ACC/AHA guidelines on the management of patients
with unstable angina and non-ST-segment elevation MI, pub-
lished in June 2002, have been updated since CURE.23 Amongst
their revised class I recommendations are: 1) the administration
of clopidogrel to hospitalised patients who are unable to take
aspirin because of hypersensitivity or major gastrointestinal intol-
erance (level of evidence A); 2) the administration of clopidogrel
for at least one month (level of evidence A) and for up to nine
months (level of evidence B) to hospitalised patients in whom an
early non-interventional approach is planned; and 3) the adminis-
tration of clopidogrel for at least one month (level of evidence A)
and for up to nine months in patients who are not at risk of bleed-
ing (level of evidence B) in patients for whom PCI is planned.

Table 1 Summary of antiplatelet therapy recommendations in ‘current’ 
guidelines

Aspirin Clopidogrel Other
Stable angina pectoris
Management of stable angina 
pectoris. Recommendations of 
the Task Force of the ESC (1997) ** - -

ACC/AHA guidelines for the 
management of patients with 
chronic stable angina (1999) ** * -

Secondary prevention
Recommendations of the Second 
Joint Task Force of European and 
other Societies on Coronary 
Prevention (1998) ** - *

AHA/ACC guidelines for preventing 
heart attack and death in patients 
with atherosclerotic cardiovascular 
disease (2001) ** * *

Acute (ST elevation) myocardial 
infarction
ACC/AHA guidelines for the 
management of patients with acute 
myocardial infarction (1999) ** * *

Acute coronary syndromes 
without ST elevation
Recommendations of the Task Force 
of the ESC (2000) ** * *

BCS guidelines ** - -

ACC/AHA guidelines for the 
management of patients with unstable 
angina and NSTEMI (2002) ** ** -

ESC guidelines for the management 
of patients with unstable angina 
and NSTEMI (2002) ** ** -

Percutaneous coronary intervention
ACC/AHA guidelines for PCI (2001) ** ** **

Key: ESC = European Society of Cardiology; ACC/AHA = American College of 
Cardiology/American Heart Association; BCS = British Cardiac Society; 
NSTEMI = non-ST-segment elevation myocardial infarction.
** = firm recommendation; * = secondary recommendation

THE BRITISH JOURNAL OF CARDIOLOGYS16

COPYRIGHT
MEDINEW

S

CARDIOLOGY
LIMITED

REPRODUCTION
PROHIBITED



COPYRIGHT
MEDINEW

S
CARDIOLOGY

LIMITED

REPRODUCTION
PROHIBITED

New ESC guidelines for the management of unstable angina
and non-ST elevation myocardial infarction have recently been
announced. (They will be published in the November issue of the
European Heart Journal and will also be published on the ESC
website [www.escardio.org].) These guidelines are very similar to
the ACC/AHA guidelines. In acute management, a new combi-
nation of antithrombotic agents is recommended – a low mole-
cular weight heparin, aspirin and clopidogrel. In long-term man-
agement, the guidelines recommend that clopidogrel is used for
nine months and aspirin for life. 

Other issues
Cost-effectiveness
Ultimately, if we believe that a useful clinical benefit is obtained
from an intervention, then patient acceptability, cost-effective-
ness and resource allocation become the critical issues that will
determine the level of uptake of the intervention. Each addition-
al intervention is likely to result in a smaller absolute reduction in
risk. For example, the risk reduction achieved by clopidogrel
alone in a smoker with stable coronary artery disease will be
greater than that achieved by the addition of clopidogrel to the
same patient who has stopped smoking and is already taking
aspirin, a statin and an angiotensin-converting enzyme inhibitor.

Most recent interest surrounding clopidogrel has focused
upon its use in acute coronary syndromes. For every 100 patients
in CURE, the addition of clopidogrel for nine months prevented
two additional cardiovascular deaths, or non-fatal MIs or strokes,
but caused one additional patient to have a major bleed. Formal
cost-effectiveness analyses from the CURE investigators have
been conducted and will probably be published within the next
12 months.

A recent article sought to examine the cost-effectiveness of
aspirin, clopidogrel or both for the secondary prevention of coro-
nary heart disease.24 The risk reductions achieved in the
Antiplatelet Trialists’ Collaboration, CAPRIE and CURE were used
in a model that estimated the incidence of coronary disease and
mortality in subjects over 35 years of age in the US between
2003 to 2027. However, correspondence regarding the method-
ology is pending.

Aspirin intolerance
Aspirin intolerance is usually due to one of a range of gastroin-
testinal side effects. Furthermore, aspirin may cause serious
upper gastrointestinal haemorrhage. But is the widely held belief
that the gastrointestinal side-effect profile of clopidogrel is supe-
rior to that of aspirin correct? One small double-blind, cross-over
study in healthy volunteers without gastrointestinal disease
demonstrated that, in contrast to 325 mg aspirin, 75 mg clopi-
dogrel did not induce any gastroscopically evident erosions after
eight days’ treatment.25 In CAPRIE, which randomised only
‘aspirin-tolerant’ patients, the occurrence of all gastrointestinal
bleeding (1.99% vs. 2.66%; p<0.002), hospitalised gastroin-
testinal bleed (0.74% vs. 1.08%; p=0.012), abdominal pain
(5.64% vs. 7.14%; p<0.001), dyspepsia (5.22% vs. 6.10%;
p<0.01), gastritis (0.75% vs. 1.32%; p<0.001), peptic ulcer

(0.68% vs. 1.15%; p<0.001) and indigestion, nausea or vomit-
ing (15.01% vs. 17.59%; p<0.05) was significantly less in clopi-
dogrel-treated patients compared to aspirin-treated patients,
while only diarrhoea occurred more frequently (4.46% vs.
3.36%; p<0.001) in patients receiving clopidogrel.2,26 So there is
evidence of a small improvement in gastrointestinal tolerability
for clopidogrel over aspirin and a decreased frequency of gas-
trointestinal haemorrhage. It therefore seems reasonable for us
to prescribe clopidogrel both to patients in whom aspirin is con-
traindicated or poorly tolerated, and to those who have a histo-
ry of peptic ulceration.

Surgical procedures and bleeding risk
Clopidogrel use has implications for other areas of our practice.
The majority of patients who undergo inpatient coronary
angiography present with non-ST elevation acute coronary syn-
dromes. Following CURE, an increasing proportion of these
patients are started (appropriately) on clopidogrel soon after
admission as part of their medical therapy. The remainder receive
a loading dose prior to their angiogram, in anticipation of their
proceeding on to PCI. However, the bleeding time is approxi-
mately doubled in these patients. Thus, when such patients are
then found to have coronary artery disease deemed to be surgi-
cal, our surgical colleagues face a dilemma regarding the appro-
priate timing of surgery. 

In a study of 247 patients who underwent coronary artery
bypass graft surgery (CABG), the incidence of re-exploration for
bleeding was significantly higher (9.8% vs. 1.6%; p=0.01) in
clopidogrel-treated patients (odds ratio 6.9 [95% CI 1.6–30]).27

Clopidogrel use was also associated with an increased need for
packed red cell transfusion (72.6% vs. 51.6%; p=0.007), a high-
er number of packed red cell units (3.0 vs. 1.6; p=0.0004) and
of cryoprecipitate units transfused (2.4 vs. 1.2; p=0.04). A differ-
ent study reported a similarly increased requirement for blood
products and increased rate of reoperation for bleeding (6.8%
vs. 0.6%; p=0.018) among CABG patients who had received
clopidogrel within seven days of surgery compared with patients
without such clopidogrel exposure.28

Additional data come from CURE.5 Overall there was no
excess of major bleeding after CABG in clopidogrel-treated
patients (1.3% vs. 1.1%; relative risk 1.26; 95% CI 0.93–1.71).
However, in most patients scheduled for CABG, the study med-
ication was discontinued more than five days before the proce-
dure and in these patients the rate of major bleeding was actual-
ly lower (4.4% vs. 5.3%) in clopidogrel-treated patients. In the
912 patients who stopped taking the medication within five days
of surgery, the rate of major bleeding was 9.6% in the clopidogrel
group and 6.3% in the placebo group (relative risk 1.53; p=0.06).

Our policy is to stop clopidogrel as soon as a surgical opin-
ion is sought for inpatients. Unfortunately, this builds in an
inevitable delay in the wait for inpatient CABG surgery and the-
oretically exposes such patients to a higher risk of an acute car-
diac event while they are waiting because the clopidogrel has
been withdrawn. The median delay from angiogram to CABG in
these circumstances is eight days at the Manchester Heart
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Centre. In emergency cases, surgery is performed with appropri-
ate blood product support.

Similar dilemmas are faced in cardiology patients. For exam-
ple, at St. Bartholomew’s Hospital, clopidogrel is stopped for at
least seven days prior to the implantation of a pacemaker or
implantable cardiovertor-defibrillator (ICD) to minimise the per-
ceived increased risk of haematoma formation. This is based
upon evidence that, after discontinuation of clopidogrel, platelet
function gradually increases to normal (in the absence of con-
comitant aspirin) over this time period.29 In patients who have
been revascularised percutaneously prior to proposed ICD
implantation, we then have to decide between continuing clopi-
dogrel for the standard four weeks to prevent stent thrombosis
and discontinuing the clopidogrel to allow ICD insertion within a
reasonable timeframe. It is difficult to allow these patients home
during this period, having already justified an ICD for them, so
they must wait as inpatients.

Conclusions
Clopidogrel undoubtedly represents a valuable addition to the
antiplatelet armamentarium. It is more effective than aspirin in
patients with stable vascular disease and its combination with
aspirin is superior to aspirin alone in preventing MI and refracto-
ry in-hospital ischaemia in patients admitted with non-ST eleva-
tion acute coronary syndromes. Its use after coronary artery
stenting has simplified life for the interventional cardiologist. The
role of clopidogrel in the treatment of patients with (and with-

out) vascular disease, however, remains to be fully defined.
Central to this issue are cost-effectiveness, the most appropriate
duration of treatment after acute coronary syndromes with and
without PCI, and the degree of additional benefit of clopidogrel
when added to other cardioactive agents. Many questions will
arise concerning the potential expansion of the role of clopido-
grel in the future, such as:
� is coronary graft patency prolonged by clopidogrel? 
� what is the role of clopidogrel in patients with atrial fibrilla-

tion? 
� would patients with stable angina or peripheral vascular dis-

ease benefit electively from a combination of aspirin and
clopidogrel? 

� would patients at risk of vascular events, such as those
recruited into the Heart Protection Study, benefit from clopi-
dogrel? 

� would all patients in these groups be better off on clopido-
grel than aspirin? 
At present, we can only speculate as to the answers.
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Abstract

Recent government guidelines have endorsed the
need to improve the management of vascular 
disease, which represents an enormous burden to

the UK health service. Antiplatelet agents play a key
role in the management of the disease, but are 
currently underprescribed. Aspirin remains the accepted
first-line therapy for this patient group but there is a
clear need for other, more effective, antiplatelet 
regimens, including clopidogrel. Clopidogrel should be
considered for secondary prevention in patients with a
history of symptomatic atherothrombotic disease
(ischaemic stroke, myocardial infarction or symptomatic
peripheral vascular disease) and two or more additional
risk factors for further events, for those patients who
have had an event while taking aspirin and for those
who are aspirin-intolerant. In addition, in line with its
recently extended licence, clopidogrel may now be 
considered in combination with aspirin for patients with
unstable angina or non-ST elevation myocardial 
infarction. When deciding on the optimal duration of
clopidogrel treatment, GPs should assess each patient’s
risk of experiencing a further event. The developing
role of primary care organisations as service providers
for both primary and secondary care should facilitate
more consistent pathways of care and prescribing 
practices across all the health sectors, and in particular
vascular disease.

Key words: clopidogrel, aspirin, risk factors, myocardial 
infarction, stroke, unstable angina.

Introduction
Vascular disease, which includes myocardial infarction (MI),
unstable angina (UA), angina of effort, stroke, transient
ischaemic attack (TIA) and peripheral vascular disease (PVD),
accounts for more than 40% of all deaths in the UK.1 In 2000,
the government endorsed the need for improved management
of vascular disease through publication of its National Service

Framework (NSF) for Coronary Heart Disease (CHD), with the aim
of reducing  the incidence of CHD and stroke in people under 75
years of age by 40% by the year 2010.  One of the key stan-
dards, Standard 3, is to identify all people with established car-
diovascular disease and to offer them comprehensive advice and
appropriate treatment in order to reduce their risks of further
vascular events. By April 2003, every practice should have avail-
able clinical audit data that are no more than 12 months old.2

Other aspects of vascular disease are addressed in more
recent NSFs. For example, the NSF for Older People, published in
2001,3 sets out standards for preventing stroke and providing
prompt access to integrated care services for those who have
had a stroke. General hospitals are to have plans in place by April
2002 to introduce specialist stroke services and to have estab-
lished clinical audit systems for stroke management by April
2003. GPs are to have protocols, agreed with local specialist ser-
vices, to identify and manage patients at high risk of stroke and
to refer patients with TIA by April 2004.3

In addition, the NSF for Diabetes4 stresses that preventing or
delaying the onset of diabetes and good management of dia-
betes will contribute to the achievement of the goals in the NSF
for CHD. 

Antiplatelet agents, including clopidogrel, play a key role in
the management of vascular diseases. This article looks at the
issues and prescribing options for clopidogrel in different patient
populations within the primary care setting. The optimum dura-
tion for clopidogrel use within each patient group and whether
it should be prescribed alone or in combination with aspirin are
considered in some detail. Finally, the implications of the chang-
ing role of primary care organisations (PCOs) for the future man-
agement of vascular disease patients are discussed.

Vascular disease – the size of the problem
Vascular disease represents an enormous burden to the UK
health service, with high annual incidence rates of MI, stroke and
PVD (table 1). Moreover, because atherothrombosis plays a key
role in the underlying process leading to ischaemic strokes, MI
and PVD, the presence of one clinical manifestation substantial-
ly increases the chances of developing others. Thus, GPs will
commonly see MI patients who have a subsequent stroke or vice
versa (figure 1), a scenario that is associated with high mortality
and morbidity rates. This is confirmed in the literature, for exam-
ple, in the Oxford Community Stroke Project (OCSP),5 which fol-
lowed 675 patients with first stroke for up to 6.5 years. Of those
who survived more than 30 days but died within the first six
years, 35% of deaths were due to other cardiovascular events.
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Similarly, 18% of men and 35% of women who survive an MI
suffer a further MI within six years6 and approximately 8.1% suf-
fer a stroke within five years.7 As further evidence for the risk of
having a second or third vascular event, Criqui et al.8 found that
in patients diagnosed with PVD and followed up over a 10-year
period, 60% of deaths were due to myocardial infarction and
17% due to a cerebrovascular accident.  

These data illustrate the importance of considering
antiplatelet therapy for all patients with vascular disease. Aspirin
is the accepted and recommended first-line therapy for vascular
disease, as advocated by the NSF for CHD. Aspirin was recom-
mended as a result of data from the Antiplatelet Trialists’
Collaboration, which showed that aspirin reduced the risk of fur-
ther serious vascular events by about a quarter.9 This view was
recently reinforced by the Antithrombotic Trialists’
Collaboration,10 which concluded that low-dose aspirin (75–150
mg daily) should be administered routinely for all such patients.
Unfortunately, there is plenty of evidence to suggest that there is
considerable under-prescribing of aspirin in patients who have
experienced vascular events,11 and there is much that we, as GPs,
could do to make a considerable impact on this.

Although aspirin can improve outcomes, the residual risk for
patients on aspirin is not negligible: three out of four vascular
events still occur despite aspirin therapy.10 We therefore need to
consider prescribing other, more effective, antiplatelet regimens
if we are to achieve the government targets.  The potential role
for clopidogrel in a variety of patient groups is considered below. 

Clopidogrel in patients with MI, stroke and PVD
The CAPRIE study12 showed that long-term administration of
clopidogrel was more effective than aspirin in reducing the com-
bined risk of ischaemic stroke, MI and vascular death (relative risk
reduction [RRR] 8.7%). 

Post-hoc analysis of data from the entire 19,185 CAPRIE pop-
ulation showed a RRR of 19.2% (p=0.008) in favour of clopido-
grel for the outcome of first MI alone after recruitment.13

Reductions were also seen in the outcomes of vascular death and
ischaemic stroke (RRR 7.6% and 5.2%, respectively), although
these were not statistically significant.14

Several post-hoc subgroup analyses of the CAPRIE trial data
have been performed to determine the benefits of clopidogrel in

populations considered to be at particularly high risk of further
vascular events. These included patients with diabetes, dyslipi-
daemia and those who had undergone cardiac surgery. In the
first subanalysis,15 involving 3,866 diabetic patients, the RRR in
diabetic patients randomised to clopidogrel was 11% compared
with a RRR of 7% in the non-diabetic population. In the sub-
analysis of 2,204 hypercholesterolaemic patients being treated
with lipid-lowering therapy,16 clopidogrel therapy was associated
with a 20.0% reduction in the combined end point of vascular
death, MI, stroke and rehospitalisation for ischaemia or bleeding
(p=0.026), when compared with aspirin. Clopidogrel was associ-
ated with a RRR of 56% in MI alone. The subgroup analysis in
1,480 patients who had undergone coronary artery bypass
surgery (CABG) showed clopidogrel therapy to be independent-
ly associated with a 31.2% RRR (95% CI 15.8–43.8; p=0.0003)
in vascular death, MI, stroke or rehospitalisation for ischaemia or
bleeding.17 Multivariate analysis demonstrated that patients with
previous cardiac surgery derived particular benefit from treat-
ment with clopidogrel (p=0.015). Subgroup analyses must be
interpreted with caution: the most robust data come from analy-
sis of the trial as a whole.

Which patients should be considered for clopidogrel?
GPs will see on average approximately five stroke patients,3 nine
MI patients,18 one PVD patient,19 and six unstable angina/non-ST
segment elevation MI (UA/NSTEMI) patients20 per 2,000 popula-
tion (table 1). A key issue for GPs is interpreting the clinical evi-
dence to determine which of these patients should receive clopi-
dogrel. It could be argued that any patient who has experienced
a vascular event should be given clopidogrel but in practice,
given budgetary constraints and the need for a favourable
cost/benefit analysis, it is pragmatic to consider those at highest
risk of a further vascular event. 

Patients at high risk can be identified from those on the prac-
tice list who have had either an MI or a stroke or who have estab-

Table 1. The impact of vascular disease

Condition Incidence in the UK Approx. number
per 2,000 patients

Stroke3 140,000 4.7

Myocardial infarction (MI)18 274,000 9.2

Peripheral vascular disease19 23,920 0.8

Unstable angina/non-ST 
elevation MI20 180,000 6.0

Figure 1. Ischaemic co-existence: percentage of patients with 
co-existing coronary, cerebral and peripheral vascular
disease29
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lished PVD, with or without other additional risk factors. Others
can be identified through routine practice audits, which should be
reviewed annually, perhaps by a practice nurse or another trained
member of the practice team, as part of achieving Standard 3 of
the NSF for CHD.2 Figure 2 shows a suggested care pathway for
managing patients at risk of further vascular events, depending on
the risk factors present.

Risk factor management
A multitude of risk factors such as hypertension and hypercholes-
terolaemia, patient demographics (age, sex), lifestyle (obesity,
smoking, alcohol intake) and a family history of vascular disease all
have an influence on the risk of suffering further serious vascular
events. Table 2 shows the proportion of all coronary heart disease
that is attributable to five different risk factors in the UK.21

Reviewing a patient’s risk factors will help to determine their
likelihood of suffering further events and could serve as a basis for
establishing which patients should receive aspirin and which
should be targeted for alternative antiplatelet treatment. As a
general guide any patient who has had an MI or stroke or who has
PVD should be on long-term aspirin (75–150 mg daily), if there are
no contraindications. If patients already on aspirin suffer a further

MI or a stroke, they should be started on clopidogrel (75 mg daily).
If patients have had a major vascular event such as a stroke or MI
or have serious PVD and have at least two additional risk factors,
they should be considered for treatment with clopidogrel rather
than aspirin to reduce further morbidity and mortality risk.  But if

Figure 2. Care pathway for patients with myocardial infarction (MI), stroke, peripheral vascular disease (PVD) or unstable angina (UA)/non-ST elevation MI 
(NSTEMI)

Identify all patients with MI, stroke, PVD and unstable angina (UA)/ non-ST-elevation MI
 (NSTEMI) from practice databases and following hospital discharge

Patients with MI, stroke and PVD

Consider risk factors:
Blood pressure > 140–159/90–99 mmHg
Cholesterol > 5 mmol/L
Demographics

Age
Sex

Lifestyle
Obesity
Smoker
Alcohol intake

Family history
Diabetes

Patients with UA/NSTEMI

In addition to antithrombotic agent:
Consider beta blockers, unless
contraindicated
Consider ACE inhibitors, unless
contraindicated

In addition to antithrombotic agent:
Consider lipid-lowering agents

In addition to antithrombotic agent:
Advise lifestyle medications – diet,
stopping smoking, reducing alcohol
intake

Regardless of risk factors, consider addition
of clopidogrel to standard therapy (including
aspirin) for at least nine months, then
reassess level of risk

If < 2 risk factors, consider aspirin
(75–100mg) in all patients and continue long
term, assuming no contraindications

If > 2 risk factors or patient has experienced
an event on aspirin or is aspirin-intolerant,
consider clopidogrel (75 mg) long term

Table 2. Proportion of all coronary heart disease attributable to five 
different risk factors in the UK21

Risk factor Men (%) Women (%) All (%)

Blood cholesterol 
>5.2 mmol/L 45 47 46

Physical inactivity <12 
20 minute occasions in 
the past four weeks 36 38 37

Blood pressure 
>140/90 mmHg 14 12 13

Smoking 20 17 19

Obesity: BMI ≥30 5 6 6
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a stroke, MI or PVD patient has fewer than two additional risk fac-
tors, aspirin (75–100  mg) should be the preferred choice, assum-
ing there are no contraindications. 

Patients with type 2 diabetes have a substantially increased risk
of cardiovascular complications; at least half of the 33,000 deaths
a year attributable to diabetes are caused by cardiovascular dis-
ease.22 The majority of diabetic patients are managed in primary
care,23 where they should be offered effective antiplatelet treat-
ment for the secondary prevention of serious vascular events.
Current guidelines24 suggest that aspirin (75 mg per day) should
be given routinely and continued over the long term in patients
with diabetes and CHD, stroke or PVD, and that clopidogrel (75
mg daily) could be considered as an alternative to aspirin. Given
that patients with type 2 diabetes without a previous MI have as
high a risk of developing MI as non-diabetic patients with a previ-
ous MI,25 it could be argued that these two patient groups should
be treated in the same way. There are currently no clinical data
available to support this argument, but perhaps further studies
should be considered to clarify this issue.

In addition to antithrombotic treatment, where appropriate
patients should also be considered for antihypertensive and lipid-
lowering therapy, together with advice on lifestyle changes – a
healthy diet containing plenty of green vegetables, salads and
fresh fruit, reduced intake of salt and saturated fats, smoking ces-
sation and regular exercise. The importance of complying with any
treatment regimen in order to derive maximum therapeutic bene-
fit should also be emphasised.  

Patients who have failed on aspirin or who are
aspirin-intolerant
Although aspirin is effective in many patients, GPs will still see a
considerable number of patients who have experienced a vascu-
lar event while on aspirin. These patients are at a considerably
increased risk of further events and could reasonably be consid-
ered for clopidogrel therapy.   

In practice, the largest group of patients likely to be receiv-
ing clopidogrel are those for whom aspirin is contraindicated.
This is so despite the fact that the CAPRIE trial12 excluded
aspirin-intolerant patients. However, gastrointestinal adverse
events are frequent in patients on aspirin. Aspirin inhibits
platelet aggregation by blocking the enzyme cyclo-oxygenase
(COX). However, aspirin also inhibits COX in other tissues,
including the gastric mucosa. Since COX exerts a protective
effect on the gut, inhibiting COX could be the cause of gastric
intolerance in patients on aspirin. Clopidogrel, by contrast,
does not act on the COX pathway but acts specifically on
platelets by interfering with the binding of ADP to its receptors
on the platelet surface. Clopidogrel may therefore be associat-
ed with fewer gastrointestinal adverse events compared with
aspirin. 

Unstable angina and non-ST elevation MI
The mortality and morbidity due to UA and NSTEMI is extremely
high. These conditions have an annual incidence in the UK of
about 180,000 (table 1).20 This estimate is similar to that

obtained by extrapolating from the PRAIS–UK registry, which
suggests a presentation rate of 240 per 100,000 population per
year.26 Of these patients, one third will go on to have serious
problems: approximately 13,300 will die within six months,
22,000 will die or suffer a secondary cardiovascular event within
six months, and 54,000 will die, suffer a secondary cardiovascu-
lar event or be readmitted to hospital with UA within six
months.26 The same study concluded that current management
is sub-optimal and that the ongoing burden of disease (in terms
of death, MI or continuing illness) continues to be high.

Recently, a licence extension based on data from the CURE
trial27 has made clopidogrel available for early and long-term
reduction of atherothrombotic events (MI, stroke, death due to
vascular causes and refractory ischaemia), in addition to aspirin,
in patients with UA or NSTEMI. 

GPs will see a number of patients representative of the CURE
population (approximately six patients per 200020; table 1). Given
the high-risk status of these groups, clopidogrel (75 mg daily) in
addition to aspirin should be given to patients presenting with
UA/NSTEMI, regardless of the existence of additional risk factors
(figure 2). 

The PCO perspective
Following recent government reforms in the UK, Primary Care
Organisations (PCOs) are now responsible for provision of ser-
vices across both primary and secondary care, including the allo-
cation of budgets. As such, they are uniquely placed to take a
global view of the needs of the community, including social ser-
vices. PCOs will need to consider the development of integrated
pathways of care to facilitate communications between primary,
secondary and tertiary health professionals and to ensure opti-
mum assessment and management of high-risk patients. This
might include the appointment of primary care specialists with
additional training in cardiology to run practice-based or special-
ist clinics. In addition, the setting up of disease registers and
audits of prescribing practices should be considered in order to
facilitate sharing of patient information and monitoring of
progress across the different health sectors. 

It is anticipated that PCOs will act as catalysts to facilitate
consistency of care standards and prescribing patterns among all
clinicians by providing guidelines and effective formularies. This
should ensure that patients receive optimum treatment regard-
less of where they live. When reviewing formularies, PCOs will
need to weigh up, on the basis of current clinical evidence,
whether a drug will help to meet the requirements of govern-
ment guidelines such as the National Service Frameworks (NSFs)
for CHD and Older People2,3 and the expected full NSF for
Diabetes. The cost of treatment with clopidogrel is one factor
that deserves consideration. Assuming that 200 patients per
100,000 population are eligible for treatment and that uptake
rates are 50%, the direct drug cost would be in the region of
£50,000 per 100,000 population. Given the government’s aims
for reducing CHD and stroke, together with the evidence that
clopidogrel could contribute towards achieving these targets, the
drug should appear on PCO formularies for secondary preven-
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tion in patients at risk of cardiovascular or cerebrovascular
events. In practice, however, several issues will need to be con-
sidered, including whether clopidogrel should be prescribed
alone or in combination with aspirin and whether there is an
optimum duration of treatment for clopidogrel.

Should clopidogrel be prescribed alone or in        
combination with aspirin?
Based on evidence from CAPRIE,12 clopidogrel is licensed as a sin-
gle agent for secondary prevention of atherosclerotic events in
patients with a history of ischaemic stroke, MI or symptomatic
PVD. In these populations, therefore, until further evidence is
available, clopidogrel should be prescribed alone. 

By comparison, the CURE trial27 assessed the combined
antiplatelet action of clopidogrel on top of standard therapy,
including aspirin, in patients with UA/NSTEMI. The resulting
licence, based on evidence from this trial, is for use of clopido-
grel on top of standard therapy (including aspirin) to reduce
atherothrombotic events in these patient groups.  Concomitant
administration with aspirin should be undertaken with caution,
since it may increase the risk of bleeding. The majority of bleeds
occur early in treatment, within the first 30 days, and the likeli-
hood of bleeding is also dependent on the dose of aspirin used.
Patients should be alerted to the symptoms associated with
bleeding and followed carefully for any signs of bleeding, espe-
cially during the first weeks of treatment.28

Patients with symptomatic atherothrombotic disease and
more than two risk factors are at increased risk. The only evi-
dence published to date compares clopidogrel against aspirin,
rather than in addition to aspirin. This latter comparison is being
tested in the CHARISMA study. Until such evidence is published,
clinicians will need to make a judgement based upon their analy-
sis of the risk benefit for the individual patient as to whether
clopidogrel should be added to aspirin rather than simply replace
aspirin in those individuals at particularly high risk.

What is the optimum duration of clopidogrel use?
In the CAPRIE trial, patients receiving clopidogrel or aspirin were
followed up for between one and three years (average duration
1.91 years). In clinical practice, it is generally accepted that
antiplatelet therapy should be given long term and often for life,
although there are no trial data available to support this. The
optimum duration of treatment with clopidogrel should there-
fore depend on the patient’s history and level of risk of experi-
encing a further vascular event. 

In the CURE trial, efficacy and safety of both early and long-
term use were assessed in patients with UA/NSTEMI. Patients
were randomised to either clopidogrel or placebo for 3–12
months (average duration nine months), with therapy initiated
within 24 hours of symptom onset. The benefit of clopidogrel on
top of standard therapy (including aspirin) was maintained
throughout the duration of the trial. The new European Society
of Cardiology (ESC) guidelines, announced at the ESC Congress
in Berlin in September and due to be published in November, rec-
ommend therapy for at least nine months. Since there are no

data available on treatment beyond 12 months, GPs should
assess patients on an individual basis to determine whether to
continue treatment beyond 12 months. 

Conclusions
In primary care clopidogrel is predominantly used for patients
with a history of symptomatic atherothrombotic disease (MI,
stroke or established PVD) and additional risk factors, those who
have had an event on aspirin or who are aspirin-intolerant, and
those with UA/NSTEMI. The GP’s prime concern is interpreting
the clinical evidence to determine how long to continue treat-
ment with clopidogrel. A key factor in this interpretation is regu-
lar assessments of the individual patient’s risk of suffering a fur-
ther vascular event. It is anticipated that, in the near future, the
provision of better guidelines and effective formularies by PCOs
will help to facilitate consistent standards of care and prescribing
patterns for patients with vascular disease across both primary
and secondary care.
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Key messages

� Patients with a history of symptomatic atherothrombotic
disease are at high risk of developing further vascular
events

� Clopidogrel alone should be given to:

- Patients who have suffered an ischaemic stroke, MI or
symptomatic PVD and who have two or more 
additional risk factors

- Patients who have had a major vascular event such as
a stroke, MI or PVD while on aspirin, irrespective of 
other risk factors

- Patients who are aspirin-intolerant 

� Clopidogrel in combination with standard therapy,
including aspirin, should be given to:

- Patients with UA/NSTEMI

� It is necessary for GPs to assess each patient’s risk of
developing a further vascular event when considering
whether to continue clopidogrel treatment

� The developing role of PCOs as service providers across
both primary and secondary care should help to 
facilitate consistent pathways of care and prescribing
practices for patients with vascular disease
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