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Abstract: The pathogenesis of ST-elevation myocardial infarction (STEMI) involves plaque
disruption, platelet aggregation and intracoronary artery thrombus formation. Aspirin is the
cornerstone of antiplatelet therapy in patients with STEMI, reducing the risk of recurrent
myocardial infarction or death during the acute phase and long term by about one-quarter.
Recent large randomized trials have demonstrated that the addition of clopidogrel to aspirin
reduces the risk of major ischemic events by up to a further one-third in patients with STEMI
treated with fibrinolytic therapy and undergoing percutaneous coronary intervention, with no
significant increase in bleeding. Thus, dual antiplatelet therapy with the combination of
clopidogrel and aspirin is becoming the new standard of care for the management of patients
with STEMI.
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Introduction

In the USA, approximately 865 000 people will suffer an acute ST-segment elevation
myocardial infarction (STEMI) per year (America Heart Association 2006). Most
cases of STEMI are a result of ruptured atherothrombotic plaque leading to thrombotic
occlusion of a coronary artery. Timely restoration of coronary blood flow with
fibrinolytic therapy (Rentrop et al 1979) or percutaneous coronary intervention
salvages myocardium, reduces infarct size, and prolongs survival (DeWood et al
1980; Keeley et al 2003).

Platelets play a pivotal role in the pathogenesis of acute coronary artery thrombosis.
Spontaneous atherosclerotic plaque rupture or mechanical plaque disruption during
catheterization of an atheromatous coronary artery exposes subendothelial proteins
to the circulating blood which leads to platelet adhesion, activation, and aggregation.
Release of tissue factor activates the coagulation system and leads to thrombin
generation. Thrombin converts fibrinogen to fibrin and further activates platelet,
leading to the recruitment of additional platelets to the site of vascular injury. Activated
platelets provide a phospholipid surface for the assembly of pro-coagulant clotting
factors. The resulting intracoronary thrombus can obstruct blood flow, causing
myocardial ischemia and the clinical manifestations of STEMI.

The benefits of antiplatelet drugs in patients with STEMI were first conclusively
demonstrated in the Second International Study of Infarct Survival (ISIS-2) trial
which randomized 17 187 patients presenting within 24 hours of onset of suspected
STEMI to intravenous streptokinase, aspirin 162.5 mg/day for 30 days, both, or neither
(ISIS-2 1988). At the end of 5 weeks, aspirin reduced the risk of vascular death by
23% and non-fatal myocardial infarction or stroke by 49% and 46%, respectively,
with no increase in major or intracranial bleeding. Despite the use of aspirin and
thrombolysis; however, 20% of STEMI patients did not obtain reperfusion of the
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infarct-related artery, and an additional 4%—6% of patients
developed re-occlusion of the infarct-related artery during
the index hospitalization (Dalen et al 1988, Fibrinolytic
Therapy Trialists’ [FTT] Collaborative Group 1994).
Furthermore, as many as 10% of patients with acute coronary
syndromes (ACS) who are treated with long-term aspirin
experience myocardial infarction, stroke, or death during
the next 2—3 years (Antithrombotic Trialists’ Collaboration
2002) These data suggest that more intensive antiplatelet
therapy may be required.

Clopidogrel (Plavix®, Sanofi-Aventis, Paris France) is
an oral antiplatelet drug of thienopyridine class. An active
metabolite of clopidogrel irreversibly inhibits platelet
activation and aggregation by blocking the P,Y, adenosine
diphosphate (ADP) receptor (Quinn and Fitzgerald 1999;
Patrono et al 2001). In patients with non-ST elevation ACS
and those undergoing percutaneous coronary intervention
(PCI), the combination of clopidogrel and aspirin reduces
the risk of recurrent myocardial infarction (MI) or death by
20%-30% (Mehta et al 2001; Yusufet al 2001; Steinhubl et
al 2002). Dual antiplatelet therapy with the combination of
clopidogrel and aspirin has recently also been evaluated in
patients with STEMI. This review will discuss the role of
clopidogrel in STEMI patients treated medically (no PCI),
undergoing PCI, and undergoing coronary artery bypass

surgery.

STEMI patients treated medically
(no PCI)

Given the complementary antiplatelet effects of aspirin and
clopidogrel among patients with non ST-elevation
myocardial infarction (Yusufet al 2001) it was hypothesized
that clopidogrel on a background of standard care (including
aspirin and fibrinolytic therapy) would prevent re-occlusion,
enhance infarct-related artery patency, and improve clinical
outcomes in patients with acute STEMI. Two large
randomized trials have compared the combination of
clopidogrel and aspirin with aspirin alone as an adjunct to
standard therapy in patients with STEMI (Chen et al 2005;
Sabatine et al 2005a).

The CLopidogrel as Adjunctive Reperfuslon TherapY
(CLARITY) — Thrombosis In Myocardial Infarction (TIMI)
28 Trial was a randomized, double-blind, trial comparing
clopidogrel with placebo in 3491 patients aged 18—75 years
who presented within 12 hours of onset of symptoms of
STEMI (Sabatine et al 2005a). Patients were randomized
to receive a 300-mg loading dose of clopidogrel followed
by 75 mg once-daily or placebo. More than 99% of patients

also received fibrinolytic therapy. Study treatment was
continued until the time of angiography (2-8 days after
randomization) or hospital discharge (maximum of 8 days)
if angiography was not performed. Open-label clopidogrel
therapy was continued post-angiography at the discretion
of the treating physician. All patients also received aspirin,
heparin (either unfractionated heparin [UFH] or low-
molecular-weight heparin [LMWH]), and a fibrinolytic
agent.

The incidence of the primary outcome, a composite of
occlusion of infarct-related artery on angiography, or death
or MI prior to angiography, was significantly reduced
among patients receiving clopidogrel compared with
placebo (15.0% clopidogrel vs 21.7% placebo, odds
reduction 36%; 95% CI: 24%-47%; p<0.001), and a
consistent treatment effect was evident across all subgroups
of patients (Figure 1) (Sabatine et al 2005a). Clopidogrel
had the greatest effect on reducing the rate of an occluded
infarct-related artery (18.4% placebo vs 11.7% clopidogrel;
41% odds reduction; 95% CI: 0.28-0.52; p<<0.001) and there
was a consistent reduction in recurrent MI (3.6% placebo
vs 2.5% clopidogrel; 30% odds reduction; p=0.08) but no
reduction in death (2.2 placebo vs 2.6% clopidogrel;
p=0.49).

At 30 days, clopidogrel significantly reduced the odds
of the composite outcome of cardiovascular death, recurrent
M1, or recurrent ischemia leading to urgent revascularization
by 20%: 0.80 (95% CI: 0.65-0.97; p=0.03). There also was
a statistically significant 31% reduction in the odds of
recurrent MI in the clopidogrel group compared with placebo
but there was no difference in the rate of cardiovascular
death, and a non-significant 24% reduction in the odds of
recurrent myocardial ischemia leading to need for urgent
revascularization (4.5% placebo vs 3.5% clopidogrel;
p=0.11)

The incidence of TIMI major and minor bleeding was
similar in the clopidogrel and placebo groups (major
bleeding: 1.3% clopidogrel vs 1.1% placebo; p=0.64; and
minor bleeding: 1.0% clopidogrel vs 0.5% placebo; p=0.17).
There was no significant difference in the incidence of
intracranial hemorrhage between the two randomized
treatment groups (0.5% clopidogrel vs 0.7% placebo;
p=0.38).

The Clopidogrel and Metoprolol in Myocardial
Infarction Trial (COMMIT) randomized 45852 patients
presenting within 24 hours of onset of symptoms of
suspected MI to receive clopidogrel versus placebo and
metoprolol versus placebo using a 2 x 2 factorial design
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Number of Odds Event rates (%)

Characteristic patients reduction Clopidogrel Placebo
OVERALL —- 3491 36 15.0 217
Age

<65 years —— 2466 42 13.2 21.0

265 years —a— 1015 22 19.0 23.1
Gender

Male —- 2796 35 14.5 208

Female —_— 685 38 16.9 24.7
Infarct location ‘

Anterior —— 1416 33 15.0 20.7

Non anterior —.— 2065 38 15.0 22
Fibrinolytic

Fibrin specific + 2397 31 14.7 20.1

Non fibrin specific R — 1084 44 15.7 24.9
Predominant heparin

LMWH —a— 1429 31 11.4 15.7

UFH —— 1431 42 17.8 27.1

None = 621 26 17.1 21.9

| 1 1 1 1
0.4 0.6 0.8 1.0 1.2 1.6
Clopidogrel better Placebo better

Figure | Death, myocardial infarction or occlusion of infarct-related artery on angiography in the CLARITY randomized trial. Reproduced from Sabatine MS, Cannon
CP, Gibson CM, et al. 2005a. Addition of clopidogrel to aspirin and fibrinolytic therapy for myocardial infarction with ST-segment elevation. N Engl | Med, 352:1179-89.

Copyright © 2005 Massachusetts Medical Society.

(Chen et al 2005). Patients received aspirin 162mg daily
and were randomized to clopidogrel 75 mg daily (no loading
dose) or placebo. 55% of patients received fibrinolytic
therapy, which was administered prior to randomization in
the majority of cases. Study treatments were continued until
hospital discharge or for 28 days and the co-primary
outcomes were death and the composite of death, recurrent
MI, or stroke.

Among the broad range of acute STEMI patients
randomized in the COMMIT study (ECG changes: ST-

Placebo
91 (8.1%)
81 RRR=7%
p=0.03
71 Clopidogrel
6 (7.5%)
Mortality 57
%) 4
39
21
11
0 T T T T Days
0 7 14 21 28

Figure 2 Effect of clopidogrel on death before first discharge from hospital in
COMMIT. Reproduced from Chen ZM, Jiang LX, Chen YP, et al. 2005. Addition of
clopidogrel to aspirin in 45,852 patients with acute myocardial
infarction:randomised placebo-controlled trial. Lancet, 366:1607-21. Copyright ©
2005, with permission from Elsevier.

segment elevation or left bundle block branch) clopidogrel
reduced the relative risk of death by 7% compared with
placebo (7.5% clopidogrel vs 8.1% placebo; 95% CI: 0.01—
0.13; p=0.03) (Figure 2) and reduced the relative risk of the
composite outcome of death, recurrent MI or stroke by 9%
(9.2% clopidogrel vs 10.1% placebo; 95% CI: 0.03-0.14;
p=0.002) (Figure 3). The results were consistent in patients

Placebo
(10.1%)
10 - RRR=9%
9] 1 P=0.002
81 Clopidogrel
7 (9:3%)
6 -
Events
%) 37
4 -
3 -
2 -
1 -
0 ) ) ) )
0 7 14 21 28

Figure 3 Effects of clopidogrel on primary end point, a composite of death,
reinfarction, or stroke before first discharge from hospital in COMMIT
Reproduced from Chen ZM, Jiang LX, Chen YP, et al. 2005. Addition of
clopidogrel to aspirin in 45,852 patients with acute myocardial
infarction:randomised placebo-controlled trial. Lancet, 366:1607-21. Copyright ©
2005, with permission from Elsevier.
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treated with fibrinolytic therapy compared with those who
did not receive fibrinolytic therapy. Clopidogrel also reduced
the risk of non-fatal MI (1.2% clopidogrel vs 1.4% placebo;
p=0.01), but did not reduce the risk of non-fatal stroke (0.6%
clopidogrel vs 0.6% placebo; p=0.33). There was no
difference in the combined incidence of ischemic and
hemorrhagic strokes among patients treated with clopidogrel
compared with placebo (0.9% clopidogrel vs 1.1% placebo;
p=0.11).

Clopidogrel compared with placebo did not increase the
risk of major non-cerebral bleeding (fatal and transfused)
and cerebral bleeding (0.58% clopidogrel vs 0.55% placebo;
p=0.59) and did not increase fatal cerebral bleeding (0.17%
vs 0.18%; p=NS) or non-fatal cerebral bleeding (0.07%
clopidogrel vs 0.07% placebo).

Comparing CLARITY and COMMIT

trials

The major differences between the CLARITY and COMMIT
trials are summarized in Table 1. The CLARITY trial
(Sabatine et al 2005a) did not include patients older than 75
years or patients presenting more than 12 hours after
symptom onset. All patients received a 300-mg loading dose
of clopidogrel and the duration of exposure to study drug
was 2—-3 days (median 4 doses). Almost all patients received
fibrinolysis (slightly more than one-half of the patients
subsequently underwent PCI), and patency of the infarct-
related artery was included as a component of the primary
efficacy outcome. By contrast, the COMMIT trial (Chen et
al 2005) did not have an upper age limit (26% were aged
greater than 70 years), also included patients between 12
and 24 hours after onset of symptoms, and did not administer
a loading dose of clopidogrel. Study drug was continued
for 2-3 weeks (mean 14.9 days), one-half of patients did

Table 1 Comparison of the CLARITY and COMMIT
randomized clinical trials (Chen et al 2005; Sabatine et al
2005a)

Characteristic COMMIT CLARITY
Patients (n) 45852 3491

Outcome Death/Ml/stroke Infarct patency
Symptom onset, hours <24 <2

Age, years Up to 100 Upto 75
Loading dose given No Yes
Thrombolysis One-half of patients All patients
Duration clopidogrel, days 2-3 weeks 2-3 days
Follow-up PCI Very few patients Two thirds

Abbreviations: PCI, percutaneous coronary intervention.

not receive fibrinolysis, and only 3% of patients
subsequently underwent PCI.

The results of the CLARITY and COMMIT studies are
complementary. The CLARITY study demonstrated that the
addition of clopidogrel to aspirin in patients with STEMI
improved coronary perfusion and the COMMIT study
demonstrated improvements in clinical outcomes, with a
reduction in both death and recurrent ischemic events among
patients randomized to clopidogrel. Clopidogrel did not
increase major bleeding or intracranial hemorrhage, despite
the use of a loading dose in CLARITY and the inclusion of
patients aged greater than 75 years in COMMIT.

Based on the results of COMMIT and CLARITY, for
every one thousand patients with STEMI treated in hospital
for about 2-3 weeks, the addition of clopidogrel to standard
care, including aspirin, saves 50 lives and prevents another
50 major cardiovascular events.

STEMI patients undergoing PCI
Efficacy of clopidogrel in PCI

Early trials demonstrated the efficacy of ticlopidine plus
aspirin compared with aspirin plus anticoagulation to
prevent stent thrombosis in patients undergoing PCI (Berger
et al 1998; Bertrand et al 1998; Leon et al 1998; Urban et al
1998; Smith et al 2001). The Clopidogrel Aspirin Stent
International Cooperative Study (CLASSICS) suggested that
clopidogrel was as effective as ticlopidine to prevent
ischemic complications in patients undergoing PCI
(Bertrand et al 2000) and clopidogrel subsequently replaced
ticlopidine for this indication because, unlike ticlopidine, it
does not cause potentially fatal neutropenia. The PCI
substudy of the Clopidogrel in Unstable Angina to prevent
Recurrent Ischemic Events (CURE) trial demonstrated that
pre-treatment with clopidogrel (median duration of pre-
treatment of 10 days) compared with placebo was associated
with a 30% reduction in myocardial infarction, stroke, or
cardiovascular death at 30 days (RR 0.70; 95% CI: 0.50-
0.97, p=0.03) and a continuing benefit out to 1 year (RR
0.72; 95% CI: 0.52-0.96) (Mehta et al 2001). The
Clopidogrel for the Reduction of Events During Observation
(CREDO) trial provided additional supporting evidence of
a benefit of clopidogrel pre-treatment in patients undergoing
PCI (Steinhubl et al 2002). Analysis by duration of pre-
treatment demonstrated that patients who received
clopidogrel at least 6 hours before PCI had a 38.6%
reduction in the risk events which was borderline statistically
significant (p=0.051).
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STEMI patients undergoing primary PCI
There are no randomized trials that have specifically
evaluated the use of combined clopidogrel and aspirin in
patients with STEMI undergoing primary PCI.

STEMI patients undergoing PCl after

initial medical therapy

The PCI-CLARITY study was a prospectively planned
analysis of the 1863 patients undergoing PCI after mandated
angiography in the CLARITY trial (Sabatine et al 2005b).
Pre-treatment with clopidogrel for an average of 3 days prior
to PCI significantly reduced the incidence of cardiovascular
death, M1, or stroke (3.6% clopidogrel vs 6.2% placebo;
adjusted OR 0.54, 95% CI: 0.35-0.85; p=0.008). Pre-
treatment with clopidogrel also reduced the incidence of
MI or stroke prior to PCI (4.0% clopidogrel vs 6.2% placebo;
OR, 0.62, 95% CI: 0.40-0.95; p=0.03). Overall, pre-
treatment with clopidogrel resulted in a highly significant
reduction in cardiovascular death, MI, or stroke from
randomization through 30 days (7.5% clopidogrel vs 12.0%
placebo; adjusted OR, 0.59, 95% CI: 0.43—-0.81; p=0.001;
number needed to treat = 23). There was no significant
excess in the rates of TIMI major or minor bleeding (2.0%
clopidogrel vs 1.9% placebo; p=0.99). These data add further
support to the early use of clopidogrel in STEMI and the
strategy of routine clopidogrel pre-treatment in patients
undergoing PCI.

A pooled analysis of the results of PCI-CLARITY, PCI-
CURE, and CREDO trials by Sabatine and colleagues
demonstrated a significant reduction in the risk of
cardiovascular events before and after PCI suggesting that
clopidogrel pre-treatment should be started as soon as
possible in patients undergoing PCI, including patients
presenting with STEMI (Sabatine et al 2005b).

STEMI patients undergoing
coronary artery bypass graft
(CABG) surgery

There are limited randomized data regarding the role of
clopidogrel in patients undergoing CABG surgery and the
majority of the available data relate to non-STEMI patients.
In the CURE study, 2072 of 12562 patients with non-ST-
elevation ACS underwent surgical revascularization during
the trial (Fox et al 2004). The median time from
randomization to CABG in the overall trial was 26 days
and among patients undergoing CABG during initial

hospitalization was 12 days. Compared with aspirin alone,
clopidogrel combined with aspirin was associated with a
19% reduction in the risk of cardiovascular death, MI, or
stroke among patients undergoing CABG surgery during
the initial hospitalization (13.4% clopidogrel vs 16.4%
placebo; RR 0.81, 95% CI: 0.59—-1.12), and an 11% relative
risk reduction among patients who underwent CABG at any
time during the 9-month treatment period (14.5%
clopidogrel vs 16.2% placebo; RR 0.89, 95% CI: 0.71-1.11).
The benefits of clopidogrel were seen mainly in the pre-
operative period (RR 0.82; 95% CI: 0.58-1.16) and less so
in the post-operative period (RR 0.97; 95% CI: 0.74-1.26).
However, the post-operative data need to be interpreted with
caution because clopidogrel was withheld for a median of
10 days after surgery, and was restarted in only 75% of those
who stopped the drug before surgery.

Observational studies suggest that pre-operative
exposure to clopidogrel and aspirin in patients undergoing
CABG surgery increases the risk of post-operative bleeding.
In a prospective observational study involving 312
consecutive patients requiring urgent or emergent CABG
surgery, Chu and colleagues reported that clopidogrel use
within 4 days of surgery was an independent risk factor for
increased transfusion requirements (OR 4.22, 95% CI: 20.7—
9.34; p=0.001) and was associated with increased blood loss
and reoperation due to bleeding (Chu et al 2004). Yende
and colleagues reported an increase in transfusion
requirements (72.6% clopidogrel vs 51.6% no clopidogrel,
p=0.007) and re-operation rates (9.8% vs 1.6%, p=0.01)
among 247 patients who had received clopidogrel and
aspirin within 5 days of surgical revascularization compared
with those who did not (Yende and Wunderink 2001). Hongo
and colleagues reported a statistically significant increase
in 24 hour chest tube blood loss and transfusion requirements
and a tenfold increase in re-operation for bleeding (0.6%
no clopidogrel vs 6.8% clopidogrel, p=0.018) among 224
patients who had received clopidogrel within 7 days of
surgery compared with those who did not (Hongo et al
2002).

Information regarding the bleeding risk of clopidogrel
in CABG surgery is also available from randomized trials.
In a subgroup analysis of 912 patients who had stopped
clopidogrel less than 5 days before CABG surgery in the
CURE trial (Yusuf et al 2001) there was increased risk of
minor bleeding (5.1% clopidogrel vs 2.4% placebo,
p<0.001) and a trend towards an increased risk of major
bleeding (9.6% clopidogrel vs 6.3% placebo, p=0.06) among
patients in the clopidogrel group compared with placebo.
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In contrast, there was no excess of major bleeding after
CABG surgery among patients who discontinued
clopidogrel at least 5 days prior to surgery (4.4% clopidogrel
vs 5.3% placebo; p=0.53).

In the CREDO trial (Leon et al 1998), three-quarters of
all major bleeds occurred in patients undergoing CABG,
although there was no difference in bleeding risk between
treatment groups (68% clopidogrel vs 78% placebo).

In the CLARITY trial, pre-treatment with clopidogrel
did not lead to a significant increase in major bleeding at 30
days among 136 patients who underwent CABG during the
initial hospitalization (7.5% clopidogrel vs 7.2% placebo;
p=1.00), including those who had CABG within 5 days of
cessation of clopidogrel (9.1% clopidogrel vs 7.9% placebo;
p=1.00) (Urban et al 1998).

Taken together, these data suggest that caution should
be exercised when prescribing clopidogrel to those in whom
CABG surgery is likely to be performed within 5-7 days,
balancing the risk of recurrent cardiac ischemia and the risk
of post-operative bleeding and its consequences (Levine et
al 2003).

Cannon and colleagues recently reviewed the literature
evaluating the benefits and risks of oral antiplatelet therapy
among patients undergoing CABG surgery and proposed
the following approach: For patients undergoing elective
CABG, clopidogrel should be withdrawn 5 days prior to
surgery. Among high-risk patients requiring urgent CABG,
if safe to do so, surgery should be scheduled in 3-5 days
while withholding clopidogrel. If not, proceed to surgery
on a background of antiplatelet therapy with the aim of
reducing the pre-operative risk of MI, and intervene with
early platelet transfusion and aprotinin and tranexamic acid
if bleeding occurs (Cannon et al 2005).

Other unresolved issues associated
with clopidogrel in STEMI

Need for a loading dose of clopidogrel
and possible effect of loading dose on

bleeding

The CLARITY and COMMIT studies do not clarify whether
a loading dose of clopidogrel (300mg) compared with no
loading dose confers additional benefit or if it increases the
risk of bleeding in elderly patients. An initial loading dose
of clopidogrel achieves more rapid and complete platelet
inhibition but, even without its use, there was already a
separation of the time-to-event curves during the first 12

hours in the COMMIT study, and there was a significant
reduction in death by the end of day one (11%, 99% CI:
0%—-20%; p=0.01). The benefits of clopidogrel administered
without a loading dose are achieved without an excess of
major bleeding, even in the those aged greater than 70 years
(n=11934). In the younger STEMI patient population (mean
age 57 years) in the CLARITY trial, the use of a loading
dose of clopidogrel of 300mg followed by 75 mg daily for
2-3 days did not increase bleeding. These data indicate that
a loading dose of clopidogrel can be safely administered in
STEMI patients aged less than 75 years and that clopidogrel
is effective in those aged greater than 70 years even without
a loading dose.

Optimal duration of combined
antiplatelet therapy in patients with
STEMI

There are no randomized trials assessing the long-term (>28
days) effect of clopidogrel in patients with STEMI. A benefit
of extended duration treatment with clopidogrel has,
however, been suggested in patients with unstable coronary
artery disease without STEMI and in patients undergoing
PCI. In the CURE study involving 12562 aspirin-treated
patients with non-ST elevation acute coronary syndrome,
the combination of clopidogrel administered as a 300-mg
loading dose followed by 75 mg/day for 3—12 months was
superior to placebo in preventing the primary composite
outcome of stroke, MI, and vascular death (RR 0.80; 95%
CI: 0.72-0.90, p<0.001) (Yusuf et al 2001). The benefits of
clopidogrel emerged within the first 24 hours of
commencing treatment and continued to accrue throughout
the duration of the study.

The CREDO study examined the effect of long-term (12
months) treatment with clopidogrel in patients undergoing
elective PCI (Steinhubl et al 2002). All patients received
clopidogrel for the first 28 days after PCI but thereafter
patients who had received pre-treatment with clopidogrel
continued treatment with clopidogrel 75 mg/day while those
who received pre-treatment placebo continued treatment
with placebo. At 1 year, clopidogrel compared with placebo
was associated with a 26.9% (95% CI: 3.9%-44.4%;
p=0.02) reduction in the primary composite outcome of M1,
stroke, and cardiovascular death. A subgroup analysis
demonstrated that continued treatment with clopidogrel
beyond 28 days was associated with a further 37.4% relative
risk reduction in the composite outcome of M1, stroke, and
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cardiovascular death (95% CI: 1.8%—60.1%, p=0.04). There
was a no significant increase in the risk of bleeding at 1
year (8.8% clopidogrel and aspirin vs 6.7% aspirin alone,
p=0.07) (Steinhubl et al 2002).

Stent thrombosis following PCI is a serious
complication, associated with a 30-day mortality rate of
approximately 10% (Cutlip et al 2001). Refinement in stent
deployment techniques in combination with dual antiplatelet
therapy (aspirin and thienopyridine) have reduced the
incidence of stent thrombosis to approximately 1% (Leon
et al 1998; Bertrand et al 2000; Muller et al 2000; Cutlip et
al 2001). The combination of clopidogrel 75 mg/day with
or without a loading dose of 300 mg started post procedure
and continued for 4 weeks among patients receiving bare-
metal (non-drug-eluting) stents is highly effective in
reducing the rate of thrombotic stent occlusion with no
significant increase the rate of bleeding (Bertrand et al 2000;
Muller et al 2000).

Drug-eluting stents containing sirolimus (Cordis, Miami
Lakes, FL, USA) or paclitaxel (Boston Scientific, Natick,
MA, USA) markedly reduce neo-intimal hyperplasia and
subsequent restenosis (Sousa et al 2001; Morice et al 2002;
Park et al 2003) especially among patients with risk factors
for restenosis, such as diabetes mellitus, small-vessel
disease, and long-lesion lengths. Because of the concern
that late stent thrombosis may occur in such patients, most
randomized clinical trials comparing the efficacy and safety
of drug-eluting and bare-metal stents extended combined
clopidogrel and aspirin treatment to 3—6 months in those
who received a drug-eluting stent (Moses et al 2003; Park
et al 2003; Holmes et al 2004; Stone et al 2004a, 2004b).
However, the occurrence of stent thrombosis after
discontinuation of clopidogrel at 6 months in 1% of patients
who have received a drug-eluting stent has prompted some
clinicians to recommend long-term or indefinite clopidogrel
in these patients.

Taken together, the data indicate that clopidogrel should
be continued for up to 1 month in patients with STEMI, for
at least 1 month after PCI involving a bare metal stent, and
for at least 3—6 months after PCI involving a drug-eluting
stent. There is no direct evidence for continuing clopidogrel
beyond 1 month in patients with STEMI or beyond 3—-6
months in those undergoing PCI with a drug-eluting stent
but indirect evidence from trials of patients with unstable
coronary artery disease suggests that clopidogrel may be
beneficial in these patients if continued long term.

Suboptimal response to
clopidogrel (clopidogrel
“resistance”’)

Recent demonstration of variability in the antiplatelet
response of clopidogrel has evoked the concept of
clopidogrel resistance. However, a standardized definition
and laboratory approach to the measurement of the
antiplatelet effect of clopidogrel has not been established,
and there is uncertainty concerning the prognostic
importance of suboptimal antiplatelet response to
clopidogrel in STEMI patients. Matetzky and colleagues
divided 60 patients with STEMI undergoing primary PCI
in quartiles based on the percent inhibition of ADP-induced
platelet aggregation at day 6 compared with baseline
(Matetzky et al 2004). All patients received a loading dose
of clopidogrel of 300 mg followed by a maintenance dose
of 75mg/day. Six of the 15 patients in the first (lower)
quartile of percent inhibition of ADP-induced platelet
aggregation developed a recurrent vascular event (STEMI,
subacute stent thrombosis, acute coronary syndrome, or
peripheral arterial occlusion) during 6 months of follow up
compared with only 1 of 15 patients in the second quartile
and none in the third and fourth (upper) quartiles. Before
any firm conclusions can be made about the clinical
relevance of suboptimal antiplatelet response to clopidogrel,
the results need to be reproduced in larger prospective
studies.

There is evolving evidence that higher doses of
clopidogrel improve laboratory response. Among patients
undergoing elective PCI, several observational studies have
reported that a loading dose of clopidogrel of 600mg is
associated with greater platelet function inhibition compared
with a 300-mg loading dose (Angiolillo et al 2004; Gurbel
et al 2005). The Antiplatelet therapy for Reduction of
Myocardial Damage during Angioplasty (ARMYDA-2)
Study reported that compared with a loading dose of
clopidogrel of 300 mg, pretreatment with a 600-mg loading
dose of clopidogrel 4—-8 hours before elective PCI
significantly reduces the primary outcome at 30 days, a
composite of death, MI, or target vessel revascularization
(12% vs 4%; p=0.041) and 50% risk reduction of MI (OR
0.48; 95% CI: 0.15-0.97; p=0.044) (Patti et al 2005). The
size of the treatment effect of the 600-mg loading dose of
clopidogrel observed in ARMYDA-2 is, however,
implausibly large and requires confirmation. There is no
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evidence that a higher dose of clopidogrel improves clinical
outcome among STEMI patients.

Guidelines for antiplatelet therapy
in ST-segment elevation

myocardial infarction

The American College of Cardiology/American Heart
Association (ACC/AHA) Guidelines for the Management
of Patients with STEMI 2004 recommend aspirin 160—
325mg/day given on day 1 of acute myocardial infarction
and continued indefinitely thereafter in all patients using a
dose of 75-162 mg/day (Antman et al 2004). In light of the
results of the COMMIT (no loading dose of clopidogrel
given) and CLARITY (loading dose of clopidogrel in
STEMI patients <75 years) trials, it seems reasonable to
add clopidogrel to aspirin in patients presenting with STEMI
as an adjunct to fibrinolytic therapy (Chen et al 2005;
Sabatine et al 2005a). The safety of using a loading dose of
clopidogrel of 300 mg in STEMI patients aged over 70 years
is unknown, and should be balanced against the risk of
bleeding. The US Food and Drug Administration recently
approved clopidogrel for use in patients with STEMI not
undergoing PCI based on the results of the COMMIT and
CLARITY studies (FDA 2006).

For STEMI patients undergoing primary PCI,
clopidogrel should be given as a loading dose of clopidogrel
of 300mg followed by 75mg daily. Treatment should be
continued for at least 1 month after bare metal stent
implantation and for at least 3—6 months after drug-cluting
stent implantation (3 months for sirolimus, 6 months for
paclitaxel). In patients who are not at high risk for bleeding,
it is reasonable to continue clopidogrel for 12 months or
more to prevent late stent thrombosis (Antman et al 2004;
Smith et al 2006). For STEMI patients taking clopidogrel
in whom CABG is planned, the drug should be withheld
for at least 5 days and preferably for 7 days unless the
urgency for revascularization outweighs the risks of
bleeding.

Acknowledgments

Dr Tran is the recipient of the Schering/Haematology Society
of Australia & New Zealand Young Investigator Scholarship
for 2006. Dr Mehta holds a New Investigator Award from
the Canadian Institutes of Health Research. Dr Eikelboom
holds a Tier II Canada Research Chair in Cardiovascular
Medicine from the Canadian Institutes of Health Research.

Disclosures

Dr John W Eikelboom has received honoraria and/or
research grants from Bayer, GSK, McNeil Pharmaceuticals,
Pfizer, Sanofi-Aventis, Thrombovision, and Ventracor. Dr
Shamir R Mehta has received research grant support via
the Population Health Research Institute, Hamilton Health
Sciences and McMaster University from Sanofi-Aventis,
GSK and Bristol Myers Squibb. He has also received
honoraria from Sanofi-Aventis, Bristol Myers Squibb,
McNeil Johnson and Johnson, GSK, Eli Lilly, and
AstraZeneca

References

America Heart Association. 2006. Cardiovascular disease statistics
[online]. Accessed 29 Sept 2006. URL: http://www.americanheart.org/
downloadable/heart/1140534985281Statsupdate06book.pdf.

Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, et al. 2004. High
clopidogrel loading dose during coronary stenting:effects on drug
response and interindividual variability. Eur Heart J, 25:1903-10.

Antithrombotic Trialists’ Collaboration, 2002. Collaborative meta-analysis
of randomised trials of antiplatelet therapy for prevention of death,
myocardial infarction, and stroke in high risk patients. BMJ, 324:71-
86.

Antman EM, Anbe DT, Armstrong PW, et al. 2004. ACC/AHA guidelines
for the management of patients with ST-elevation myocardial
infarction—executive summary:a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (Writing Committee to Revise the 1999 Guidelines for
the Management of Patients With Acute Myocardial Infarction).
Circulation, 110:588-636.

Berger PB, Bell MR, Grill DE, et al. 1998. Frequency of adverse clinical
events in the 12 months following successful intracoronary stent
placement in patients treated with aspirin and ticlopidine (without
warfarin). Am J Cardiol, 81:713-8.

Bertrand ME, Legrand V, Boland J, et al. 1998. Randomized multicenter
comparison of conventional anticoagulation versus antiplatelet therapy
in unplanned and elective coronary stenting. The full anticoagulation
versus aspirin and ticlopidine (fantastic) study. Circulation, 98:1597-
603.

Bertrand ME, Rupprecht HJ, Urban P, et al. 2000. Double-blind study of
the safety of clopidogrel with and without a loading dose in
combination with aspirin compared with ticlopidine in combination
with aspirin after coronary stenting: the clopidogrel aspirin stent
international cooperative study (CLASSICS). Circulation, 102:624-
9.

Cannon CP, Mehta SR, Aranki SF. 2005. Balancing the benefit and risk of
oral antiplatelet agents in coronary artery bypass surgery. Ann Thorac
Surg, 80:768-79.

Chen ZM, Jiang LX, Chen YP, et al. 2005. Addition of clopidogrel to
aspirin in 45,852 patients with acute myocardial infarction:randomised
placebo-controlled trial. Lancet, 366:1607-21.

Chu MW, Wilson SR, Novick RJ, et al. 2004. Does clopidogrel increase
blood loss following coronary artery bypass surgery? Ann Thorac
Surg, 78:1536-41.

Cutlip DE, Baim DS, Ho KK, et al. 2001. Stent thrombosis in the modern
era:a pooled analysis of multicenter coronary stent clinical trials.
Circulation, 103:1967-71.

Dalen JE, Gore JM, Braunwald E, et al. 1988. Six- and twelve-month
follow-up of the phase I Thrombolysis in Myocardial Infarction (TIMI)
trial. Am J Cardiol, 62:179-85.

386

Vascular Health and Risk Management 2006:2(4)



Clopidogrel for treatment of STEMI

DeWood MA, Spores J, Notske R, et al. 1980. Prevalence of total coronary
occlusion during the early hours of transmural myocardial infarction.
N Engl J Med, 303:897-902.

Fibrinolytic Therapy Trialists’ (FTT) Collaborative Group.1994.
Indications for fibrinolytic therapy in suspected acute myocardial
infarction:collaborative overview of early mortality and major
morbidity results from all randomised trials of more than 1000 patients.
Lancet, 343:311-22.

Fox KA, Mehta SR, Peters R, et al. 2004. Benefits and risks of the
combination of clopidogrel and aspirin in patients undergoing surgical
revascularization for non-ST-elevation acute coronary syndrome:the
Clopidogrel in Unstable angina to prevent Recurrent ischemic Events
(CURE) Trial. Circulation, 110:1202-8.

Gurbel PA, Bliden KP, Zaman KA, et al. 2005. Clopidogrel loading with
eptifibatide to arrest the reactivity of platelets: results of the
Clopidogrel Loading With Eptifibatide to Arrest the Reactivity of
Platelets (CLEAR PLATELETS) study. Circulation, 111:1153-9.

Holmes DR Jr, Leon MB, Moses JW, et al. 2004. Analysis of 1-year clinical
outcomes in the SIRIUS trial:a randomized trial of a sirolimus-eluting
stent versus a standard stent in patients at high risk for coronary
restenosis. Circulation, 109:634-40.

Hongo RH, Ley J, Dick SE. et al. 2002. The eftect of clopidogrel in
combination with aspirin when given before coronary artery bypass
grafting. J Am Coll Cardiol, 40:231-7.

ISIS-2 (Second International Study of Infarct Survival) Collaborative.1988.
Randomised trial of intravenous streptokinase, oral aspirin, both, or
neither among 17,187 cases of suspected acute myocardial infarction:
ISIS-2. Lancet, 2:349-60.

Keeley EC, Boura JA, Grines CL. 2003. Primary angioplasty versus
intravenous thrombolytic therapy for acute myocardial infarction:a
quantitative review of 23 randomised trials. Lancet, 361:13-20.

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

Levine GN, Kern MJ, Berger PB, et al. 2003. Management of patients
undergoing percutaneous coronary revascularization. Ann Intern Med,
139:123-36.

Matetzky S, Shenkman B, Guetta V, et al. 2004. Clopidogrel resistance is
associated with increased risk of recurrent atherothrombotic events in
patients with acute myocardial infarction. Circulation, 109:3171-5.

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

Morice MC, Serruys PW, Sousa JE, et al. 2002. A randomized comparison
of a sirolimus-eluting stent with a standard stent for coronary
revascularization. N Engl J Med, 346:1773-80.

Moses JW, Leon MB, Popma JJ, et al. 2003. Sirolimus-eluting stents versus
standard stents in patients with stenosis in a native coronary artery. N
Engl J Med, 349:1315-23.

Muller C, Buttner HJ, Petersen J, et al. 2000. A randomized comparison
of clopidogrel and aspirin versus ticlopidine and aspirin after the
placement of coronary-artery stents. Circulation, 101:590-3.

Park SJ, Shim WH, Ho DS, et al. 2003. A paclitaxel-eluting stent for the
prevention of coronary restenosis. N Engl J Med, 348:1537-45.
Patrono C, Coller B, Dalen JE, et al. 2001. Platelet-active drugs: the
relationships among dose, effectiveness, and side effects. Chest,

119:39S-63S.

Patti G, Colonna G, Pasceri V, et al. 2005. Randomized trial of high loading
dose of clopidogrel for reduction of periprocedural myocardial
infarction in patients undergoing coronary intervention:results from
the ARMYDA-2 (Antiplatelet therapy for Reduction of MYocardial
Damage during Angioplasty) study. Circulation, 111:2099-106.

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

Rentrop KP, Blanke H, Karsch KR, et al. 1979. Acute myocardial
infarction:intracoronary application of nitroglycerin and streptokinase.
Clin Cardiol, 2:354-63.

Sabatine MS, Cannon CP, Gibson CM, et al. 2005a. Addition of clopidogrel
to aspirin and fibrinolytic therapy for myocardial infarction with ST-
segment elevation. N Engl J Med, 352:1179-89.

Sabatine MS, Cannon CP, Gibson CM, et al. 2005b. Effect of clopidogrel
pretreatment before percutaneous coronary intervention in patients
with ST-elevation myocardial infarction treated with fibrinolytics:the
PCI-CLARITY study. JAMA, 294:1224-32.

Smith SC Jr, Dove JT, Jacobs AK, et al. 2001. ACC/AHA guidelines
for percutaneous coronary intervention (revision of the 1993 PTCA
guidelines)-executive summary:a report of the American College
of Cardiology/American Heart Association task force on practice
guidelines (Committee to revise the 1993 guidelines for
percutaneous transluminal coronary angioplasty) endorsed by the
Society for Cardiac Angiography and Interventions. Circulation,
103:3019-41.

Smith SC Jr, Feldman TE, Hirshfeld JW Jr, et al. 2006. ACC/AHA/SCAI
2005 Guideline Update for Percutaneous Coronary Intervention—
summary article:a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines (ACC/
AHA/SCAI Writing Committee to Update the 2001 Guidelines for
Percutaneous Coronary Intervention). Circulation, 113:156-75.

Sousa JE, Costa MA, Abizaid A, et al. 2001. Lack of neointimal
proliferation after implantation of sirolimus-coated stents in human
coronary arteries:a quantitative coronary angiography and three-
dimensional intravascular ultrasound study. Circulation, 103:192-
5.

Steinhubl SR, Berger PB, Mann JT 3rd, et al. 2002. Early and sustained
dual oral antiplatelet therapy following percutaneous coronary
intervention:a randomized controlled trial. JAMA, 288:2411-20.

Stone GW, Ellis SG, Cox DA, et al. 2004a. One-year clinical results with
the slow-release, polymer-based, paclitaxel-eluting TAXUS stent:the
TAXUS-1V trial. Circulation, 109:1942-7.

Stone GW, Ellis SG, Cox DA, et al. 2004b. A polymer-based, paclitaxel-
eluting stent in patients with coronary artery disease. N Engl J Med,
350:221-31.

[FDA] US Food and Drug Administration. 2006. FDA Approves New
Medical Use for Plavix - Drug benefits Patients with common form
of Heart Attack [online]. Accessed 29 Sept 2006. URL: http://
www.fda.gov/bbs/topics/NEWS/2006/NEW01431.html.

Urban P, Macaya C, Rupprecht HJ, et al. 1998. Randomized evaluation of
anticoagulation versus antiplatelet therapy after coronary stent
implantation in high-risk patients:the multicenter aspirin and
ticlopidine trial after intracoronary stenting (MATTIS). Circulation,
98:2126-32.

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

Yusuf S, Zhao F, Mehta, et al. 2001. Effects of clopidogrel in addition to
aspirin in patients with acute coronary syndromes without ST-segment
elevation. N Engl J Med, 345:494-502.

Vascular Health and Risk Management 2006:2(4)

387







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


