
VOL. 8 SUPPL. 3  2007    REVIEWS IN CARDIOVASCULAR MEDICINE    S27

TEACH-PCI
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Clopidogrel has demonstrated improved outcomes for patients with acute coronary
syndromes in several large randomized controlled trials. However, some questions exist
about the use of clopidogrel in practice. Who benefits from clopidogrel? When should
clopidogrel treatment be initiated? How much clopidogrel should be administered and
for how long? Reviewing the results from trials completed to date that have assessed
clopidogrel in patients with acute coronary syndromes may help to answer some of
these questions. Clinical trial results have demonstrated a reduction in the composite
endpoint of death, myocardial infarction, or stroke for patients with acute coronary
syndromes who received clopidogrel plus aspirin compared with aspirin alone. For this
patient population, early treatment with clopidogrel more than 6 hours before percuta-
neous coronary intervention (PCI) was associated with a reduction in the risk of death
or recurrent ischemic events. The benefits of initiating patients on a 600-mg loading
dose of clopidogrel before PCI have been demonstrated in several clinical trials. Clinical
trial results and current guidelines recommend long-term treatment with clopidogrel for
up to 1 year after PCI.
[Rev Cardiovasc Med. 2007;8(suppl 3):S27-S34]
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Clopidogrel, in addition to aspirin therapy, has demonstrated improve-
ment in outcomes for patients with acute coronary syndromes (ACS) in
several large well-controlled clinical trials. However, the optimal time to

initiate clopidogrel treatment for patients with ACS or patients undergoing per-
cutaneous coronary intervention (PCI) is still currently under debate. Another
unresolved issue is determining the patients for whom the benefits of longer-
term clopidogrel treatment outweigh the risks.
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Who?
The first question to ask is which pa-
tients should be treated with clopi-
dogrel? There are trials across the full
spectrum of ACS, each showing ben-
efit. For patients in the Clopidogrel
in Unstable Angina to Prevent Recur-
rent Ischemic Events (CURE) trial
with unstable angina (UA) or non–ST-
segment elevation myocardial infarc-
tion (NSTEMI), there was a 20% re-
duction in cardiovascular death,
myocardial infarction (MI), or stroke
seen when adding clopidogrel to as-
pirin.1 This benefit was seen in pa-
tients treated medically, those who
underwent PCI, or those who under-
went coronary artery bypass grafting
(CABG) surgery. Clopidogrel was
beneficial in high-, medium-, and
low-risk patients, and each subgroup
assessed.

For patients with ST-segment ele-
vation myocardial infarction (STEMI),
the Clopidogrel as Adjunctive Reper-
fusion Therapy–Thrombolysis in
Myocardial Infarction (CLARITY–
TIMI) 28 trial demonstrated that the

addition of clopidogrel to a regimen
of aspirin, heparin, and a throm-
bolytic agent improved infarct-re-
lated artery patency rates and re-
duced ischemic complications by
20%.2 Bleeding rates were similar be-
tween the clopidogrel and placebo
groups in this trial. Likewise, in the
Clopidogrel and Metoprolol in My-
ocardial Infarction Trial (COMMIT)
assessing 45,852 patients with MI
(93% with STEMI), the addition of
clopidogrel to aspirin was associated
with a 7% reduction in mortality and
a 9% reduction in major cardiovas-
cular events, without an increase in
intracranial hemorrhage or major
bleeding.3

In the Clopidogrel for the Reduc-
tion of Events During Observation
(CREDO) trial, patients scheduled to
undergo elective PCI were random-
ized to pretreatment with either a
300-mg loading dose of clopidogrel
or placebo. All patients received 28
days of clopidogrel at 75 mg/day
after the procedure as well as 1 year
of aspirin therapy. Patients assigned
to the clopidogrel group continued
on clopidogrel at 75 mg/day for 1
year.4 At 1-year follow-up, long-term
clopidogrel treatment was associated
with a 27% reduction in the com-
posite endpoint of death, MI, or
stroke. Thus, the question of “who?”
is relatively simple—all patients with
ACS or undergoing PCI should re-

ceive clopidogrel (assuming no ex-
cessive bleeding risks), but issues of
timing arise when factoring in the
treatment strategy.

When?
The timing of clopidogrel treatment
is also a major issue and centers
around the fact that clopidogrel is an
irreversible inhibitor of the P2Y12

receptor, a component of the adeno-
sine diphosphate receptor. Thus, if
clopidogrel is given, and a patient
needs to proceed to CABG, the an-
tiplatelet effect will still be evident,
and the patient will face an increased
risk of bleeding.1 This issue is in the
forefront of management of patients
with ACS, where 2 approaches have
evolved. One approach is to initiate
treatment early (eg, in the emer-
gency department) as in the clinical
trials. The other approach is to wait

until the patient undergoes cardiac
catheterization, when the coronary
anatomy can be defined. For the sec-
ond approach, if the patient requires
CABG, then clopidogrel is not initi-
ated; however, if the planned treat-
ment for the patient is PCI or med-
ical therapy, then clopidogrel is
initiated.5

When treatment with clopidogrel
is started early, an advantage is the
potential to reduce early ischemic
events.6 Pretreatment with clopido-
grel is also beneficial for patients
undergoing PCI7; however, a disad-
vantage of initiating clopidogrel
pretreatment in patients prior to
catheterization/PCI is the potential
for increased bleeding in patients

who go on to early CABG.1 The ap-
proach of using clopidogrel only after
cardiac catheterization avoids the in-
creased bleeding risk for patients who
undergo CABG; however, using this
strategy results in loss of the early
ischemic benefit, as well as the pre-
treatment benefit in patients under-
going PCI. Thus, the issue becomes a
balance of the benefits and risks of
early treatment with clopidogrel.

Early Initiation
The clinical outcomes of early initia-
tion of clopidogrel in ACS,6 as well as
the benefits and risk in patients un-
dergoing CABG from the CURE trial,
have been published.8 Over the first
24 hours, there is a 34% reduction
in relative risk of death or recurring
ischemic events.6 Thus, by starting
clopidogrel in the emergency depart-
ment for patients with ACS, by the
next day, for every 100 patients
treated, 1 less patient will experience
death, MI, stroke, or severe recurrent
ischemia.

Patients presenting with ACS or undergoing PCI should receive clopidogrel.

An advantage of early treatment with clopidogrel is the potential to reduce
early ischemic events.
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of a 600-mg loading dose.11 In con-
trast, a loading dose of 300-mg
achieved approximately 75% of the
steady-state level of platelet inhibi-
tion by the 2- to 4-hour time point.11

This effect has been validated in sev-
eral subsequent trials.12-14 However,
in these trials, the full steady-state
level was not achieved until 6 to 8
hours after treatment with 300 mg.

Evidence of the clinical benefit of
a 600-mg loading dose of clopidogrel
has come from 2 sources. First, an
indirect comparison of the results
from the Intracoronary Stenting 
and Antithrombotic Regimen–Rapid
Early Action for Coronary Treatment
(ISAR–REACT) trial and prior trials of
glycoprotein (GP) IIb/IIIa inhibitors
suggested a benefit of pretreatment
with clopidogrel. In ISAR–REACT,
low-risk patients undergoing elective
PCI were all given a 600-mg loading
dose of clopidogrel at least 2 hours
before PCI (average 7 hours) and 75
mg twice daily through the time of
hospital discharge.15 Patients were
then randomized to either abcix-
imab or placebo. There was no clini-
cal benefit for the prevention of ad-
verse cardiac events associated with
abciximab treatment.15

This contrasts with the results
from the Evaluation of Platelet
IIb/IIIa Inhibitor for Stenting (EPIS-
TENT) trial and the Evaluation of
Percutaneous Transluminal Coro-
nary Angioplasty to Improve Long-
term Outcome with Abciximab Gly-
coprotein IIb/IIIa Blockade (EPILOG)
trial. In these trials, abciximab was
seen (without pretreatment of clopi-
dogrel) to reduce cardiovascular end-
points by 40% to 50%.16,17 Thus, by
comparing this ISAR–REACT trial to
the other trials, it suggests that a
large degree of the clinical benefits
that can be achieved with the GP
IIb/IIIa inhibitor could be accom-
plished with the high-dose clopido-
grel pretreatment.

Pretreatment Before PCI
Another advantage of early treat-
ment with clopidogrel is seen among
patients who undergo PCI. In the
Percutaneous Coronary Interven-
tion–Clopidogrel in Unstable Angina
to Prevent Recurrent Ischemic Events
(PCI–CURE) study in the subgroup of
patients undergoing PCI in the
CURE trial, a clear benefit was seen
for patients treated on average 6 to
10 days prior to PCI (thus, at a full,
steady-state level). There was a 30%
reduction in cardiovascular death,
MI, or urgent revascularization.7 A
similar reduction of 30% was seen
for just death or MI. It is worth not-
ing that immediately after stent
placement, patients in the placebo
group of the PCI–CURE trial were
treated with clopidogrel or ticlopi-
dine (open label) for 1 month. Thus,
during the first 30 days after PCI,
when all patients were receiving ac-
tive therapy, the benefit was clearly
due to pretreatment.

Evaluation of more rapid timing of
pretreatment before PCI was evalu-
ated in the CREDO trial. Patients re-
ceived a 300-mg loading dose of
clopidogrel between 3 and 24 hours
before undergoing PCI.4 Overall,
there was an 18.5% reduction in
death, MI, or urgent target vessel
revascularization at 28 days. How-
ever, in the time subgroup analysis,
patients who received clopidogrel
between 3 and 6 hours before PCI
showed no benefit from pretreatment
with a 300-mg loading dose. This
would be akin to administering clopi-
dogrel in the catheterization labora-
tory holding area in the morning
before the procedure was carried out
in the afternoon (and would repre-
sent a longer duration of pretreat-
ment than the frequent practice of
giving a loading dose in the cardiac
catheterization laboratory minutes
before PCI). However, for patients
who received clopidogrel more than

6 hours before PCI (basically the day
before), there was a 38.6% reduction
in death, MI, or urgent target vessel
revascularization. These results were
similar to those seen in the PCI–CURE
trial. Thus, it appears that clopidogrel
dosing needs to be at the steady-state
level to achieve the maximal benefit
with pretreatment before PCI.

A third trial, the Percutaneous
Coronary Intervention–Clopidogrel
as Adjunctive Reperfusion Therapy
(PCI–CLARITY) trial also found a dra-
matic and significant benefit of
clopidogrel pretreatment (300 mg
loading dose, then 75 mg once
daily), with a 46% reduction in the
odds of cardiovascular death, MI, or
stroke within 30 days after PCI com-
pared with “no pretreatment” that
actually included loading of clopido-
grel “on the table” before PCI.9

A meta-analysis of 3 trials showed
that pretreatment with clopidogrel
leads to a significant 29% reduction
in cardiovascular death or MI (after
PCI) compared with no pretreat-
ment. Additionally, there was a
30% reduction in events before
PCI.9 Results from this meta-analysis
led to a Class I, Grade A evidence
recommendation for clopidogrel
pretreatment in the 2005 American
College of Cardiology/American
Heart Association/Society for Car-
diac Angiography and Interven-
tions (ACC/AHA/SCAI) Guideline
Update for Percutaneous Coronary
Intervention.10

How Much?
As a means of attaining a steady-state
level of antiplatelet effect more
rapidly, interest in the use of a 600-mg
loading dose of clopidogrel has
grown. Müller and colleagues evalu-
ated the level of platelet inhibition
associated with clopidogrel use and
found that a steady-state level of
platelet inhibition could be achieved
within 2 hours after administration
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Kandzari and colleagues have ana-
lyzed the timing and found that pre-
treatment for 2 hours or more before
PCI was associated with the same low
event rates,18 thus matching the
platelet studies11-13 that found that a
600-mg loading dose achieved a
steady-state level within 2 hours. Pre-
treatment less than 2 hours before
the procedure (eg, on the cardiac
catheterization table, just minutes
before PCI) has not been tested and
would not be expected to confer the
same benefit because there would not
be sufficient time to achieve ade-
quate platelet inhibition.

Two additional studies also sug-
gested benefit from pretreatment
with a 600-mg dose of clopidogrel.
In a study of patients with ACS, all
patients were pretreated with 600 mg
of clopidogrel at least 2 hours before
PCI and randomized to receive either
abciximab or placebo. There was a
25% reduction in events in the ab-

ciximab group, and a 30% reduction
in events seen in the troponin-posi-
tive patients.19 This compares to a
70% reduction with abciximab seen
when clopidogrel pretreatment is
not used,20 suggesting benefit of the
clopidogrel pretreatment.

The beneficial effect of a 600-mg
loading dose of clopidogrel is also
supported by the results of the An-
tiplatelet Therapy for Reduction of
Myocardial Damage During Angio-
plasty (ARMYDA-2) trial, which di-
rectly compared 300-mg and 600-mg
doses of clopidogrel.21 In this trial of
254 patients undergoing PCI, who
received clopidogrel 4 to 8 hours be-
fore the procedure, the 600-mg load-
ing dose of clopidogrel was asso-
ciated with a significantly lower
rate of major cardiovascular events. 

The Clopidogrel Optimal Loading
Dose Usage to Reduce Recurrent
Events/Optimal Antiplatelet Strategy
for Interventions (CURRENT/OASIS-
7) trial to validate this benefit is cur-
rently under way. This trial has en-
rolled 14,000 patients with ACS
undergoing early invasive strategy
with intent for PCI.22 Results from
the CURRENT/OASIS-7 trial are ex-
pected in 2008.

An approach currently used by the
author depends on the planned
course of treatment. If the patient is
admitted with UA/NSTEMI and car-
diac catheterization is planned for
the same day, a 600-mg loading dose
of clopidogrel is administered (Fig-
ure 1).23 However, if catheterization
is planned for the next day, or a con-
servative strategy is planned a 300-
mg loading dose of clopidogrel is ad-
ministered (Figure 1).

How Long?
The long-term results of clopidogrel
treatment after ACS and after PCI are
remarkably similar—all showing
benefit out to the duration of the
trials—1 year. In the CURE trial, a
20% benefit was seen, in PCI–CURE,
a 30% reduction in death or MI was

also seen out to 1 year, and in
CREDO, in elective PCI patients,
there was a 27% relative risk reduc-
tion in death, MI, or stroke when
treating patients with clopidogrel for
1 year after PCI when compared with
treatment of 1 month. The number
of patients needed to treat for 1 year
after PCI, to prevent 1 patient from
experiencing death, MI, or stroke,
was 33 in the CREDO trial, and only
25 in the PCI–CURE trial. Thus,
clopidogrel is quite an effective treat-
ment in preventing major cardiovas-
cular events in this PCI population.

The significant clinical benefit of
clopidogrel is likely not isolated to
the stented segment alone, but
rather, long-term clopidogrel treat-
ment may also prevent development
of thrombus, and thus associated
clinical events, at other plaques in
the coronary tree. Several studies
have looked at the diffuseness of dis-
ease and found that in patients with
ACS, most have other vulnerable
plaques in additional to the culprit
lesion.24 In a trial that used an-
gioscopy and angiography to evalu-
ate the coronary arteries of patients
after MI, no apparent stenoses were
seen in the nonculprit arteries; how-
ever, with angioscopy, multiple vul-
nerable plaques were seen in the
coronary arteries.24 Aggressive med-
ical treatment after PCI is directed
at these other vulnerable plaques,

Reduction in death or MI was seen out to 1 year in the CURE and CREDO
trials.

Clopidogrel 600 mg Clopidogrel 300 mg

Patient with
UA/NSTEMI in

emergency dept 

Cath planned
same day 

Cath planned next
day or conservative

strategy 

Figure 1. An approach to choosing the ini-
tial loading dose of clopidogrel. Cath,
catheterization; NSTEMI, non–ST-segment
elevation myocardial infarction; UA, unsta-
ble angina. Reprinted with permission from
Cannon CP.23
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which represent “hidden disease”—
the target of long-term treatment
with high-dose statins, aspirin, an-
giotensin-converting enzyme in-
hibitors, and now clopidogrel. Thus,
in patients with stent placement,
there are 2 simultaneous indications
for the use of clopidogrel. One indi-
cation is to prevent stent thrombo-
sis, and the other is to prevent clini-
cal events, largely emerging from
other vulnerable plaques. The opti-
mal duration of clopidogrel to pre-
vent clinical events has recently
been debated, especially with the ad-
vent of drug-eluting stents, and this
issue is discussed elsewhere in this
supplement.

An analysis from the PCI–CURE
trial further supports this idea, where
event curves were evaluated based
on whether a stent was used.25 By
comparing those who got a stent
versus those who had no stent (ie,
balloon angioplasty), researchers
demonstrated an outstanding exam-
ple of what is gained from prevent-
ing events in the vasculature beyond
the stented segment. In patients who
had no stent placed, there was a 44%
reduction in cardiovascular death or
MI out to 1 year, which was greater
than the benefit seen in the patients
who had stents placed (approxi-
mately 30%). This is a clear demon-
stration that much of the late bene-
fits of clopidogrel in patients after
PCI can be in coronary segments
that are not the stented segment,
which reemphasizes the importance
of the long-term treatment for all
the other blockages and vulnerable
plaques throughout the coronary tree.

Balancing Benefit With Bleeding Risk
The benefit of adding an antithrom-
botic agent must be balanced with
the risk of bleeding. As with the use
of aspirin, heparin, low-molecular-
weight heparin, or GP IIb/IIIa in-
hibitors, the addition of clopidogrel

increases bleeding risk as compared
with aspirin used alone (3.7% at 1
year vs 2.7%, respectively; relative
risk, 1.38; 95% confidence interval;
P � .001).1 The good news is that the
risk of bleeding can be reduced by
lowering the dose of aspirin. When
using low-dose aspirin (75-100 mg),
the risk of bleeding is approximately
half the risk as when using standard-
dose aspirin (200-325 mg).26 Interest-
ingly, the relative risk of bleeding at
1 year was 3% for patients treated
with low-dose aspirin plus clopido-
grel, which was lower than the bleed-
ing risk for patients treated with 325
mg of aspirin alone (3.75%).26 Thus,
as new therapies to protect against
recurrent events are added, the safety
profile and efficacy/safety balance
can be improved by decreasing the
dosages of other therapies.

Patients Undergoing CABG Surgery
The potential for increased bleeding
among patients who must proceed to
CABG has raised the question of tim-
ing for initiating clopidogrel treat-
ment. Details on the patients in the
CURE trial who underwent CABG
were helpful in providing data on the
risk and extent of bleeding—and of
the benefit of early treatment with
clopidogrel.8 The initial data indi-
cated that among patients treated
with clopidogrel up until 5 days be-
fore CABG (which is recommended
in the guidelines), the risk of major
bleeding, as defined by the CURE
trial, was increased from 6.3% for
those treated with aspirin alone up to
9.6% for those treated with the com-
bination of aspirin and clopidogrel
(relative risk, 1.53; P � .06).1 If pa-
tients waited more than 5 days after
the last dose of clopidogrel before un-
dergoing CABG, there was no exces-
sive bleeding. In the more detailed
analysis, which used the more strin-
gent Thrombolysis in Myocardial
Infarction (TIMI) or the Global Uti-

lization of Streptokinase or Tissue
Plasminogen Activator for Occluded
Coronary Arteries (GUSTO) defini-
tions for major bleeding, the inci-
dence of major bleeding was not in-
creased.8 This indicates that the use
of clopidogrel within 5 days before
CABG is associated with more bleed-
ing, but it falls into the mild to mod-
erate category and is not a life-threat-
ening degree of bleeding. Of note, a
more recent analysis of CABG bleed-
ing from the CLARITY–TIMI 28 trial
showed no increase in TIMI major or
minor bleeding even in patients re-
ceiving clopidogrel within 5 days of
surgery, although the sample size of
the cohort was small.27

The CABG analysis from the CURE
trial also demonstrated the benefits of
receiving clopidogrel both before and
after CABG. The benefits were similar
for patients undergoing CABG, pa-
tients undergoing PCI, and patients
who were treated medically, with an
approximately 20% reduction in
events. For patients who underwent
CABG during the initial hospitaliza-
tion, the risk decreased from 16.7%
for aspirin alone to 13.2% for aspirin
plus clopidogrel for an absolute 3.5%
reduction in the risk of cardio-
vascular death, MI, or stroke.8 This
matches the increase in (moderate)
bleeding for the patients who re-
ceived clopidogrel within 5 days of
CABG. Thus, for the CABG patients
themselves, it is an even trade be-
tween an increased risk of moderate
bleeding and a decreased risk of
death, MI, or stroke. This puts in per-
spective the benefit that is achieved
for the increased risk in bleeding.

Interestingly, the CABG analysis of
the CURE trial data shows that most
of the benefit in patients receiving
clopidogrel who underwent CABG
during the initial hospitalization was
achieved preoperatively. For every
1000 patients with ACS who under-
went CABG, receipt of clopidogrel at
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hospital admission prevented 21
events of deaths, MI, or stroke.8 This
also appears to match clinical judg-
ment. A patient with ACS, with dif-
fuse 3-vessel disease, and who re-
quires urgent CABG is one of the
highest-risk patients and thus, it
stands to reason that he or she will
accrue the biggest benefit in terms of
cardiovascular events prevented.

Clinicians might want to identify
patients who may need urgent CABG
and not treat those patients with
clopidogrel. The TIMI Study Group
developed a risk score to predict the
need for early CABG. A history of
prior CABG decreases a patient’s risk
of repeat CABG; therefore, these pa-
tients can usually be treated with
early clopidogrel without fear of in-
creased bleeding from CABG.28 In
addition, for patients who had a risk
score of more than 5, the chance of
needing early CABG was 55% (Fig-
ure 2). To avoid the excess bleeding
risk, some clinicians may not want
to treat these patients early with
clopidogrel. On the other hand,
given the benefits of early adminis-
tration, some clinicians may choose

to treat these patients with early
clopidogrel despite the increased risk
in order to get the benefit.

Conclusions
Data from the PCI–CURE and
CREDO trials indicated that treat-
ment with clopidogrel needs to be
started at least 6 hours before the PCI

procedure to obtain the post-PCI
benefit. Using a 600-mg loading dose
of clopidogrel may shorten this time
period to 2 or 3 hours. However, this
same benefit would not be likely
when a loading dose was adminis-
tered within minutes of the PCI.
These results emphasize the need to
administer clopidogrel before arrival
to the catheterization laboratory to
get the benefit of pretreatment. Ben-
efit has also been seen for patients
undergoing CABG who are treated
with clopidogrel preoperatively.

Of the patients who present with
ACS, approximately 50% to 60% will
undergo PCI and between 8% and
20% (approximately 10% in current
registries) will proceed to CABG (Fig-
ure 3). Thus, if 1 thousand patients
are treated with clopidogrel in the
emergency department, an addi-
tional 10 to 12 major cardiac events
(death, MI, or stroke) would be pre-
vented at the expense of causing 1
TIMI minor bleed in a patient who
subsequently underwent CABG. The
issue of timing comes down to weigh-
ing the benefits against the risks—the
balance for which clinicians strive
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when making treatment manage-
ment decisions. In this case, early
treatment has a relatively small risk
but a large benefit in terms of pre-
venting major cardiac events. Thus,
this balance emphasizes the impor-
tance of early antiplatelet therapy
with clopidogrel to maximize the
benefit in patients with ACS.
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