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IN ADDITION TO ASPIRIN, CLOPIDO-
grel has been shown to improve is-
chemic outcomes of patients with
stable coronary artery disease fol-

lowing percutaneous coronary inter-
vention (PCI)1-3 and of patients with
acute coronary syndromes (ACS) who
were either medically treated4 or who
had undergone either revasculariza-
tion by fibrinolysis or PCI.5-7 How-
ever, clopidogrel efficacy seems to be
genetically altered in about 30% of
white patients with suboptimal plate-
let inhibition, causing subsequent in-
creased thrombotic event rates after
coronary stenting.8-11

Although the administration of a
clopidogrel loading dose is necessary in
the immediate peri-PCI setting, it is un-
certain whether clopidogrel pretreat-

Author Audio Interview available at
www.jama.com.

Context Clopidogrel pretreatment is recommended for patients with acute coro-
nary syndromes (ACS) and stable coronary artery disease who are scheduled for per-
cutaneous coronary intervention (PCI), but whether using clopidogrel as a pretreat-
ment for PCI is associated with positive clinical outcomes has not been established.

Objective To evaluate the association of clopidogrel pretreatment vs no treatment
with mortality and major bleeding after PCI.

Data Sources MEDLINE, EMBASE, Cochrane Controlled Trials Register databases,
and reference lists of qualifying articles.

Study Selection Studies reporting clinical data on mortality and major bleeding were
included. Of the 392 titles identified, 15 articles published between August 2001 and
September 2012 met the inclusion criteria: 6 randomized controlled trials (RCTs),
2 observational analyses of RCTs, and 7 observational studies.

Data Extraction Quality of studies was assessed with the Ottawa Scale and the Ja-
dad Score as appropriate. Results were independently extracted by 2 reviewers. A random-
effect model was applied. Pretreatment was defined as the administration of clopido-
grel before PCI or catheterization. The main analysis was performed on RCTs and
confirmed by observational analyses and observational studies. Prespecified subgroups—
clinical presentation and clopidogrel loading dose—were analyzed. The primary effi-
cacy and safety end points were all-cause mortality and major bleeding. Secondary
end points included major cardiac events.

Results Of the 37 814 patients included in the meta-analysis, 8608 patients had par-
ticipated in RCTs; 10 945, in observational analyses of RCTs; and 18 261, in observa-
tional studies. Analysis of RCTs showed that clopidogrel pretreatment was not asso-
ciated with a reduction of death (absolute risk, 1.54% vs 1.97%; OR, 0.80; 95% CI,
0.57-1.11; P= .17) but was associated with a lower risk of major cardiac events (9.83%
vs 12.35%; OR, 0.77; 95% CI, 0.66-0.89; P� .001). There was no significant asso-
ciation between pretreatment and major bleeding overall (3.57% vs 3.08%; OR, 1.18;
95% CI, 0.93-1.50; P=.18). Analyses from observational analyses of RCTs and ob-
servational studies were consistent for all results.

Conclusions Among patients scheduled for PCI, clopidogrel pretreatment was not
associated with a lower risk of mortality but was associated with a lower risk of major
coronary events.
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ment(ie, treatmentgiven inenoughtime
before catheterization to be effective) is
efficient when the coronary status is not
knownyet. Indeed,thispretreatmentcan
eitherdelaycoronaryarterybypassgraft
surgeryorincreaseunnecessarilytherisk
of bleeding in patients who in the end
donotneedrevascularizationor whogo
to the operating room immediately af-
terundergoingcoronaryangiogram.This
issue has been assessed in various stud-
ies, with different clopidogrel-loading
doses, timing,andclinicalpresentations,
but none of these studies was powered
for mortality. On this basis, the current
European Society of Cardiology (ESC)
andAmericanCollegeofCardiologyand
AmericanHeartAssociation(ACC/AHA)
guidelinesgiveagradeIbtopretreatment
innon–ST-elevationacutecoronarysyn-
drome(NSTE-ACS)scheduledforanin-
vasive strategy.12,13

Previous meta-analyses have sug-
gested a favorable risk-benefit ratio, but
they examined specific clinical situa-
tions like primary PCI of ST-elevation

myocardial infarction (STEMI)14 or fo-
cused on composite ischemic end
points.15 No global appraisal of clopi-
dogrel pretreatment in PCI is avail-
able. Although data have accumulated
over the past 10 years, the question of
a benefit with pretreatment on major
clinical outcomes remains unan-
swered. We aimed to gather enough
power from all the available data from
randomized trials and registries involv-
ing patients with coronary artery dis-
ease (stable or with ACS) undergoing
catheterization for potential revascu-
larization to evaluate the association be-
tween clopidogrel pretreatment and
clinical end points of mortality and ma-
jor bleeding.

METHODS
Study Design

The main analysis included only ran-
domized controlled trials (RCTs)3,7,16-18

and the PCI subgroups of RCTs for clopi-
dogrel pretreatment vs no pretreat-
ment5,6 that fulfilled the inclusion crite-

ria, regardless of clinical presentation.
Two confirmatory analyses were per-
formed using the same method: (1)
analyses of observational reports of
RCTs19,20 and (2) analyses of observa-
tional studies21-26 (TABLE 1 and TABLE 2).

Study Selection and Data Extraction

We conducted Cochrane Controlled
Trials Registry and MEDLINE and
EMBASE database searches for pub-
lished articles from January 1980
through September 2012 using the fol-
lowing predefined search terms clopi-
dogrel and pretreatment, or loading dose
or preload or timing or upstream. Ab-
stracts from selected major cardiology
scientific meetings (AHA, ACC, ESC,
and Transcatheter Cardiovascular
Therapeutics) were reviewed. Refer-
ences from reviews and selected ar-
ticles were also reviewed for potential
relevant citations. We used no lan-
guage restrictions. Studies were se-
lected by 2 independent reviewers
(A.B.A. and S.A.O.).

Table 1. Study Review Registries

Source Design
No. of

Patients Pretreatment No Pretreatment End Points Bleeding Definitionsa Follow-up

Retrospective trials
Amin et al,21

2011
Cohort 1913 �600 mg LD �2 h or

� 300 mg LD �6 h
or 75 mg MD
�1 wk

Lower loading doses
or no clopidogrel
before PCI

Death, MI,
ST

TIMI major or minor
bleeding or
vascular
complication or
transfusion

In hospital to
1 y

Feldman et
al,25 2010

Cohort 1041 75 mg MD �5 d or 300
mg LD �12 h or
600 mg LD �2 h

600 mg LD �2 h or
just before
undergoing the
procedure

Death, MI,
UTVR,
stroke

Major: �4 g/dL
hemoglobin;
Minor; �2 �4
g/dL

In hospital to
1 y

Chan et al,22

2003
Cohort 4809 300 mg before PCI

56.6%, �2 h;
27.2%, 2-6 h;
16.2%, �6 h
(mean 2.1 h)

300 mg LD
immediately
after PCI

Death, MI,
UTVR

TIMI major or minor
bleeding

30 d, 6 mo,
and 1 y
(death
only)

Prospective trials
Dörler et al,23

2011
Cohort 5955 Dose not specified

before hospital or
before catheter
laboratory LD

Peri-intervention LD Death, MI,
UTVR,
stroke

Intracranial, �5 g/dL
hemoglobin,
transfusion, or
surgery

In hospital

Fefer et al,24

2009
Cohort 383 300-600 mg LD before

PCI (in emergency
department or on
transfer to catheter
laboratory

300 mg LD after PCI Death,
recurrent
ACS,
ST

Major In hospital to
30 d

Szük et al,26

2007
Cohort 4160 300 mg �6 h and

�24 h before PCI
300 mg LD

immediately
after PCI

Death, MI,
UTVR

Clinically significantb 30 d

Abbreviations: LD, loading dose; MD, maintenance dose; MI, myocardial infarction; UTVR, urgent target vessel revascularization; TIMI, Thrombolysis in Myocardial Infarction.
aBleeding definition includes the TIMI major and minor definition except for PCI-CURE, for which major bleeding is defined as substantially disabling bleeding, intraocular bleeding leading

to the loss of vision, or bleeding necessitating transfusion of 2 or more units of blood and REPLACE-2 and ACUITY PCI for which it is defined as clinically significant bleeding events.
b Intracranial, intraocular, retroperitoneal, or with hemoglobin level decrease of more than 4 g/dL; or overt bleeding with hemoglobin level decrease of more than 3 g/dL; or transfusion of

more than 2 units of blood.
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EligibilityCriteriaandDataExtraction
We restricted our analysis to trials that
met all of the following inclusion cri-
teria: (1) patients with coronary ar-
tery disease scheduled for catheteriza-
tion, PCI, or both; (2) controlled
comparison between clopidogrel pre-
treatment and no pretreatment (ie, pla-
cebo or no treatment) through ran-
dom or nonrandom allocation; (3) data
supplied on clopidogrel loading dose;
(4) available data on at least mortality
and bleeding. Randomized controlled

trials, registries, and prespecified sub-
groups of studies reporting data on pre-
treatment with clopidogrel were con-
sidered for analysis. Full-text articles
and meeting abstracts were included.
Exclusion criteria were duplicate re-
ports, the lack of control group, and on-
going studies. Data extraction and in-
formation on study design, clinical and
safety outcomes were performed inde-
pendently by 2 reviewers (A.B.A. and
S.A.O.). Discrepancies were resolved by
consensus.

End Points Definitions
The primary efficacy end point was
mortality (by any cause). The primary
safety end point was major bleeding
(each study definition).

Secondary end points included the
composite end point of major cardiac
events but also the individual end points
of myocardial infarction (MI), stroke, or
urgent revascularization, as defined in
each study. Cardiovascular (CV) death,
minor bleeding, and stent thrombosis
were also analyzed when available. Stent

Table 2. Study Review of Randomized Controlled Trial Study Characteristics

Source
No. of

Patients

Randomized to
Pretreatment
After Decision

for
Catheterization

or PCI Pretreatment Timing No Pretreatment

Major Coronary
Event End

Points Follow-up

Randomized controlled trialsa

PROBE-CIPAMI,7 2011a 335 Yes 600 mg 600 mg LD in
catheter
laboratory

Death, MI, or
UTVR

7 d or hospital
discharge

ARMYDA5 PRELOAD,17

2010
409 Yes 600 mg LD 4-8 h Before

PCI
600 mg LD in

catheter
laboratory
before PCI

CV death, MI, or
UTVR

30 d

Davlouros et al,16 2009 199 Yes 900 mg LD Plus 2-h wait
to PCI

900 mg LD �
direct PCI

Death, MI, stroke,
or UTVR

30 d

PRAGUE-8,18 2008 1028 Yes 600 mg LD �6 h Before
PCI

600 mg LD in
catheter
laboratory
before PCI

Death,
periprocedural
MI, stroke, or
UTVR

7 d or hospital
discharge

CREDO,3 2002 2116 No 300 mg LD 3-24 h Before
PCI
(mean,
9.8 h)
then long
term MD

No pretreatment
28-d
clopidogrel

Death, MI, or
UTVR per
protocol
analysis

28 d to 1 y

After randomization subgroupb

ACUITY PCI,20 2007c 5026 No 300 mg LD
(sub-
group)

Before PCI or
in catheter
laboratory

300 mg LD after
PCI �2 h
(subgroup)

Death, MI, or
UTVR

30 d to 1 y

PCI CLARITY,6 2005 1863 Yes 300 mg LD Before PCI or
in catheter
laboratory
(median 3
d) then 75
mg MD

Placebo LD and
MD
open-label
300 mg LD
then 75 mg
MD if PCI

CV death, MI, or
stroke

30 d to 1 y

REPLACE-2,19 2004c 5919 Yes 300 mg LD PCI (�48 h)
then 75
mg MD
for at least
30 d

300 mg LD after
PCI then 75
mg MD for at
least 30 d

Death, MI, or
UTVR

30 d to 1 y

PCI CURE,5 2001b 2658 No 300 mg LD Median 10 d
before
PCI, then
75 mg
MD for
3-12 mo

No LD then 75
mg for 4 wk

CV death, MI, or
UTVR

30 d to 1 y

Abbreviations: CV, cardiovascular; LD, loading dose; MD, maintenance dose; MI, myocardial infarction; PCI, percutaneous coronary intervention; TIMI, Thrombolysis in Myocardial In-
farction; UTVR, urgent target vessel revascularization.

aRandomized for clopidogrel pretreatment vs no pretreatment.
bAfter randomization subgroup defined as randomized comparison.
cObservational studies from randomized controlled trial database (prespecified nonrandomized subgroup analysis of randomized controlled trial).
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thrombosis was defined using the defi-
niteplus probable Academic Research
Consortium definition.27

Outcomes were based on the longest
follow-up available for each study. Pre-
treatment was defined as the administra-
tion of clopidogrel before PCI or cath-
eterization that included any loading
dose of more than 300 mg or a mainte-
nance dose of 75 mg or more when ad-
ministrated for more than 5 days before
PCI. End points, definitions, and study
details are provided in Table 1.

Assessment and Reporting Risk
of Bias in Included Studies

The quality of RCTs included in the
meta-analysis was assessed for descrip-
tive purpose by the Jadad score for
RCTs,28 and the quality of nonrandom-
ized studies by the Newcastle-Ottawa
Scale for cohort studies (http://www.ohri
.ca/programs/clinical_epidemiology
/oxford.htm; see eTables 1 and 2 avail-
able at http://www.jama.com).

Statistical Analysis

To provide an estimation on the asso-
ciation between clopidogrel pretreat-
ment and clinical outcomes, the re-
sults of studies were combined using
a random model because we antici-
pated potential heterogeneity across the
studies, especially between the obser-
vational studies. The results were con-
firmed by the Mantel-Haenszel fixed-
effect model to avoid small studies being
overly weighted. The main analysis was
performed on RCTs and confirmation
was sought through the analyses of ob-
servational data from RCTs and through
observational studies.

Sensitivity analyses were performed af-
ter assessment of heterogeneity, on the
following subgroups: (1) clinical pre-
sentation: elective PCI16-19,21,26; NSTE-
ACS (defined as studies having a major-
ity of patients with ACS involved in the
study)3,5,20,22,25; and STEMI6,7,23,24; (2)
clopidogrel doses: pretreatment �600
mg3,5,6,19-26,29,30 vs �600 mg.7,16-18 Fur-
thermore, to analyze more contempo-
rary practice of pretreatment (typically
a few hours before PCI), we conducted
a sensitivity analysis that removed the 2

large studies—Clopidogrel in Unstable
Angina to Prevent Recurrent Events (PCI
CURE) and Clopidogrel as Adjunctive
Reperfusion Therapy (PCI Clopidogrel
as Adjunctive Reperfusion Therapy
[CLARITY])—that had several days of
pretreatment. To test the eventual ef-
fect of length of follow-up, we also per-
formed a sensitivity analysis that re-
placed the 1-year by the 28-day follow-up
results of the Clopidogrel for the Reduc-
tion of Events During Observation
(CREDO) trial.

Because all studies included in the
main analysis had different clinical pre-
sentations, loading doses, and timing
of pretreatment, we examined the ex-
tent of heterogeneity between trials with
the Cochran Q test; a P cut-off value of
.10 was considered significant for
heterogeneity. An I2 test for heteroge-
neity between subgroups is reported in
each figure.31

All probability values were 2 tailed
and P=.05 was considered statistically
significant. Odds ratios (ORs) with 95%
CIs were calculated by use of RevMan
software version 5.0 (The Cochrane
Collaboration) and the language R using
the meta-package.32

Publication bias was evaluated by
using funnel-plot graphs to check sym-
metrical distribution and convergence
toward the pooled effect as the weight
of the trials increased and by the fill and
trim method.33

RESULTS
Studies and Patient Characteristics

Fifteen studies representing a total of
37 814 patients were included; of those,
5 RCTs focused solely on pretreat-
ment,3,7,16-18 2 RCTs included PCI sub-
groups comparing pretreatment with no
pretreatment and were included in the
RCTs’ primary analysis5,6 (8608 pa-
tients both); 2 prespecified nonran-
domized subgroup analyses of pretreat-
ment in RCTs19,20 (10 945 patients) were
analyzed separately; and 6 regis-
tries21-26 (18 261 patients) were also ana-
lyzed separately (FIGURE 1). For the
main analysis of RCTs, 4283 patients
were pretreated (49.76%) and 4325
were not (50.24%). Seventy-five per-

cent had ACS (n=6510) including 25%
of STEMI patients (n=2158); the re-
maining patients had elective PCI
(n=2098). An observational study23 that
did not provide the loading dose of
clopidogrel was excluded from the load-
ing-dose subgroup analysis. Although
another observational study24 did not
provide the exact timing of pretreat-
ment, it was included because the de-
lay time in treatment to procedure was
considered sufficient.

For all studies, patients in the con-
trol groups were those who received a
loading dose of clopidogrel within 2
hours of undergoing PCI7,16,17,25,34 or im-
mediately after PCI.6,19-24,26 The lon-
gest follow-up varied from the time pa-
tients were in the hospital to a
maximum of 1 year, with a mean fol-
low-up time of 192 days (7-365 days;
Table 1). No heterogeneity existed be-
tween RCTs for major end points or for
ischemic end points. Significant hetero-
geneity was found between observa-
tional analyses of RCTs (although not
for death) and between observational
studies for all end points.

Mortality

In the RCT cohort of patients (n=8608),
clopidogrel pretreatment was not sig-
nificantly associated with a reduction of
all-cause mortality (absolute risk, 1.54%
vs 1.97%; OR, 0.80; 95% CI, 0.57-1.11;
P=.17). These results were consistent
across the observational analyses of RCTs
and the observational studies analyses
(FIGURE 2). Cardiovascular death was
available in 4 to 7 RCTs5,6,16,17(n=5129
patients), and the association between
clopidogrel pretreatment and reduc-
tion of CV death was not present (ab-
solute risk, 1.54% vs 1.97%; OR, 0.78;
95% CI, 0.44-1.39; P=.41). This end
point was available for only 1 observa-
tional study,21 with consistent results
(absolute risk, 1.44% vs 1.92%; OR,
0.80; 95% CI, 0.57-1.11; P=.17).

Safety

Clopidogrel pretreatment was not as-
sociated with a higher risk of major
bleeding in the main analysis of RCTs
(absolute risk, 3.57% vs 3.08%; OR,
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1.18; 95% CI, 0.93-1.50; P=.18). Simi-
lar findings were obtained in observa-
tional analyses of RCTs and in the
pooled analysis of observational stud-
ies (FIGURE 3).

Minor bleeding events were explor-
atory safety end points, available in 5
RCTs only.3,5,6,17,34 There was a signifi-
cant association between clopidogrel
pretreatment and minor bleeding (ab-
solute risk, 3.66% vs 2.74%; OR, 1.47;
95% CI, 1.02-2.14; P=.04); however,
this was not confirmed in observa-
tional analyses of RCTs (OR, 1.01; 95%
CI, 0.84-1.21; P=.91) or in observa-
tional studies (OR, 1.09; 95% CI, 0.80-
1.47; P=.58) but data were available in
only one19 and two22,25 studies of these
groups, respectively.

Secondary End Points

Major Coronary Event and Myocar-
dial Infarction. In the main analysis,
clopidogrel pretreatment was signifi-
cantly associated with a reduction of
major coronary events (absolute risk,
9.83% vs 12.35%; OR, 0.77; 95% CI,
0.66-0.89, P�.001; Figure 3) and MI
(absolute risk, 4.53% vs 5.90%; OR,
0.75; 95% CI, 0.62-0.92, P = .004).
These results were confirmed in the
pooled analyses of observational stud-
ies but not in the analyses of observa-
tional studies of RCTs (Figure 3).

Other End Points. Stent thrombo-
sis was exploratory because of its avail-
ability in only 1 RCT, in which the as-
sociation was not significant with
clopidogrel pretreatment vs no pretreat-
ment (absolute risk, 0.98% vs 0.00%;
OR, 5.07; 95% CI, 0.24-106.35;
P = .30)17 and 4 observational stud-
ies,21,24-26 including 7497 patients, in
which clopidogrel pretreatment was sig-
nificantly associated with a reduction
in probable and definite stent throm-
bosis (absolute risk, 0.78% vs 1.66%;
OR, 0.49; 95% CI, 0.31-0.78, P=.003).

Stroke was reported in 5 of the 7
RCTs3,6,7,16,34 (n=5541 patients). No sig-
nificant association existed between
clopidogrel pretreatment and the re-
duction in stroke (absolute risk, 0.54%
vs 0.94%; OR, 0.59; 95% CI, 0.31-
1.12, P=.11); data were available for

only 1 observational study,25 for which
no association existed between pre-
treatment and reduction in stroke (ab-
solute risk, 0.21% vs 0.00%; OR, 3.69;
95% CI, 0.15-90.90, P=.42).

Urgent revascularization was avail-
able in 5 RCTs3,7,16-18(n = 4087 pa-
tients) and 4 observational stud-
ies22,23,25,26 (n=15 965 patients). There
was no significant association be-
tween urgent revascularization and
clopidogrel pretreatment in the pri-
mary analysis of the RCTs (absolute
risk, 1.47% vs 1.61%; OR, 0.91; 95% CI,
0.56-1.49; P=.71). Results were con-
sistent in the observational studies
analysis (absolute risk, 5.34% vs 2.15%;
OR, 0.98; 95% CI, 0.74-1.30; P=.89).

There were no available data on these
end points from observational analy-
ses of RCTs.

There was no heterogeneity be-
tween RCTs as assessed by the Coch-
ran Q test, but significant heteroge-
neity was found in observational
analyses of RCTs and observational
studies for several end points.

Subset Analyses

Results for the prespecified RCT sub-
sets of clinical presentation are summa-
rized in eFigure 1 (available at http:
//www.jama.com). For all-cause
mortality, a significant association ex-
isted between clopidogrel pretreatment
and a reduction of death in the STEMI
subgroup only (absolute risk, 1.28% vs
2.54%; OR, 0.50; 95% CI, 0.26-0.96;
P=.04; number needed to treat, 79; eFig-
ure 2). Clopidogrel pretreatment in
STEMI was also significantly associated
with a reduction in major coronary

Figure 1. Study Selection

15 Studies included in quantitative synthesis
(meta-analysis) 
5 RCTs randomized for clopidogrel pretreatment

vs no pretreatment
2 PCI subgroup of RCTs for clopidogrel

pretreatment vs no pretreatment
2 Prespecified subgroup analyses of pretreatment

in RCTs
6 Registries

15 Studies included in qualitative synthesis

51 Full-text articles assessed for eligibility

351 Abstracts screened

36 Excluded
3 Studies of efficacy of anti-GpIIb/IIIa (2, no placebo group)

11 Dose comparison studies, 300 vs 600 mg
2 Patients taking clopidogrel before study enrollment
1 Study of preloading before CABG surgery
2 No sufficient bleeding or death data

17 Biological studies

300 Excluded
280 Not relevant

2 Meta-analyses
13 Reviews/opinion articles
4 Letters to the editor
1 Study with ticlopidine pretreatment

41 Duplicate reports excluded

392 Abstracts identified through electronic database search

References of the excluded articles are available at http://www.jama.com. CABG indicates coronary artery
bypass; GPIIb/IIIa, glycoprotein IIb/IIIa; PCI, percutaneous coronary intervention; and RCT, randomized con-
trolled trial.
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events (absolute risk, 3.56% vs 6.36%;
OR, 0.54; 95% CI, 0.36-0.81; P=.003;
number needed to treat, 36) as well as
in patients with NSTE ACS (absolute
risk, 13.91% vs 17.19%; OR, 0.78; 95%
CI, 0.66-0.91; P=.002; number needed
to treat, 30) but not in the lower-risk
population of elective PCI (eFigure 1).

Safety outcomes did not differ across
the 3 subgroups of clinical presenta-
tion by treatment (eTable 3). Simi-
larly, little difference existed between
the groups of doses (�600 vs �600 mg)
on the various efficacy and safety end
points (eTable 4). Because there was no
significant heterogeneity between sub-
groups by clinical presentation and
clopidogrel loading dose, these results
are only exploratory and should not
been considered as definitive.

The other sensitivity analyses on pre-
treatment delay (excluding PCI CURE
and PCI CLARITY) and duration of fol-
low-up (using the 28-day results of

CREDO) showed results similar to
those of the main analysis.3

COMMENT
Althoughdatahaveaccumulatedoverthe
past10yearsabout theefficacyandsafety
of clopidogrel pretreatment, the associa-
tionof this strategywithadecrease inall-
cause death remains uncertain because
no large RCT has addressed this issue.
Thecurrentmeta-analysiscollectedinfor-
mation in a population of more than
37 000 patients and found no signifi-
cantassociationbetweenclopidogrelpre-
treatmentandsurvivalnorbetweenclopi-
dogrel pretreatment and major bleeding.
This meta-analysis demonstrated, how-
ever, a significant association between
clopidogrel pretreatment and the reduc-
tion of major coronary events or MIs in
theprimaryRCTsanalysescombiningall
types of patients, with fully consistent
results obtained from observational
analysesofRCTsandobservational stud-

ies. Although no significant heteroge-
neityexisted forclinicalpresentation, the
higher-risk STEMI population appeared
to gain the most benefit from pretreat-
ment. In contrast, patients undergoing
electivePCIhadnoapparentbenefit from
clopidogrelpretreatment,questioningthe
needof suchasystematic strategyat least
in low-risk patients.

Clopidogrel pretreatment has been
largely accepted and applied in accor-
dance with the ACC/AHA and ESC
guidelines,12,13,35 which are based on evi-
dence from the results of 3 studies per-
formed in the early 2000s. First, in the
PCI-CURE substudy,5 clopidogrel pre-
treatment (300 mg loading dose with a
median of 10 days before catheteriza-
tion) was associated with a 30% reduc-
tion of the composite end point of CV
death, MI, and urgent target vessel re-
vascularization at 30 days, without
significant difference in major bleed-
ing. Although all-cause mortality was not

Figure 2. All-Cause Mortality Analysis

Observational analyses of RCTs a

105 49 3511 1515ACUITY PCI,20 2007 0.92 (0.65-1.30) 68.2
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aThe number of patients represent those who were followed up at 1 year.
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Figure 3. Major Bleeding and Major Cardiovascular Event Analyses
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For a definition of major bleeding for each study, see Table 1.
aThe number of patients represents those who were followed up at 30 days.
bThe number of patients represents those who were followed up at 1 year.
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reported in the study, CV death was not
different between groups and reduc-
tion in major coronary events was driven
by the decrease in periprocedural MI.

Second, the CREDO trial3 demon-
strated an interaction between the tim-
ing of pretreatment and the protection
from adverse CV events in stable pa-
tients undergoing scheduled angio-
plasty. Indeed, although not powered to
show a difference in ischemic end points,
the group of patients loaded with 300 mg
of clopidogrel at least 6 hours before PCI
experienced a 38.6% decrease in major
coronary events that reached signifi-
cance among those pretreated at least 15
hours before the procedure.3,36

Third, the CLARITY-PCI substudy6

found a significant decrease in major
coronary events, with no increased risk
of bleeding in patients undergoing sec-
ondary PCI after fibrinolysis associated
with clopidogrel pretreatment. Addi-
tionalevidencecomes fromsmaller stud-
ies and a meta-analysis that used differ-
ent doses of clopidogrel for elective
PCI,37,38 NSTEMI,39,40 andSTEMI,39,41 and
from the CURRENT-OASIS 7 subgroup
analysis of patients with ACS undergo-
ing PCI.42 In the latter, all patients were
pretreated with 600 mg followed by 150
mg of a maintenance dose for 7 days and
75 mg daily thereafter, which signifi-
cantly reducedby14%thecombinedpri-
mary end point of CV death, MI, and
stroke compared with the standard
300-mg loading dose and 75-mg main-
tenance dose; there was no excess of
thrombosis in MI major bleeding.43

With this accumulation of data,
administration of clopidogrel before PCI
became the rule with a class I recom-
mendation. The ESC recommends pre-
treatmentwitha300-mgloadingdose for
more than 6 hours before elective PCI
(or 600 mg �2 hours before; class Ic),42

and a 600-mg loading dose as soon as
possible forprimaryPCI forpatientswith
STEMI (class Ic).42 The low level of evi-
dence reflects the absence of indisput-
able evidence. In the more recent ESC
guidelines, thehigher loadingdoseof600
mg for PCI for patients with NSTE-ACS
has a class Ib recommendation when
ticagrelor or prasugrel is not an option.12

The ACC/AHA PCI guidelines for
patients undergoing elective PCI and
patients with NSTE-ACS or STEMI who
are scheduled for PCI also recommends
pretreatmentwitha300- to600-mgload-
ing dose (preferably 600 mg) as early as
possible before PCI (class Ib
recommendation).13,44

Several issues remain unresolved
with regard to the evidence support-
ing the recommendations. First, many
of the patients included had their PCIs
postponed for up to several days after
pretreatment and therefore do not ac-
curately reflect contemporary practice
of early revascularization, often per-
formed within hours of first medical
contact. Our meta-analysis includes the
most recent studies including regis-
tries and may better reflect current real-
world practice. The concordance be-
tween RCTs and observational studies
supports our findings.

Second, it is unclear whether all pa-
tients or just certain types of presenta-
tion should be pretreated, although the
recommendations are quite broad in fa-
vor of pretreatment. Our data suggest
a benefit limited to the patients at higher
risk, STEMI especially, with a signifi-
cant association between clopidogrel
pretreatment and the reduction in hard
outcomes. However, because of the ab-
sence of significant heterogeneity by
condition, these results are only infor-
mative and would need additional ex-
ploration in specific trials.

Third, none of the studies or previ-
ous meta-analyses was adequately pow-
ered to show a benefit on all-cause mor-
tality. The results of our meta-analysis,
which is powered for mortality, do not
support clopidogrel pretreatment on this
basis in the overall PCI population.

The reasons clopidogrel pretreat-
ment does not decrease mortality in the
stable patients could not be ascer-
tained but several hypotheses may be
generated. First, the benefit of this treat-
ment may be related to baseline plate-
let reactivity, which is lower in more
stable patients.45,46 Second, clopido-
grel, both for loading and maintenance
doses, is associated with moderate level
of inhibition and a wide variability in re-

sponse that may explain the absence of
effect on mortality.47

Third, the benefit expected from pre-
treatment during the waiting period for
catheterization of patients with NSTE-
ACS may not be detectable with clopi-
dogrel, which has a slow onset of ac-
tion, a delay of action critical in the
current era when the speed at which pa-
tients transfer to the catheterization
laboratory is faster than it was 10 years
ago. Progress has been made in time to
catheterization, in PCI procedures, and
in new antiplatelet strategies, which
challenges the concept of pretreat-
ment. Some studies have shown that de-
lays to revascularization can be sub-
stantially shortened in NSTE-ACS48,49

while studies like ACCOAST (A Com-
parison of Prasugrel at PCI or Time of
Diagnosis of Non-ST Elevation Myo-
cardial Infarction, NCT01015287) and
ATLANTIC (A 30 Day Study to Evalu-
ate Efficacy and Safety of Pre-hospital
vs In-hospital Initiation of Ticagrelor
Therapy in STEMI Patients Planned for
Percutaneous Coronary Intervention
[PCI], NCT01347580) are evaluating,
in the modern era of PCI, the concept
of pretreatment with new P2Y12 inhibi-
tors in NSTE-ACS and STEMI, respec-
tively. These studies are needed to un-
derstand better the role of pretreatment
not evaluated in the large pivotal trials
that tested the new P2Y12 inhibitors pra-
sugrel (no pretreatment) and ticagre-
lor (systematic pretreatment).

Fourth, most of the serious events, in
particular death, do not occur in the cath-
eterization laboratory but are delayed by
days or weeks when clopidogrel is actu-
ally effective and death then relates to
other factors of poor prognosis.

Fifth, one-third of elective coro-
nary angiograms are normal,50 which
does not justify clopidogrel pretreat-
ment that exposes patients to bleed-
ing risk with no benefit to be expected
on ischemic events or mortality.18

Finally, some patients with NSTE-
ACS could be reoriented toward ur-
gent coronary artery bypass revascu-
larization, during which clopidogrel
exposure may double the rate of reop-
eration because of bleeding, thus in-
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creasing transfusions and deaths.51

Bleeding in general is a driver of mor-
tality, and the present meta-analysis
suggests a significant excess of major
bleeding in lower-risk patients.

We acknowledge several limita-
tions of our study that, as in all sys-
tematic reviews, may have been influ-
enced by several forms of bias; we tried
to minimize selection bias by using a
predefined search strategy, with inde-
pendent selection and data extraction
by 2 independent reviewers, without
any language restriction and includ-
ing registries and RCTs as well as their
sub-analyses. Furthermore, funnel plots
or the fill and trim method did not sug-
gest any publication bias. This meta-
analysis, however, was not performed
on individual data. For the initial se-
lection of studies, data abstractors were
not blinded to authors, affiliations, and
journals. Observational data have limi-
tations inherent to the nature of the data
collected with potential serious bi-
ases. The pooled analyses of these stud-
ies have been reported separately and
should be seen only as supportive of the
main analysis performed on RCTs.

Despite regrouping a large number
of patients, this meta-analysis of ran-
domized trials only may have had an
insufficient statistical power to defi-
nitely exclude an effect on mortality. Be-
cause the CIs are wide, and even if an
OR of 0.80 was found, it is not reason-
ably possible to exclude that the pre-
treatment efficacy may be greater (at
best a reduction of mortality of 43%)
or smaller (at worse an increase in mor-
tality of 11%). Bleeding could further-
more have mitigated the mortality ben-
efit, but the information on fatal
bleeding is lacking in most publica-
tions.

Because of varied designs, end point
definitions, patient presentations, clopi-
dogrel loading doses, timing of load-
ing before PCI, other drug regimens and
durations of follow-up, we have con-
ducted several confirmatory subset
analyses along with the main analysis
on RCTs that was not hampered by any
heterogeneity between trials. The fact
that observational studies analyses are

fully consistent with the RCTs analy-
sis support our findings.

Furthermore, because we cannot
completely exclude a potential inter-
action between clopidogrel pretreat-
ment and an unknown factor of hetero-
geneity, and although no multilevel
meta-analysis was done, we per-
formed multiple sensitivity analyses that
do not suggest any difference from the
main analysis when considering many
of these covariate variables. It is thus
unlikely that such unidentified inter-
actions could affect the primary end
point of the study. In all cases, most
subgroup comparisons must be viewed
as exploratory and not as definitive, and
specific research on these subgroups
should be performed to better under-
stand the effect of pretreatment.

In conclusion, among patients sched-
uled for PCI, clopidogrel pretreat-
ment was not associated with a lower
risk of overall mortality, but was asso-
ciated with a significantly lower risk of
a major coronary event. Although a pre-
treatment strategy has been recom-
mended for years in patients undergo-
ing PCI, this study shows the limits of
the available evidence, with no signifi-
cant benefit on hard outcomes. The
value of pretreatment, including with
new antiplatelet agents, needs to be as-
sessed in large prospective studies.
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