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Savoir de quoi on parle 
 Différencier un syndrome coronaire aigu d’une douleur 

thoracique. 

•  Toute douleur thoracique n’est pas une douleur angineuse 
•  Toute douleur angineuse n’est pas un syndrome coronaire 

aigu. 

•  Le syndrome coronaire aigu est un continuum allant du 
SCA non ST+ au SCA ST+ 



Angor stable 

Peter Libby Circulation 2001; 104:365 

•  La chape fibreuse est 
épaisse 

•  Pas de rupture de 
plaque 

•  Pas d’activation de la 
coagulation 

•  Pas d’activation de 
l’agrégation 
plaquettaire 



A new pathogenetic classification of ACS  

factors, elevated baseline pregnancy-associated plasma
protein–A was found to be independently associated with
increased risk for CV death or MI at 30 days (HR: 1.62;
p ¼ 0.006) and 1 year (HR: 1.35; p ¼ 0.012). 2) Ischemia-
mediated changes to myocardial cell surface molecule
expression render the cell membrane a target for the
complement system, leading to the formation of a membrane
attack complex (MAC), which leads to cell lysis. In an analysis

of 725 patients with STEMI treated with primary PCI,
elevated concentrations of soluble MAC (a stable nonlytic
form of MAC that can be used to estimate MAC) after
multivariate adjustment were associated with all-cause
mortality (HR: 1.81; p ¼ 0.029) and major adverse CV
events (HR: 1.70; p ¼ 0.006) (29). 3) Interleukin-17 is
produced by a recently described lineage of CD4þ T cells,
plays a role in host immunity and the pathophysiology of

Figure 2 A New Pathogenetic Classification of ACS

Simple clinical descriptors provide a framework for understanding the basic mechanisms responsible for coronary instability in homogenous groups of patients with acute
coronary syndromes (ACS) that might help in the search for new diagnostic algorithms and therapeutic targets: 1) patients with obstructive atherosclerosis (ATS) and systemic
inflammation; 2) patients with obstructive atherosclerosis without systemic inflammation; and 3) patients without obstructive atherosclerosis. Reprinted with permission from
Crea and Liuzzo (10).

Table 3 Trial Acronyms

Acronym Definition

ARCTIC Assessment by a Double Randomization of a Conventional Antiplatelet Strategy Versus a Monitoring-Guided Strategy for Drug-Eluting Stent
Implantation and of Treatment Interruption Versus Continuation One Year After Stenting

ATLAS ACS 2 Second Trial of Anti-Xa Therapy to Lower Cardiovascular Events in Addition to Standard Therapy in Subjects With Acute Coronary Syndrome

CHAMPION PHOENIX Cangrelor Versus Standard Therapy to Achieve Optimal Management of Platelet Inhibition

COMFORTABLE AMI Comparison of Biolimus Eluted From an Erodible Stent Coating With Bare Metal Stents in Acute ST-Elevation Myocardial Infarction

DAPT Dual Antiplatelet Therapy

EMBRACE-STEMI Evaluation of the Myocardial Effects of Bendavia for Reducing Reperfusion Injury in Patients With Acute Coronary Events–STEMI

EXAMINATION Clinical Evaluation of the Xience-V Stent in Acute Myocardial Infarction

GUSTO Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries

HORIZONS-AMI Harmonizing Outcomes With Revascularization and Stents in Acute Myocardial Infarction

IABP-SHOCK II Intraaortic Balloon Pump in Cardiogenic Shock II

MERLIN Metabolic Efficiency With Ranolazine for Less Ischemia in Non–ST-Elevation Acute Coronary Syndromes

PARADOX The Influence of Smoking Status on Prasugrel and Clopidogrel Treated Subjects Taking Aspirin and Having Stable Coronary Artery Disease

PLATO Platelet Inhibition and Patient Outcomes

RIFLE-STEACS Radial Versus Femoral Randomized Investigation in ST-Elevation Acute Coronary Syndrome

RIVAL A Trial of Trans-Radial Versus Trans-Femoral Percutaneous Coronary Intervention Access Site Approach in Patients With Unstable Angina or
Myocardial Infarction Managed With an Invasive Strategy

TIMI Thrombolysis in Myocardial Infarction

TRILOGY Targeted Platelet Inhibition to Clarify the Optimal Strategy to Medically Manage Acute Coronary Syndromes

TRITON Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel

TRIUMPH Translational Research Investigating Underlying Disparities in Acute Myocardial Infarction Patients’ Health Status

TWENTE The Real-World Endeavor Resolute Versus Xience V Drug-Eluting Stent Study in Twente

WOEST What Is the Optimal Antiplatelet and Anticoagulant Therapy in Patients With Oral Anticoagulation and Coronary Stenting

XAMI Xience V Stent vs. Cypher Stent in Primary PCI for Acute Myocardial Infarction
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In this year’s report on acute coronary syndromes (ACS),
we have expanded the scope to include ST-segment eleva-
tion myocardial infarction (STEMI) in addition to non–
ST-segment elevation ACS. In this report, we review
selected highlights across the spectrum of ACS published
between June 2012 and September 2013.

Background

It is estimated that there were over 1.1 million patients with
diagnoses of ACS discharged from U.S. hospitals in 2010,
of whom 74% were classified as having myocardial infarction
(MI) (1). Despite improvements in the management of
coronary heart disease risk factors, the annual rates of acute
myocardial infarction (AMI) have been fairly stable in the
United States over the past decade. The impact of enhanced
prevention has been offset by the use of more sensitive
biomarkers of cardiac necrosis, specifically cardiac troponin
(cTn), to define MI (2), as well as the increase in comor-
bidities that increase the risk for developing ACS, including
diabetes, metabolic syndrome, and chronic kidney disease, as
well as the overall aging of the population. The percent of
patients with ACS classified as having STEMI ranges from
29% to 47% in recent databases and registries, depending on
the methods used to identify patients and the population
being studied (1). This percent is decreasing relative to non-
STEMI (NSTEMI), in part because of temporal changes in
the risk factor profile (reductions in “classic” risk factors such
as smoking and hypertension but increases in the afore-
mentioned comorbidities) (3). With the broader acceptance
of the third universal definition of MI (4) (Table 1), we
expect these trends to continue.

Indeed, as the sensitivity of cTn measurements has
increased, the fraction of patients with unstable angina (UA)
(i.e., those with non–ST-segment elevation ACS and no
evidence of myocardial necrosis) is steadily declining (2).
With the introduction of so-called high-sensitivity cTn
(hs-cTn) into clinical practice in a number of countries
(other than the United States), almost all patients with
ischemic discomfort at rest consistent with ACS have
elevations of hs-cTn and are being reclassified as having
NSTEMI (5). Patients with chest pain at rest without
elevation of hs-cTn on 2 measurements made 2 to 4 h
apart most likely have nonischemic chest pain.

New Guidelines

New guidelines for the management of STEMI were
released by the American College of Cardiology Foundation
(ACCF) and American Heart Association (AHA) (6) and
the European Society of Cardiology (7) during the past year.
In addition, the ACCF and AHA published an update of
the guideline for UA and NSTEMI guideline (8). Key
changes in these guidelines are summarized in Table 2.

Two important updates to the STEMI guideline (6)
include a new target of no more than 120 min from first
medical contact to initiation of fibrinolysis (for those not
undergoing primary percutaneous coronary intervention
[PCI]) and the early initiation of therapeutic hypothermia in
survivors of cardiac arrest, followed by immediate PCI
when appropriate. Across the ACS spectrum, these updated
guidelines (6–8) now recommend the use of the more potent
oral antiplatelet drugs (prasugrel or ticagrelor) as alternatives
to clopidogrel and provide specific advice on how to mini-
mize bleeding, particularly among patients who require
dual-antiplatelet therapy (DAPT) in addition to oral
anticoagulation.

Pathophysiology

Three important reports extended the framework for
understanding the basic mechanisms leading to ACS:
1) Libby (9) described an updated model in terms of cellular
and molecular pathways that underlie the pathogenesis of
ACS, with a central role for inflammation, which drives
plaque disruption and thrombosis (Fig. 1). This more
nuanced understanding of the pathophysiology of ACS has
broadened our approach beyond management of a focal
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Clopidogrel pre-treatment in stable angina: for
all patients >6 h before elective coronary
angiography or only for angiographically selected
patients a few minutes before PCI? A randomized
multicentre trial PRAGUE-8
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Aims To compare two different clopidogrel regimens on the outcomes of patients undergoing elective coronary angiogra-
phy (CAG)+ad hoc percutaneous coronary intervention (PCI).

Methods
and results

Open-trial randomized 1028 patients with stable angina to group A (‘non-selective’—clopidogrel 600 mg .6 h
before CAG; n ¼ 513) or group B (‘selective’—clopidogrel 600 mg in the cath-lab after CAG, only in case of PCI;
n ¼ 515). Combined primary endpoint was death/periprocedural myocardial infarction (MI)/stroke/re-intervention
within 7 days. Secondary endpoints were troponin elevation and bleeding complications. Primary endpoint occurred
in 0.8% group A patients vs. 1% group B (P ¼ 0.749; 90% CI for the percentage difference 21.2–0.8). Periprocedural
troponin elevation (.3! ULN) was detected in 2.6% group A vs. 3.3% group B (P ¼ 0.475; 90% CI 22.5–1.0).
Bleeding complications occurred in 3.5% group A patients vs. 1.4% group B (P ¼ 0.025). After adjustment for
covariates and factors that may influence the bleeding risk, patients in group A were shown to have more likely
bleeding complications when compared with group B (OR ¼ 3.03; 95% CI 1.14–8.10; P ¼ 0.027).

Conclusion High (600 mg) loading dose of clopidogrel before elective CAG increased the risk of minor bleeding complications,
while the benefit on periprocedural infarction was not significant. Clopidogrel can be given safely in the catheteriza-
tion laboratory between CAG and PCI in chronic stable angina patients.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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† Bleeding complications † Periprocedural ischaemic complications
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University, Prague, Czech Republic; 4Masaryk University and University Hospital Brno, Brno, Czech Republic; 5Regional Hospital Liberec, Liberec, Czech Republic; and 6National
Institute of Public Health, Prague, Czech Republic

Received 11 October 2007; revised 12 March 2008; accepted 7 April 2008; online publish-ahead-of-print 25 April 2008

See page 1475 for the editorial comment on this article (doi:10.1093/eurheartj/ehn230)

Aims To compare two different clopidogrel regimens on the outcomes of patients undergoing elective coronary angiogra-
phy (CAG)+ad hoc percutaneous coronary intervention (PCI).

Methods
and results

Open-trial randomized 1028 patients with stable angina to group A (‘non-selective’—clopidogrel 600 mg .6 h
before CAG; n ¼ 513) or group B (‘selective’—clopidogrel 600 mg in the cath-lab after CAG, only in case of PCI;
n ¼ 515). Combined primary endpoint was death/periprocedural myocardial infarction (MI)/stroke/re-intervention
within 7 days. Secondary endpoints were troponin elevation and bleeding complications. Primary endpoint occurred
in 0.8% group A patients vs. 1% group B (P ¼ 0.749; 90% CI for the percentage difference 21.2–0.8). Periprocedural
troponin elevation (.3! ULN) was detected in 2.6% group A vs. 3.3% group B (P ¼ 0.475; 90% CI 22.5–1.0).
Bleeding complications occurred in 3.5% group A patients vs. 1.4% group B (P ¼ 0.025). After adjustment for
covariates and factors that may influence the bleeding risk, patients in group A were shown to have more likely
bleeding complications when compared with group B (OR ¼ 3.03; 95% CI 1.14–8.10; P ¼ 0.027).

Conclusion High (600 mg) loading dose of clopidogrel before elective CAG increased the risk of minor bleeding complications,
while the benefit on periprocedural infarction was not significant. Clopidogrel can be given safely in the catheteriza-
tion laboratory between CAG and PCI in chronic stable angina patients.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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PRAGUE-8. 
•  1028 patients avec un ANGOR Stable 

 

• Critère Primaire composite dans les 7 jours: 
•  Mortalité,  
•  IDM per procédure, 
•   AVC, 
•   Revascularisation. 

• Critère secondaire: 
•  Elévation de la troponine 
•  Complications hémorragiques. 



PRAGUE-8. 
• Pas de différence sur le critère primaire: 

•  0.8% vs 1% (p=0.749) 

• Augmentation du taux de complications hémorragiques  
(mineurs+++) dans le groupe pré-traitement. 

•  3.1% vs 1.2% (p=0.033) 
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Clopidogrel pre-treatment in stable angina: for
all patients >6 h before elective coronary
angiography or only for angiographically selected
patients a few minutes before PCI? A randomized
multicentre trial PRAGUE-8
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Aims To compare two different clopidogrel regimens on the outcomes of patients undergoing elective coronary angiogra-
phy (CAG)+ad hoc percutaneous coronary intervention (PCI).

Methods
and results

Open-trial randomized 1028 patients with stable angina to group A (‘non-selective’—clopidogrel 600 mg .6 h
before CAG; n ¼ 513) or group B (‘selective’—clopidogrel 600 mg in the cath-lab after CAG, only in case of PCI;
n ¼ 515). Combined primary endpoint was death/periprocedural myocardial infarction (MI)/stroke/re-intervention
within 7 days. Secondary endpoints were troponin elevation and bleeding complications. Primary endpoint occurred
in 0.8% group A patients vs. 1% group B (P ¼ 0.749; 90% CI for the percentage difference 21.2–0.8). Periprocedural
troponin elevation (.3! ULN) was detected in 2.6% group A vs. 3.3% group B (P ¼ 0.475; 90% CI 22.5–1.0).
Bleeding complications occurred in 3.5% group A patients vs. 1.4% group B (P ¼ 0.025). After adjustment for
covariates and factors that may influence the bleeding risk, patients in group A were shown to have more likely
bleeding complications when compared with group B (OR ¼ 3.03; 95% CI 1.14–8.10; P ¼ 0.027).

Conclusion High (600 mg) loading dose of clopidogrel before elective CAG increased the risk of minor bleeding complications,
while the benefit on periprocedural infarction was not significant. Clopidogrel can be given safely in the catheteriza-
tion laboratory between CAG and PCI in chronic stable angina patients.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Les conclusions d’une étude sur l’angor stable ne peuvent s’extrapoler ni 
s’appliquer aux syndromes coronaires aigus!!!! 
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Effectiveness of In-Laboratory
High-Dose Clopidogrel Loading
Versus Routine Pre-Load in Patients
Undergoing Percutaneous Coronary Intervention
Results of the ARMYDA-5 PRELOAD
(Antiplatelet therapy for Reduction of MYocardial Damage
during Angioplasty) Randomized Trial

Germano Di Sciascio, MD,* Giuseppe Patti, MD,* Vincenzo Pasceri, MD,† Laura Gatto, MD,*
Giuseppe Colonna, MD,‡ Antonio Montinaro, MD,‡ on behalf of the ARMYDA-5
PRELOAD Investigators

Rome and Lecce, Italy

Objectives This study sought to evaluate safety and effectiveness of in-laboratory (in-lab) 600-mg clopidogrel loading pre-
percutaneous coronary intervention (PCI) versus routine 6-h pre-load.

Background Clopidogrel pre-treatment significantly improves outcome in patients undergoing PCI; however, efficacy of an in-lab
loading strategy before PCI after coronary angiography versus routine pre-load has not been fully characterized.

Methods A total of 409 patients (39% with acute coronary syndrome) were randomized to receive a 600-mg clopidogrel
loading dose 4 to 8 h before PCI (pre-load group, n ! 204) or a 600-mg loading dose given in the catheteriza-
tion lab after coronary angiography, but prior to PCI (in-lab group, n ! 205). Primary end point was 30-day inci-
dence of major adverse cardiac events: cardiac death, myocardial infarction (MI), or unplanned target vessel re-
vascularization.

Results There was no significant difference in primary end point between the 2 randomization arms (8.8% in-lab vs.
10.3% pre-load; p ! 0.72); this was mainly driven by periprocedural MI (8.8% vs. 9.3%, p ! 0.99). No increased
risk of bleeding or vascular complications was observed in the pre-load arm (5.4% vs. 7.8%; p ! 0.42). As deter-
mined by the VerifyNow assay (Accumetrics, San Diego, California), patients in the in-lab group showed higher
platelet reactivity during PCI and 2 h after intervention versus those in the pre-load arm (p ! 0.043).

Conclusions ARMYDA-5 PRELOAD (Antiplatelet therapy for Reduction of MYocardial Damage during Angioplasty) trial indi-
cates that a strategy of 600-mg in-lab clopidogrel load pre-PCI may have similar clinical outcomes as routine
4- to 8-h pre-load. Thus, when indicated, in-lab clopidogrel administration can be a safe alternative to routine
pre-treatment given before knowing patients’ coronary anatomy. (J Am Coll Cardiol 2010;56:550–7) © 2010
by the American College of Cardiology Foundation

Clopidogrel loading before percutaneous coronary interven-
tion (PCI) can significantly improve clinical outcome; re-
cent studies show that a 600-mg clopidogrel load given "2
h prior to the procedure achieves better clinical results
compared to a 300-mg dose (1). Pharmacokinetic evidence

indicates that 600-mg clopidogrel achieves maximal platelet
inhibition within 2 h after drug administration, whereas the
conventional 300 mg will require longer than 12 h (2–4).

See page 558

The CREDO (Clopidogrel for the Reduction of Events
During Observation) trial demonstrated a time dependence
of the clinical benefit with the 300-mg dose utilized in the
study, with at least 15 h of pre-treatment required to
significantly decrease adverse events (5). Furthermore, data
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ARMYDA-5 PRELOAD 
•  409 patients (39 % de syndrome coronaire aigu) 

6 h de prétraitement au moins / 600mg de Clopidogrel. 

•  204  patients : bras pré-traitement:  
•  205 patients: Cath lab 

• Critère primaire à J30 
•  Mortalité CV, IDM, revascularisation 

• Critères secondaires 
•  Elévation de la troponine ou des CPKMB x 3N 
•  Hémorragies majeurs et mineurs selon TIMI 



ARMYDA-5 PRELOAD 
• Critère primaire: 

•  Pas de différence:  8,8% vs 10,3% (p=0,72) 

• Pas de sur-risque hémorragique. 

Si le prétraitement n’apporte pas de bénéfice, il n’ entraine pas de saignement 
majeur plus important. 

Mais il n’y a que 39% de SCA!!!!!!! 



Efficacy and safety of clopidogrel pretreatment before
percutaneous coronary intervention with and without
glycoprotein IIb/IIIa inhibitor use
Marc S. Sabatine, MD, MPH,a Hussam N. Hamdalla, MD,b Shamir R. Mehta, MD,c Keith A.A. Fox, MBChB,d

Eric J. Topol, MD,e Steven R. Steinhubl, MD,b and Christopher P. Cannon, MDa Boston, MA; Lexington, KY;
Hamilton, Ontario, Canada; Scotland, UK; and La Jolla, CA

Background Clopidogrel pretreatment before percutaneous coronary intervention (PCI) has been shown to reduce the
risk of death and ischemic complications after PCI. However, the need for clopidogrel pretreatment is debated in patients
receiving a glycoprotein IIb/IIIa inhibitor (GPI).

Methods We performed a collaborative meta-analysis of the results of 3 randomized trials of clopidogrel pretreatment:
PCI-CURE, CREDO, and PCI-CLARITY. Patients were stratified based on GPI use at the time of PCI (a postrandomization
subgroup analysis). Odds ratios (ORs) and 95% CIs for the effect of clopidogrel pretreatment versus placebo pretreatment
on the incidence of cardiovascular death, myocardial infarction (MI), or stroke for up to 30 days after PCI were calculated for
each trial within each GPI stratum and were combined using a random effects model.

Results Six thousand three hundred twenty-five patients were included, 32.4% of whom received aGPI. There was a consistent
benefit of clopidogrel pretreatment in reducing the incidence of cardiovascular death, MI, or stroke after PCI both in patients
who did not receive a GPI (OR 0.72, 95% CI 0.53-0.98, P = .03) and in those who did (OR 0.69, 95% CI 0.47-1.00, P = .05).
Therewas no evidence of heterogeneity in the benefit of clopidogrel pretreatment betweenGPI use strata (P= .85 for heterogeneity).
Clopidogrel pretreatment was not associated with a significant excess of TIMI major or minor bleeding, either in those who did
not receive a GPI (OR 1.20, 95% CI 0.76-1.92) or in those who did (OR 1.22, 95% CI 0.71-2.09) (P = .97 for heterogeneity).

Conclusion Clopidogrel pretreatment before PCI is beneficial and safe regardless of whether a GPI is used at the time of
PCI. (Am Heart J 2008;155:910-7.)

Dual antiplatelet therapy after percutaneous coronary
intervention (PCI), using a combination of a P2Y12
adenosine diphosphate (ADP) receptor blocker (such as
ticlopidine or clopidogrel) and aspirin, reduces platelet
activation and thrombotic and ischemic complications.1

We have previously shown that pretreatment with
clopidogrel before PCI significantly reduces cardiovas-
cular death and ischemic complications after PCI.2-4

Accordingly, the most recent PCI guidelines from the
American Heart Association (AHA), the American
College of Cardiology (ACC), the Society for Cardio-
vascular Angiography and Intervention (SCAI), and the
European Society of Cardiology (ESC) make clopidogrel
pretreatment (300 mg at least 6 hours before PCI) a
class I recommendation.5,6

However, the need for clopidogrel pretreatment has
been debated in patients receiving a glycoprotein IIb/IIIa
inhibitor (GPI) during PCI. Glycoprotein IIb/IIIa inhibi-
tors rapidly achieve near complete inhibition of platelet
aggregation, and their use during PCI is recommended in
both the AHA/ACC/SCAI and the ESC guidelines.5,6 To
that end, more than 80% of patients undergoing PCI in the
CRUSADE registry received a GPI.7 Although studies have
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Prétraitement: Etudes positives 

•  Méta-analyse de PCI-CURE, CREDO, PCI-CLARITY: 
•   6325 patients inclus 
•  32% ont reçu des anti-GP2B3A 
•  Pré-traitement par Clopidogrel 300mg 

•  Critère primaire: 
•  Mortalité CV, IDM et AVC. 

•  Critère de sécurité: 
•  Saignements majeurs et mineurs  selon TIMI 

Marc S. Sabatine et al , Am Heart J. 2008; 155: 910-7 



Résultats 

hours) in CREDO, to 3 days (IQR 1-5 days) in PCI-
CLARITY, to 10 days (IQR 5-28 days) in PCI-CURE. More
than 80% of patients received a stent in each of the
trials. A total of 631 of the 2658 patients (23.7%) in PCI-
CURE, 823 of the 1815 patients (45.3%) in CREDO, and
598 of the 1852 patients (32.3%; 11 patients did not
GPI data available) in PCI-CLARITY received a GPI at
the discretion of the treating physician. Thus, there
were 4273 patients who did not receive a GPI and
2052 patients who did, for a total of 6325 patients in
this meta-analysis
Overall, pretreatment with clopidogrel resulted in 29%

reduction in the odds of cardiovascular death, MI, or
stroke after PCI (OR 0.71, 95% CI 0.56-0.90, P = .004).
Among the 4273 patients who did not receive a GPI,
pretreatment with clopidogrel resulted in a 28% reduc-
tion in the odds of cardiovascular death, MI, or stroke
after PCI (OR 0.72, 95% CI 0.53-0.98, P = .03, Figure 1, A).
Similarly, among the 2052 patients who did receive a
GPI, pretreatment with clopidogrel resulted in a 31%
reduction in the odds of cardiovascular death, MI, or
stroke after PCI (OR 0.69, 95% CI 0.47-1.00, P = .05)

(Figure 1, B). There was no evidence of heterogeneity of
the benefit of clopidogrel pretreatment between trials
within each GPI stratum (P N .50 within both strata) or
between GPI strata (P = .85 for heterogeneity).
The benefit of clopidogrel pretreatment was direction-

ally consistent among all of the components of the
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95% CI 0.55-0.93), and stroke (0.48, 95% CI 0.19-1.24) all
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With regard to bleeding, pretreatment was not asso-

ciated with a significant excess of TIMI major or minor
bleeding in the overall meta-analysis (OR 1.21, 95% CI
0.85-1.72, P = .29). The absolute rate of TIMI major or
minor bleeding was higher among the 2044 patients who
did receive a GPI (2.8%) than in the 4260 patients who
did not (1.7%) (P = .006). However, GPI use did not alter
the risk of bleeding with clopidogrel pretreatment as
evidenced by an OR of 1.20 (95% CI 0.76-1.92, P = .43)
(Figure 3, A) for TIMI major or minor bleeding with

Figure 1

Individual trial and combined results for the effect of clopidogrel pretreatment on the composite of cardiovascular death, MI, or stroke after PCI
in patients who did not (panel A) and who did (panel B) receive a GPI during PCI. The squares indicate the OR and the horizontal lines
indicate the 95% CIs for each trial in the meta-analysis, and the size of each square reflects the statistical weight of a trial in the meta-
analysis; diamonds indicate the effect estimate derived from a meta-analysis, with the center indicating the point estimate and the left and
right ends indicating the 95% CI. Tests for heterogeneity: Q2=0.46, P = .80 (within the no-GPI stratum); Q2 = 2.24, P = .33 (within the GPI
stratum); Q1 = 0.04, P = .85 (between GPI strata).

912 Sabatine et al
American Heart Journal

May 2008

Marc S. Sabatine et al , Am Heart J. 2008; 155: 910-7 



CLINICIAN’S CORNERREVIEW

Scan for Author
Audio Interview

Association of Clopidogrel Pretreatment
With Mortality, Cardiovascular Events,
andMajorBleedingAmongPatientsUndergoing
Percutaneous Coronary Intervention
A Systematic Review and Meta-analysis
Anne Bellemain-Appaix, MD
Stephen A. O’Connor, MD
Johanne Silvain, MD, PhD
Michel Cucherat, MD, PhD
Farzin Beygui, MD, PhD
Olivier Barthélémy, MD
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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-
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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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Background
Although P2Y12 antagonists are effective in patients with non–ST-segment elevation 
(NSTE) acute coronary syndromes, the effect of the timing of administration — 
before or after coronary angiography — is not known. We evaluated the effect of 
administering the P2Y12 antagonist prasugrel at the time of diagnosis versus admin-
istering it after the coronary angiography if percutaneous coronary intervention (PCI) 
was indicated.
Methods
We enrolled 4033 patients with NSTE acute coronary syndromes and a positive troponin 
level who were scheduled to undergo coronary angiography within 2 to 48 hours after 
randomization. Patients were randomly assigned to receive prasugrel (a 30-mg load-
ing dose) before the angiography (pretreatment group) or placebo (control group). 
When PCI was indicated, an additional 30 mg of prasugrel was given in the pretreat-
ment group at the time of PCI and 60 mg of prasugrel was given in the control group.
Results
The rate of the primary efficacy end point, a composite of death from cardiovascu-
lar causes, myocardial infarction, stroke, urgent revascularization, or glycoprotein 
IIb/IIIa inhibitor rescue therapy (glycoprotein IIb/IIIa bailout) through day 7, did not 
differ significantly between the two groups (hazard ratio with pretreatment, 1.02; 
95% confidence interval [CI], 0.84 to 1.25; P = 0.81). The rate of the key safety end 
point of all Thrombolysis in Myocardial Infarction (TIMI) major bleeding episodes, 
whether related or not related to coronary-artery bypass grafting (CABG), through 
day 7 was increased with pretreatment (hazard ratio, 1.90; 95% CI, 1.19 to 3.02; 
P = 0.006). The rates of TIMI major bleeding and life-threatening bleeding not re-
lated to CABG were increased by a factor of 3 and 6, respectively. Pretreatment did 
not reduce the rate of the primary outcome among patients undergoing PCI (69% 
of the patients) but increased the rate of TIMI major bleeding at 7 days. All the re-
sults were confirmed at 30 days and in prespecified subgroups.
Conclusions
Among patients with NSTE acute coronary syndromes who were scheduled to un-
dergo catheterization, pretreatment with prasugrel did not reduce the rate of major 
ischemic events up to 30 days but increased the rate of major bleeding complica-
tions. (Funded by Daiichi Sankyo and Eli Lilly; ACCOAST ClinicalTrials.gov number, 
NCT01015287.)
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a significant decrease in the rate of ischemic 
events (the primary end point) during the waiting 
period for coronary angiography: 0.8% (16 of 2014 
patients) among those who received pretreatment 
and 0.9% (18 of 1981 patients) among those who 
did not receive pretreatment (P = 0.93). In most 
cases, glycoprotein IIb/IIIa bailout therapy was 
administered to treat an angiographically identi-

fied thrombus before PCI or thrombotic compli-
cations during PCI. The rates of definite or prob-
able stent thrombosis were low in the two groups 
through day 30: 0.1% (2 of 1367 patients) in the 
pretreatment group and 0.4% (5 of 1353 patients) 
in the control group (P = 0.25)

In the cohort of patients who underwent PCI, 
there was no significant difference between the 
two groups with respect to the primary end point 
(Fig. 2) — a finding similar to that in the overall 
population. There was no benefit of pretreatment 
in prespecified subgroups of the global popula-
tion (Fig. S3 in the Supplementary Appendix) or 
in the PCI cohort.

Safety
The incidences of TIMI major bleeding (Table 3 
and Fig. 1) and of TIMI major or minor bleeding 
(Fig. S4 in the Supplementary Appendix) through 
day 7 after the first loading dose were signifi-
cantly higher in the pretreatment group than in 
the control group. There was an increase by a 
factor of 3 in all major bleeding not related to 
CABG and an increase by a factor of 6 in life-
threatening bleeding not related to CABG (Table 3). 
TIMI minor bleeding events were also increased 
with pretreatment as compared with no pretreat-
ment (hazard ratio, 2.50; 95% confidence inter-
val, 1.42 to 4.37; P<0.001). There was, however, 
no excess of fatal bleeding or intracranial hemor-
rhage with pretreatment.

Bleeding events were predominantly associated 
with PCI or CABG and occurred early in patients 
who underwent PCI (Fig. 2). The results were 
consistent when more PCI-specific STEEPLE defi-
nitions were used. A total of 14 patients in the 
PCI cohort had TIMI life-threatening bleeding 
events (12 patients in the pretreatment group and 
2 in the control group). The most frequent bleed-
ing complications involved bleeding at the access 
site (5 patients), pericardial bleeding (4), and retro-
peritoneal bleeding (3). Although bleeding com-
plications occurred less frequently in some sub-
groups, such as young patients, patients with high 
body weight, and patients in whom PCI was per-
formed through radial access, pretreatment, as 
compared with no pretreatment, was consistently 
associated with an excess of bleeding in these 
subgroups (Fig. S5 and S6 in the Supplementary 
Appendix). There was no significant difference 
between the groups in the rates of nonhemor-
rhagic serious adverse events. The rates of epi-
staxis and hematoma were higher in the pretreat-
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Figure 1. Primary Efficacy and Key Safety End Points in the Total Population.

Panel A shows the incidence of the primary efficacy end point of death from 
cardiovascular causes, myocardial infarction, stroke, urgent revasculariza-
tion, or glycoprotein IIb/IIIa inhibitor rescue therapy (glycoprotein IIb/IIIa 
bailout) at day 7 (dotted line) and to day 30 after the first loading dose, in 
the total study population, according to pretreatment or no pretreatment 
with prasugrel. Panel B shows the incidence of the key safety end point of 
major bleeding (whether related or not related to coronary-artery bypass 
grafting) according to Thrombolysis in Myocardial Infarction criteria at day 7 
(dotted line) and to day 30, in the total study population, according to pre-
treatment or no pretreatment with prasugrel. CI denotes confidence interval.
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a significant decrease in the rate of ischemic 
events (the primary end point) during the waiting 
period for coronary angiography: 0.8% (16 of 2014 
patients) among those who received pretreatment 
and 0.9% (18 of 1981 patients) among those who 
did not receive pretreatment (P = 0.93). In most 
cases, glycoprotein IIb/IIIa bailout therapy was 
administered to treat an angiographically identi-

fied thrombus before PCI or thrombotic compli-
cations during PCI. The rates of definite or prob-
able stent thrombosis were low in the two groups 
through day 30: 0.1% (2 of 1367 patients) in the 
pretreatment group and 0.4% (5 of 1353 patients) 
in the control group (P = 0.25)

In the cohort of patients who underwent PCI, 
there was no significant difference between the 
two groups with respect to the primary end point 
(Fig. 2) — a finding similar to that in the overall 
population. There was no benefit of pretreatment 
in prespecified subgroups of the global popula-
tion (Fig. S3 in the Supplementary Appendix) or 
in the PCI cohort.

Safety
The incidences of TIMI major bleeding (Table 3 
and Fig. 1) and of TIMI major or minor bleeding 
(Fig. S4 in the Supplementary Appendix) through 
day 7 after the first loading dose were signifi-
cantly higher in the pretreatment group than in 
the control group. There was an increase by a 
factor of 3 in all major bleeding not related to 
CABG and an increase by a factor of 6 in life-
threatening bleeding not related to CABG (Table 3). 
TIMI minor bleeding events were also increased 
with pretreatment as compared with no pretreat-
ment (hazard ratio, 2.50; 95% confidence inter-
val, 1.42 to 4.37; P<0.001). There was, however, 
no excess of fatal bleeding or intracranial hemor-
rhage with pretreatment.

Bleeding events were predominantly associated 
with PCI or CABG and occurred early in patients 
who underwent PCI (Fig. 2). The results were 
consistent when more PCI-specific STEEPLE defi-
nitions were used. A total of 14 patients in the 
PCI cohort had TIMI life-threatening bleeding 
events (12 patients in the pretreatment group and 
2 in the control group). The most frequent bleed-
ing complications involved bleeding at the access 
site (5 patients), pericardial bleeding (4), and retro-
peritoneal bleeding (3). Although bleeding com-
plications occurred less frequently in some sub-
groups, such as young patients, patients with high 
body weight, and patients in whom PCI was per-
formed through radial access, pretreatment, as 
compared with no pretreatment, was consistently 
associated with an excess of bleeding in these 
subgroups (Fig. S5 and S6 in the Supplementary 
Appendix). There was no significant difference 
between the groups in the rates of nonhemor-
rhagic serious adverse events. The rates of epi-
staxis and hematoma were higher in the pretreat-
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Figure 1. Primary Efficacy and Key Safety End Points in the Total Population.

Panel A shows the incidence of the primary efficacy end point of death from 
cardiovascular causes, myocardial infarction, stroke, urgent revasculariza-
tion, or glycoprotein IIb/IIIa inhibitor rescue therapy (glycoprotein IIb/IIIa 
bailout) at day 7 (dotted line) and to day 30 after the first loading dose, in 
the total study population, according to pretreatment or no pretreatment 
with prasugrel. Panel B shows the incidence of the key safety end point of 
major bleeding (whether related or not related to coronary-artery bypass 
grafting) according to Thrombolysis in Myocardial Infarction criteria at day 7 
(dotted line) and to day 30, in the total study population, according to pre-
treatment or no pretreatment with prasugrel. CI denotes confidence interval.

The New England Journal of Medicine 
Downloaded from nejm.org on March 22, 2014. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 

ACCOAST est une étude négative sur les évènements ischémiques  
Mais plus de saignements dans le bras pré traitement. 

Montalescot et al:, NEJM 

n engl j med 369;11 nejm.org september 12, 2013 999

The new england 
journal of medicine
established in 1812 september 12, 2013 vol. 369 no. 11

Pretreatment with Prasugrel in Non–ST-Segment Elevation  
Acute Coronary Syndromes

Gilles Montalescot, M.D., Ph.D., Leonardo Bolognese, M.D., Dariusz Dudek, M.D., Ph.D., Patrick Goldstein, M.D.,  
Christian Hamm, M.D., Jean-Francois Tanguay, M.D., Jurrien M. ten Berg, M.D., Ph.D., Debra L. Miller, R.N.,  

Timothy M. Costigan, Ph.D., Jochen Goedicke, M.D., Johanne Silvain, M.D., Ph.D., Paolo Angioli, M.D.,  
Jacek Legutko, M.D., Ph.D., Margit Niethammer, M.D., Zuzana Motovska, M.D., Ph.D., Joseph A. Jakubowski, Ph.D.,  
Guillaume Cayla, M.D., Ph.D., Luigi Oltrona Visconti, M.D., Eric Vicaut, M.D., Ph.D., and Petr Widimsky, M.D., D.Sc., 

for the ACCOAST Investigators*

A BS TR AC T

The authors’ affiliations are listed in the 
Appendix. Address reprint requests to 
Dr. Montalescot at the ACTION Study 
Group, Institut de Cardiologie, Centre 
Hos pitalier Universitaire Pitié–Sal pêt ri ère, 
47 Blvd. de l’Hôpital, 75013 Paris, France, 
or at gilles.montalescot@psl.aphp.fr.

* Investigators in the Comparison of Prasu-
grel at the Time of Percutaneous Coro-
nary Intervention (PCI) or as Pretreat-
ment at the Time of Diagnosis in Patients 
with Non-ST Elevation Myocardial Infarc-
tion (ACCOAST) are listed in the Supple-
mentary Appendix, available at NEJM.org.

This article was published on September 
1, 2013, at NEJM.org.

N Engl J Med 2013;369:999-1010.
DOI: 10.1056/NEJMoa1308075
Copyright © 2013 Massachusetts Medical Society.

Background
Although P2Y12 antagonists are effective in patients with non–ST-segment elevation 
(NSTE) acute coronary syndromes, the effect of the timing of administration — 
before or after coronary angiography — is not known. We evaluated the effect of 
administering the P2Y12 antagonist prasugrel at the time of diagnosis versus admin-
istering it after the coronary angiography if percutaneous coronary intervention (PCI) 
was indicated.
Methods
We enrolled 4033 patients with NSTE acute coronary syndromes and a positive troponin 
level who were scheduled to undergo coronary angiography within 2 to 48 hours after 
randomization. Patients were randomly assigned to receive prasugrel (a 30-mg load-
ing dose) before the angiography (pretreatment group) or placebo (control group). 
When PCI was indicated, an additional 30 mg of prasugrel was given in the pretreat-
ment group at the time of PCI and 60 mg of prasugrel was given in the control group.
Results
The rate of the primary efficacy end point, a composite of death from cardiovascu-
lar causes, myocardial infarction, stroke, urgent revascularization, or glycoprotein 
IIb/IIIa inhibitor rescue therapy (glycoprotein IIb/IIIa bailout) through day 7, did not 
differ significantly between the two groups (hazard ratio with pretreatment, 1.02; 
95% confidence interval [CI], 0.84 to 1.25; P = 0.81). The rate of the key safety end 
point of all Thrombolysis in Myocardial Infarction (TIMI) major bleeding episodes, 
whether related or not related to coronary-artery bypass grafting (CABG), through 
day 7 was increased with pretreatment (hazard ratio, 1.90; 95% CI, 1.19 to 3.02; 
P = 0.006). The rates of TIMI major bleeding and life-threatening bleeding not re-
lated to CABG were increased by a factor of 3 and 6, respectively. Pretreatment did 
not reduce the rate of the primary outcome among patients undergoing PCI (69% 
of the patients) but increased the rate of TIMI major bleeding at 7 days. All the re-
sults were confirmed at 30 days and in prespecified subgroups.
Conclusions
Among patients with NSTE acute coronary syndromes who were scheduled to un-
dergo catheterization, pretreatment with prasugrel did not reduce the rate of major 
ischemic events up to 30 days but increased the rate of major bleeding complica-
tions. (Funded by Daiichi Sankyo and Eli Lilly; ACCOAST ClinicalTrials.gov number, 
NCT01015287.)
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at 30 days (12.7% vs. 17.3%, P ,0.01), and no higher rate of
non-CABG-related major bleeding (3.4% vs. 3.2%, P ¼ 0.87) or
post-CABG major bleeding (50.3% vs. 50.9%, P ¼ 0.83) compared
with patients not administered clopidogrel before CABG. Clopido-
grel use before surgery was an independent predictor of a reduced
rate of ischaemic events but not of excess bleeding.141

Factors other than the time window of administration or with-
drawal of clopidogrel before CABG may play a role in the
excess bleeding. In a study of 4794 patients undergoing CABG
(elective and non-elective), the factors independently associated
with composite bleeding (reoperation for bleeding, red cell trans-
fusion, or haematocrit drop of .15%) were baseline haematocrit
(P ,0.0001), on-pump surgery (P ,0.0001), the experience of the
surgeon performing the CABG (P ¼ 0.02), female sex (P ,0.0001),
lower CrCl (P ¼ 0.0002), presence of angina (P ¼ 0.0003), GP IIb/
IIIa receptor inhibitor treatment before CABG (P ¼ 0.0004), and

the number of diseased vessels (P ¼ 0.002).142 The use of clopido-
grel within 5 days was not associated with higher bleeding rates
once these other factors were accounted for (OR 1.23; 95% CI
0.52–2.10; P ¼ 0.45).

Withdrawal of clopidogrel in high risk cohorts such as those with
ongoing ischaemia in the presence of high risk anatomy (e.g. left
main or severe proximal multivessel disease) is not
recommended, and these patients should undergo CABG in the
presence of clopidogrel with special attention to reducing bleed-
ing.143 Only in patients whose risk of bleeding is very high, such as
redo-CABG or complex CABG with valve surgery, it may be
reasonable to withhold clopidogrel for 3–5 days before surgery
even among patients with active ischaemia and consider bridging
strategies (see below).

In the PLATO trial, clopidogrel treatment was recommended to
be withheld for 5 days and ticagrelor for 1–3 days before CABG

Recommendations for oral antiplatelet agents

Recommendations Class a Level b Ref C

Aspirin should be given to all patients without contraindications at an initial loading dose of 150–300 mg, and at a 
maintenance dose of 75–100 mg daily long-term regardless of treatment strategy. I A 107, 108

A P2Y12 inhibitor should be added to aspirin as soon as possible and maintained over 12 months, unless there are 
contraindications such as excessive risk of bleeding. I A 110, 130, 

132

A proton pump inhibitor (preferably not omeprazole) in combination with DAPT is recommended in patients with a 
history of gastrointestinal haemorrhage or peptic ulcer,  and appropriate for patients with multiple other risk factors 
(H. elicobacter pylori  infection, age ≥65 years, concurrent use of anticoagulants or steroids).

I A 125–127

Prolonged or permanent withdrawal of P2Y12 inhibitors within 12 months after the index event is discouraged unless 
clinically indicated. I C -

Ticagrelor (180-mg loading dose, 90 mg twice daily) is recommended for all patients at moderate-to-high risk of 
ischaemic events (e.g. elevated troponins) , regardless of initial treatment strategy and including those pre-treated with 
clopidogrel (which should be discontinued when ticagrelor is commenced).

I B 132

Prasugrel (60-mg loading dose, 10-mg daily dose) is recommended for P2Y12-inhibitor-naïve patients (especially 
diabetics) in whom coronary anatomy is known and who are proceeding to PCI unless there is a high risk of life-
threatening bleeding or other contraindications.d

I B 130

Clopidogrel (300-mg loading dose, 75-mg daily dose) is recommended for patients who cannot receive ticagrelor or 
prasugrel. I A 110, 146, 

147

A 600-mg loading dose of clopidogrel (or a supplementary 300-mg dose at PCI following an initial 300-mg loading 
dose) is recommended for patients scheduled for an invasive strategy when ticagrelor or prasugrel is not an option. I B 108, 114, 

115

A higher maintenance dose of clopidogrel 150 mg daily should be considered for the first 7 days in patients managed 
with PCI and without increased risk of bleeding. IIa B 108

Increasing the maintenance dose of clopidogrel based on platelet function testing is not advised as routine, but may be 
considered in selected cases. IIb B 124

Genotyping and/or platelet function testing may be considered in selected cases when clopidogrel is used. IIb B 119, 121

In patients pre-treated with P2Y12 inhibitors who need to undergo non-emergent major surgery (including CABG), 
postponing surgery at least for 5 days after cessation of ticagrelor or clopidogrel, and 7 days for prasugrel, if clinically 
feasible and unless the patient is at high risk of ischaemic events should be considered.

IIa C -

Ticagrelor or clopidogrel should be considered to be (re-) started after CABG surgery as soon as considered safe. IIa B 134

The combination of aspirin with an NSAID (selective COX-2 inhibitors and non-selective NSAID) is not 
recommended. III C -

aClass of recommendation.
bLevel of evidence.
cReferences.
dPrasugrel is in the ‘Guidelines on Revascularization’148 given a IIa recommendation as the overall indication including clopidogrel-pre-treated patients and/or unknown coronary
anatomy. The class I recommendation here refers to the specifically defined subgroup.
CABG ¼ coronary artery bypass graft; COX ¼ cyclo-oxygenase; DAPT ¼ dual (oral) antiplatelet therapy; NSAID ¼ non-steroidal anti-inflammatory drug; PCI ¼ percutaneous
coronary intervention.
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non-CABG-related major bleeding (3.4% vs. 3.2%, P ¼ 0.87) or
post-CABG major bleeding (50.3% vs. 50.9%, P ¼ 0.83) compared
with patients not administered clopidogrel before CABG. Clopido-
grel use before surgery was an independent predictor of a reduced
rate of ischaemic events but not of excess bleeding.141

Factors other than the time window of administration or with-
drawal of clopidogrel before CABG may play a role in the
excess bleeding. In a study of 4794 patients undergoing CABG
(elective and non-elective), the factors independently associated
with composite bleeding (reoperation for bleeding, red cell trans-
fusion, or haematocrit drop of .15%) were baseline haematocrit
(P ,0.0001), on-pump surgery (P ,0.0001), the experience of the
surgeon performing the CABG (P ¼ 0.02), female sex (P ,0.0001),
lower CrCl (P ¼ 0.0002), presence of angina (P ¼ 0.0003), GP IIb/
IIIa receptor inhibitor treatment before CABG (P ¼ 0.0004), and

the number of diseased vessels (P ¼ 0.002).142 The use of clopido-
grel within 5 days was not associated with higher bleeding rates
once these other factors were accounted for (OR 1.23; 95% CI
0.52–2.10; P ¼ 0.45).

Withdrawal of clopidogrel in high risk cohorts such as those with
ongoing ischaemia in the presence of high risk anatomy (e.g. left
main or severe proximal multivessel disease) is not
recommended, and these patients should undergo CABG in the
presence of clopidogrel with special attention to reducing bleed-
ing.143 Only in patients whose risk of bleeding is very high, such as
redo-CABG or complex CABG with valve surgery, it may be
reasonable to withhold clopidogrel for 3–5 days before surgery
even among patients with active ischaemia and consider bridging
strategies (see below).

In the PLATO trial, clopidogrel treatment was recommended to
be withheld for 5 days and ticagrelor for 1–3 days before CABG

Recommendations for oral antiplatelet agents

Recommendations Class a Level b Ref C

Aspirin should be given to all patients without contraindications at an initial loading dose of 150–300 mg, and at a 
maintenance dose of 75–100 mg daily long-term regardless of treatment strategy. I A 107, 108

A P2Y12 inhibitor should be added to aspirin as soon as possible and maintained over 12 months, unless there are 
contraindications such as excessive risk of bleeding. I A 110, 130, 

132

A proton pump inhibitor (preferably not omeprazole) in combination with DAPT is recommended in patients with a 
history of gastrointestinal haemorrhage or peptic ulcer,  and appropriate for patients with multiple other risk factors 
(H. elicobacter pylori  infection, age ≥65 years, concurrent use of anticoagulants or steroids).

I A 125–127

Prolonged or permanent withdrawal of P2Y12 inhibitors within 12 months after the index event is discouraged unless 
clinically indicated. I C -

Ticagrelor (180-mg loading dose, 90 mg twice daily) is recommended for all patients at moderate-to-high risk of 
ischaemic events (e.g. elevated troponins) , regardless of initial treatment strategy and including those pre-treated with 
clopidogrel (which should be discontinued when ticagrelor is commenced).

I B 132

Prasugrel (60-mg loading dose, 10-mg daily dose) is recommended for P2Y12-inhibitor-naïve patients (especially 
diabetics) in whom coronary anatomy is known and who are proceeding to PCI unless there is a high risk of life-
threatening bleeding or other contraindications.d

I B 130

Clopidogrel (300-mg loading dose, 75-mg daily dose) is recommended for patients who cannot receive ticagrelor or 
prasugrel. I A 110, 146, 

147

A 600-mg loading dose of clopidogrel (or a supplementary 300-mg dose at PCI following an initial 300-mg loading 
dose) is recommended for patients scheduled for an invasive strategy when ticagrelor or prasugrel is not an option. I B 108, 114, 

115

A higher maintenance dose of clopidogrel 150 mg daily should be considered for the first 7 days in patients managed 
with PCI and without increased risk of bleeding. IIa B 108

Increasing the maintenance dose of clopidogrel based on platelet function testing is not advised as routine, but may be 
considered in selected cases. IIb B 124

Genotyping and/or platelet function testing may be considered in selected cases when clopidogrel is used. IIb B 119, 121

In patients pre-treated with P2Y12 inhibitors who need to undergo non-emergent major surgery (including CABG), 
postponing surgery at least for 5 days after cessation of ticagrelor or clopidogrel, and 7 days for prasugrel, if clinically 
feasible and unless the patient is at high risk of ischaemic events should be considered.

IIa C -

Ticagrelor or clopidogrel should be considered to be (re-) started after CABG surgery as soon as considered safe. IIa B 134

The combination of aspirin with an NSAID (selective COX-2 inhibitors and non-selective NSAID) is not 
recommended. III C -

aClass of recommendation.
bLevel of evidence.
cReferences.
dPrasugrel is in the ‘Guidelines on Revascularization’148 given a IIa recommendation as the overall indication including clopidogrel-pre-treated patients and/or unknown coronary
anatomy. The class I recommendation here refers to the specifically defined subgroup.
CABG ¼ coronary artery bypass graft; COX ¼ cyclo-oxygenase; DAPT ¼ dual (oral) antiplatelet therapy; NSAID ¼ non-steroidal anti-inflammatory drug; PCI ¼ percutaneous
coronary intervention.
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Au vue des résultats d’ACCOAST peut-on généraliser le non pré-traitement 
des SCA a tous les bloqueurs du P2Y12? 
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Abstract
Objective To determine the efficacy and safety of enoxaparin compared
with unfractionated heparin during percutaneous coronary intervention.

Design Systematic review and meta-analysis.

Data sources Medline and Cochrane database of systematic reviews,
January 1996 to May 2011.

Study selection Randomised and non-randomised studies comparing
enoxaparin with unfractionated heparin during percutaneous coronary
intervention and reporting on both mortality (efficacy end point) and
major bleeding (safety end point) outcomes.

Data extraction Sample size, characteristics, and outcomes, extracted
independently and analysed.

Data synthesis 23 trials representing 30 966 patients were identified,
including 10 243 patients (33.1%) undergoing primary percutaneous
coronary intervention for ST elevationmyocardial infarction, 8750 (28.2%)
undergoing secondary percutaneous coronary intervention after
fibrinolysis, and 11 973 (38.7%) with non-ST elevation acute coronary
syndrome or stable patients scheduled for percutaneous coronary
intervention. A total of 13 943 patients (45.0%) received enoxaparin and
17 023 (55.0%) unfractionated heparin. Enoxaparin was associated with
significant reductions in death (relative risk 0.66, 95% confidence interval
0.57 to 0.76; P<0.001), the composite of death or myocardial infarction
(0.68, 0.57 to 0.81; P<0.001), and complications of myocardial infarction

(0.75, 0.6 to 0.85; P<0.001), and a reduction in incidence of major
bleeding (0.80, 0.68 to 0.95; P=0.009). In patients who underwent primary
percutaneous coronary intervention, the reduction in death (0.52, 0.42
to 0.64; P<0.001) was particularly significant and associated with a
reduction in major bleeding (0.72, 0.56 to 0.93; P=0.01).

Conclusion Enoxaparin seems to be superior to unfractionated heparin
in reducing mortality and bleeding outcomes during percutaneous
coronary intervention and particularly in patients undergoing primary
percutaneous coronary intervention for ST elevationmyocardial infarction.

Introduction
The use of unfractionated heparin during percutaneous coronary
intervention is limited by its unpredictable effect, the need for
close monitoring, and the uncertainty around optimal levels of
activated clotting time.1-4 Moreover, the drug exhibits
prothrombotic properties related to platelet activation, poor
control of von Willebrand factor release, and rebound of
thrombin generation after discontinuation.5 6 Despite these
limitations and the absence of relevant randomised placebo
controlled trials, anticoagulation during elective and primary
percutaneous coronary intervention has traditionally been
supported by unfractionated heparin, based largely on historical
practice. The current updated guidelines for anticoagulation in
patients requiring percutaneous coronary intervention for ST
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Abstract
Objective To determine the efficacy and safety of enoxaparin compared
with unfractionated heparin during percutaneous coronary intervention.

Design Systematic review and meta-analysis.

Data sources Medline and Cochrane database of systematic reviews,
January 1996 to May 2011.

Study selection Randomised and non-randomised studies comparing
enoxaparin with unfractionated heparin during percutaneous coronary
intervention and reporting on both mortality (efficacy end point) and
major bleeding (safety end point) outcomes.

Data extraction Sample size, characteristics, and outcomes, extracted
independently and analysed.

Data synthesis 23 trials representing 30 966 patients were identified,
including 10 243 patients (33.1%) undergoing primary percutaneous
coronary intervention for ST elevationmyocardial infarction, 8750 (28.2%)
undergoing secondary percutaneous coronary intervention after
fibrinolysis, and 11 973 (38.7%) with non-ST elevation acute coronary
syndrome or stable patients scheduled for percutaneous coronary
intervention. A total of 13 943 patients (45.0%) received enoxaparin and
17 023 (55.0%) unfractionated heparin. Enoxaparin was associated with
significant reductions in death (relative risk 0.66, 95% confidence interval
0.57 to 0.76; P<0.001), the composite of death or myocardial infarction
(0.68, 0.57 to 0.81; P<0.001), and complications of myocardial infarction

(0.75, 0.6 to 0.85; P<0.001), and a reduction in incidence of major
bleeding (0.80, 0.68 to 0.95; P=0.009). In patients who underwent primary
percutaneous coronary intervention, the reduction in death (0.52, 0.42
to 0.64; P<0.001) was particularly significant and associated with a
reduction in major bleeding (0.72, 0.56 to 0.93; P=0.01).

Conclusion Enoxaparin seems to be superior to unfractionated heparin
in reducing mortality and bleeding outcomes during percutaneous
coronary intervention and particularly in patients undergoing primary
percutaneous coronary intervention for ST elevationmyocardial infarction.

Introduction
The use of unfractionated heparin during percutaneous coronary
intervention is limited by its unpredictable effect, the need for
close monitoring, and the uncertainty around optimal levels of
activated clotting time.1-4 Moreover, the drug exhibits
prothrombotic properties related to platelet activation, poor
control of von Willebrand factor release, and rebound of
thrombin generation after discontinuation.5 6 Despite these
limitations and the absence of relevant randomised placebo
controlled trials, anticoagulation during elective and primary
percutaneous coronary intervention has traditionally been
supported by unfractionated heparin, based largely on historical
practice. The current updated guidelines for anticoagulation in
patients requiring percutaneous coronary intervention for ST
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Figures

Fig 1 Flow of studies through review

Fig 2 Pooled event rates and relative risk ratios for major end points in overall cohort of patients undergoing percutaneous
coronary intervention (PCI) and in subgroup of patients undergoing primary percutaneous coronary intervention. STEMI=ST
elevation myocardial infarction
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1.4. JUSTIFICATION DU DELAI D’INCLUSION DANS L’ETUDE AGIR²

Le délai d’inclusion avait initialement été fixé à 6 heures en référence aux études de reperfusion à la

phase aiguë de l’infarctus du myocarde comparant la thrombolyse et l’angioplastie primaire. En fait,

cette limite de 6 heures doit être respectée pour la thrombolyse mais pas l’angioplastie primaire. En

effet,  au-delà  de  la  6ème heure, l’angioplastie primaire est systématiquement préférée à la

thrombolyse pour le traitement de l’infarctus du myocarde30.

L’étude AGIR² inclut des patients traités uniquement par angioplastie primaire. Aussi, il est normal et

utile d’étendre le délai d’inclusion des patients d’AGIR² jusque 12 heures après le début de la douleur

thoracique.

Le bénéfice d’une administration précoce de tirofiban sur le critère de jugement primaire est aussi

attendu pour les patients pris en charge avec un délai entre 6 et 12 heures.

Il n’y a pas de sur-risque prévisible.

1.5. METHODOLOGIE

Etude multicentrique, prospective, avec randomisation centralisée, ouverte, menée sur 2 groupes

parallèles de patients.

1.6. POPULATION DE L'ETUDE

1.6.1. Critères de sélection

Patients pris en charge par le SAMU pour douleur thoracique avec modifications ECG évocatrices

d'infarctus du myocarde.

Montalescot et. JAMA. 2004 Jul 21;292(3):362-6. 

 
On TIME-2: Amélioration du Flux TIMI3, et de la résolution du segment ST. 
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or 15 !mol/l TRAP was significantly higher after concom-
itant tirofiban and prasugrel (96.1 ! 3.1% [95% confidence
interval (CI): 95.0% to 97.2%]; 93.0 ! 7.1% [95% CI: 91.1% to
94.2%], respectively) administration than after prasugrel
(50.2 ! 34.0% [95% CI: 46.1% to 54.2%]; 31.2 ! 29.1%
[95% CI: 27.0% to 34.2%], respectively) or tirofiban alone
(82.4 ! 33.1% [95% CI: 74.1% to 90.4%]; 76.1 ! 35.0% [95%
CI: 67.0% to 84.1%], respectively). Interestingly, combined
upstream and downstream blockade of both platelet activation
and aggregation led to a very consistent level of platelet
inhibition after both ADP or TRAP stimuli, with coefficients
of variability after tirofiban and prasugrel being at least 10 time
times lower (0.03 and 0.07, respectively) than those observed
after tirofiban (0.40 and 0.46, respectively) or prasugrel alone
(0.68 and 1.07, respectively) therapy (Fig. 5B).

Discussion

Our study is the first to our knowledge to assess the
differential degree of platelet inhibition obtained after either

ADP and TRAP stimulation following prasugrel therapy,
tirofiban therapy administered as bolus only or bolus fol-
lowed by 2-h infusion, or both treatments given simultane-
ously. Importantly, at variance with previous studies assess-
ing the pharmacokinetics and pharmacodynamics of
prasugrel (6,14,15), we focused on STEMI patients under-
going primary PCI.

The results of our study can be summarized as follows:

1. The degree of early platelet inhibition achieved after a
60-mg loading dose of prasugrel is suboptimal at least for
the first 2 h in STEMI patients undergoing primary PCI.

2. The administration of tirofiban, given as a high-dose
bolus only, leads to a high degree of platelet inhibition
for at least 1 h on top of either a clopidogrel or
prasugrel loading dose. A 2-h post-bolus tirofiban
infusion achieves a sustained degree of platelet inhi-
bition for up to 6 h post-bolus.

3. The administration of high-dose bolus tirofiban and
concomitant prasugrel bridges the first hours in which
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Figure 2. Kinetics of Platelet Inhibition Over Time After 20 !mol/l ADP

(A) Primary endpoint analysis; percentage of platelet inhibition (%IPA) after 20 !mol/l adenosine diphosphate (ADP) 30 min after start of the treatment. CV
denotes the %IPA coefficient of variability, which has been calculated as the SD divided by the mean value. The horizontal bars in the scatter plot graph
denote mean values; (B) %IPA in the tirofiban group versus prasugrel alone; (C) %IPA in patients treated with both tirofiban bolus with or without infusion ver-
sus the prasugrel-alone group; (D) %IPA in patients treated with tirofiban, with or without infusion and with or without prasugrel or clopidogrel.
*p " 0.05 versus %IPA measured in the prasugrel-alone group at post hoc analysis. Vertical bars represent SD of the mean value.
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Quid des antiagrégants plaquettaires 
per os dans le pré-traitement? 



CIPAMI: Pas de bénéfice au pré-traitement par 
Clopidogrel 

Zeymer U, et al. Clin Res Cardiol 2012;101:305–312. 



PCI-CLARITY: Primary efficacy endpoint 
at 30 days post-PCI 

CI, confidence interval; CV, cardiovascular; MI, myocardial infarction; OR, odds ratio; 
PCI, percutaneous coronary intervention; STE-ACS, ST-segment elevation acute coronary syndromes.  

Sabatine MS, et al. JAMA 2005;294:1224–1232. 



PCI-CLARITY: Bleeding at 30 days  
post-PCI 

Bleeding 
definition 

No pretreatment 
(n=923) 

Clopidogrel 
pretreatment 

(n=918) 
p 

value 
Major or minor 2.0% 1.9% >0.99 

Major 0.5% 1.1% 0.21 

Minor 1.4% 0.8% 0.26 

PCI, percutaneous coronary intervention; STE-ACS, ST-segment elevation acute coronary syndromes.  
Sabatine MS, et al. JAMA 2005;294:1224–1232. 

Bénéfice d'une administration précoce de Clopidogrel, sans 
excès de saignements chez les patients bénéficiant d’une 
angioplastie après une fibrinolyse intra-veineuse 
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Méta-analyse 
•  26 études randomisées. 
•  8429 patients dont 4114 patients pré-traités 
 

because patients with STEMI may have enhanced platelet
reactivity, they may require more aggressive platelet
inhibition. In addition, several studies have demonstrated a
faster onset of platelet inhibition and increased clinical
effect of a 600-mg compared with a 300-mg loading
dose.5,39,41

The clinical effect of pretreatment with clopidogrel has
been investigated only in the context of elective patients,
acute coronary syndromes, and thrombolytic studies. In
elective patients, pretreatment with clopidogrel before stent-
ing reduced the incidence of acute thrombotic complications
and improved clinical outcome.42–44 In the context of acute
coronary syndromes, the Percutaneous Intervention in the
Clopidogrel in Unstable angina to prevent Recurrent Events
(PCI-CURE) study demonstrated that pretreatment with a
300-mg loading dose of clopidogrel (given for a median of 6
days before PCI) significantly reduced the incidence of major
adverse cardiovascular events.45 In addition, a substudy of
this trial indicated that the benefit of pretreatment with
clopidogrel was independent of the timing of PCI. The lowest
absolute event rate was seen in patients treated within 48
hours before PCI.46 In patients treated with thrombolysis for
STEMI, additional administration of a 300-mg loading dose
of clopidogrel resulted in a higher patency rate of the
infarct-related artery and reduced the incidence of ischemic
complications.40

At the present time, no randomized controlled data are
available with regard to the impact of pretreatment with
clopidogrel before PCI in patients with STEMI. Our system-
atic review found a higher initial patency rate and improved
clinical outcome in treatment groups that received pretreat-
ment with clopidogrel. With an overall sample size of 8429
patients, our review has adequate power for initial patency,
mortality, and death/reinfarction. In addition, the clinical
benefits of pretreatment with clopidogrel outweigh the in-
creased risk of perioperative blood loss in the subset of
patients who are referred to cardiac surgery.47

Study Limitations
This systematic review compared treatment groups of
studies in which patients received pretreatment with clo-
pidogrel with those in which patients did not and therefore
is not a substitute for pooled analyses of individual patient
data or a meta-analysis of randomized controlled trials. In
addition, the inclusion of studies with different trial
designs, PCI strategies (balloon angioplasty, stenting,
excimer laser, thrombus aspiration), and pharmacological
therapies during and after PCI (glycoprotein IIb/IIIa inhib-
itors, !-blockers, angiotensin-converting enzyme inhibi-
tors) could have induced heterogeneity in our results. The
results and conclusions of this analysis should be inter-
preted with these limitations in mind. However, we have
carried out extensive analyses to assess the robustness of
our findings. In these analyses, clopidogrel pretreatment
was consistently associated with higher rates of TIMI
grade 2/3 flow, lower mortality, and lower death/reinfarc-
tion rates. Another limitation was that multivariate analy-
sis was possible for only a limited number of variables.
Thus, the influence of some relevant variables such as
symptom-to-balloon and symptom-to-drug times could not
be analyzed. In addition, data on major bleeding were
available in only a limited number of subgroups.

Conclusions
Initial patency and clinical outcome were improved in treat-
ment groups that received pretreatment with clopidogrel.
These results in patients undergoing primary PCI are in line
with the experience of pretreatment with clopidogrel in

Table 3. Effect of Pretreatment With Clopidogrel on Early
Reperfusion and Adverse Event Rates in Univariate-Weighted
Logistic Regression Analysis

Unadjusted Treatment Effect

OR 95% CI P

TIMI grade 2/3 flow 1.53 1.39–1.68 !0.0001

Mortality 0.52 0.41–0.67 !0.0001

Death/reinfarction 0.50 0.40–0.62 !0.0001

OR is for the occurrence of TIMI grade 2/3 flow, mortality, and death/
reinfarction for pretreatment with clopidogrel.

Figure 2. Forrest-tree plot of primary end point. Percentages of
TIMI grade 2/3 flow with corresponding 95% CIs for single pro-
portions are shown for each treatment group separately and for
all groups combined. pPCI indicates primary PCI; DES, drug-
eluting stent; BMS, bare metal stent; and GPI, glycoprotein
IIb/IIIa inhibitor.
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Usefulness of Pretreatment With High-Dose Clopidogrel in Patients
Undergoing Primary Angioplasty for ST-Elevation Myocardial

Infarction

Paul Fefer, MDa,*, Hanoch Hod, MDb, Haim Hammerman, MDc, Amit Segev, MDb,
Roy Beinart, MDb, Valentina Boyko, MScd, Shlomo Behar, MDd, and Shlomi Matetzky, MDb

We evaluated the effect and optimal dose of clopidogrel pretreatment in patients with
ST-elevation myocardial infarction undergoing primary percutaneous coronary interven-
tion (PPCI). The study included 383 consecutive patients with ST-elevation myocardial
infarction who had undergone PPCI and were prospectively followed up for a prespecified
primary end point of recurrent acute coronary syndrome, stent thrombosis, congestive
heart failure, and/or death at 30 days. Of these patients, 217 (57%) received clopidogrel
loading before and 166 (43%) after PPCI. A similar number received low (300 mg) and high
(600 mg) clopidogrel doses before and after PPCI. Clopidogrel loading before, compared
with after, PPCI was associated with a lower incidence of the primary end point (21.7% vs
33.7%, p ! 0.008). Clopidogrel pretreatment remained a significant predictor of the
primary outcome after adjusting for potential confounders (odds ratio 0.54, 95% confidence
interval 0.42 to 0.91). When patients were further stratified into 4 groups according to the
timing and dosage of clopidogrel loading, the incidence of the primary outcome was 16%
and 27% in those receiving 600 and 300 mg before and 28% and 39% in those receiving 600
and 300 mg after PPCI, respectively (p for trend <0.01). In conclusion, both the timing and
the dosage of clopidogrel loading are important and affect the outcome in patients with
ST-elevation myocardial infarction undergoing PPCI. © 2009 Elsevier Inc. All rights
reserved. (Am J Cardiol 2009;104:514–518)

Only 2 large randomized studies have evaluated the role
of clopidogrel in the setting of ST-elevation myocardial
infarction (STEMI). The ClOpidogrel and Metoprolol in
Myocardial Infarction Trial/Second Chinese Cardiac Study
(COMMIT/CCS)1 found a significant reduction in the 30-
day mortality rates in patients with STEMI randomized to
daily treatment with clopidogrel without a loading dose, but
none were treated with primary percutaneous coronary
intervention (PPCI). The PCI-Clopidogrel as Adjunctive
Reperfusion Therapy (PCI-CLARITY) study2 demonstrated
the benefit of pretreating patients with STEMI who under-
went protocol-mandated angiography after thrombolysis,
such that clopidogrel pretreatment at a median of 3 days
before PCI reduced the incidence of ischemic complications
before and after PCI. A previous small retrospective anal-
ysis3 and a recently published systemic review of the pub-
lished data4 suggested that clopidogrel pretreatment, in pa-
tients undergoing PPCI for STEMI, is associated with better
angiographic and clinical outcomes. However, no studies

have evaluated the effect of clopidogrel pretreatment, to-
gether with the optimal dose, in patients with STEMI un-
dergoing PPCI. The purpose of the present study was to
evaluate whether pretreatment with clopidogrel confers a
clinical benefit to patients with STEMI undergoing PPCI.

Methods

Patients were derived from the Acute Coronary Syn-
drome (ACS) Israeli Survey (ACSIS 2006), a nationwide
survey conducted during February and March 2006 in all 25
coronary cardiac units and cardiology wards operating in
Israel. The demographic, historical, and clinical data were
recorded on prespecified forms for all patients admitted with
a diagnosis of ACS. Patients were treated at the discretion of
each center. The timing and dosage of clopidogrel loading
were at the discretion of the treating physician and docu-
mented on the prespecified forms. All patients were either
seen or interviewed by telephone at 30 days. Mortality at 30
days was determined for all participants from the hospital
charts and by matching the identification numbers of the
patients with the National Population Registry. Of the 2,077
patients with ACS recruited during the study period, 881
presented with STEMI and 710 were eligible for reperfusion
therapy, of whom 416 (59%) underwent PPCI as the pri-
mary reperfusion strategy. Thirteen patients (3%) present-
ing with Killip class IV were excluded from the analysis
because of the low likelihood of oral medication adminis-
tration in the setting of cardiogenic shock. Additional ex-
clusions included 8 patients (2%) already receiving chronic
clopidogrel treatment and 12 patients (3%) for whom the
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in-hospital clopidogrel loading dose was unknown. Thus,
383 consecutive clopidogrel-naive patients with STEMI
who had undergone PPCI constituted the present study
cohort. The diagnosis of STEMI was determined by the
presence of ST-elevation !1 mm in !2 contiguous leads,
typical anginal-type discomfort, and an increase in serum
biomarkers (cardiac-specific troponins and/or CK-MB).

Statistical analysis was performed using Statistical Anal-
ysis Systems software, version 8.2 (SAS Institute, Cary,
North Carolina). Continuous variables are presented as the
mean ! SD or median and interquartile range, and categor-
ical variables are expressed as percentages. Continuous

variables were compared using Student’s t test if the data
followed a normal distribution and Wilcoxon’s rank sum
test if the data were skewed. Categorical variables were
compared using the chi-square test or Fisher’s exact test,
when indicated. All tests were 2-sided, and p "0.05 was
considered statistically significant. The potential selection
bias was accounted for by developing a propensity score for
pretreatment with clopidogrel. A propensity score was cal-
culated by logistic regression analysis and included the
following variables: age (continuous), gender, hypertension,
diabetes mellitus, dyslipidemia, family history of coronary
artery disease, current or past smoking, previous stroke,
congestive heart failure (CHF), peripheral vascular disease
or ACS, previous PCI or coronary artery bypass grafting,
antecedent angina, chronic renal failure, mode of transpor-
tation (mobile intensive cardiac care unit vs other), interval

Figure 1. Comparison of primary composite end point (death, recurrent
ACS, stent thrombosis, and/or CHF) at 30 days between patients who
received clopidogrel loading before and after PPCI. *Adjustment for age,
gender, diabetes mellitus, previous myocardial infarction, Killip class, use
of GPIIb/IIIa antagonists, interval from symptom onset to admission,
door-to-balloon time, multivessel coronary disease, and propensity score.

Table 1
Baseline characteristics

Variable Clopidogrel Loading p Value

Before PPCI
(n # 217)

After PPCI
(n # 166)

Age (years) 59 ! 13 62 ! 13 0.06
Women 29 (13%) 37 (22%) 0.02
Diabetes mellitus 49 (22%) 39 (23%) 0.8
Hypertension 101 (46%) 68 (41%) 0.3
Dyslipidemia 115 (53%) 90 (54%) 0.8
Smokers 99 (46%) 85 (52%) 0.2
Body mass index (kg/m2) 27 ! 5 28 ! 4 0.6
Previous myocardial infarction 28 (13%) 31 (19%) 0.12
Previous PCI/CABG 39 (18%) 28 (17%) 0.8
Previous TIA/CVA 11 (5%) 11 (7%) 0.5
Long-term medical therapy
Previous aspirin 72 (34%) 56 (34%) 0.8
Previous ACE/ARB 57 (26%) 34 (21%) 0.2
Previous " blockers 49 (23%) 28 (17%) 0.2
Previous statins 57 (26%) 50 (30%) 0.4

Data are presented as mean ! SD or numbers (%).
ACE # angiotensin-converting enzyme; ARB # angiotensin receptor

blocker; CABG # coronary artery bypass grafting; CVA # cerebrovas-
cular accident; TIA # transient ischemic attack.

Table 2
Initial clinical, angiographic features and concomitant medication

Variable Clopidogrel Loading p Value

Before PPCI
(n # 217)

After PPCI
(n # 166)

Anterior wall infarct 119 (55%) 93 (56%) 0.8
Admission heart rate (beats/min) 79 ! 19 78 ! 22 0.8
Killip class !2 29 (14%) 26 (16%) 0.8
Pain to admission time (min) 110 (71, 213) 127 (75, 277) 0.2
Door-to-balloon time (min) 69 (44, 109) 74 (40, 106) 0.2
Multivessel coronary disease 127 (59%) 98 (60%) 0.9
GPIIb/IIIa antagonist use 152 (70%) 112 (67%) 0.6
Bivalirudin use 19 (9%) 14 (8%) 0.9
Stent use 201 (93%) 157 (95%) 0.4
Concomitant medical therapy

ACE/ARB 181 (85%) 130 (80%) 0.2
" blockers 181 (85%) 139 (85%) 0.96
Statins 207 (96%) 159 (96%) 0.98
Diuretics 39 (18%) 58 (36%) 0.0001

Data presented as mean ! SD, numbers (%), or median (interquartile
range).

Abbreviations as in Table 1.

Table 3
In-hospital and 30-day clinical outcomes

Clinical Outcome Clopidogrel Loading p Value

Before PPCI
(n # 217)

After PPCI
(n # 166)

In-hospital
Mortality 8 (4%) 4 (2%) 0.94
Mild-to-moderate CHF 22 (10%) 30 (18%) 0.02
Pulmonary edema 15 (7%) 21 (13%) 0.05
High-degree atrioventricular block 6 (3%) 15 (9%) 0.008
Major bleeding 3 (1%) 1 (1%) 0.46

At 30 days
Mortality 12 (6%) 6 (4%) 0.38
Recurrent ACS 18 (8%) 19 (11%) 0.30
Stent thrombosis 5 (2%) 11 (7%) 0.04
Heart failure 36 (17%) 46 (28%) 0.009

Primary composite end point 47 (22%) 56 (34%) 0.008
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in-hospital clopidogrel loading dose was unknown. Thus,
383 consecutive clopidogrel-naive patients with STEMI
who had undergone PPCI constituted the present study
cohort. The diagnosis of STEMI was determined by the
presence of ST-elevation !1 mm in !2 contiguous leads,
typical anginal-type discomfort, and an increase in serum
biomarkers (cardiac-specific troponins and/or CK-MB).

Statistical analysis was performed using Statistical Anal-
ysis Systems software, version 8.2 (SAS Institute, Cary,
North Carolina). Continuous variables are presented as the
mean ! SD or median and interquartile range, and categor-
ical variables are expressed as percentages. Continuous

variables were compared using Student’s t test if the data
followed a normal distribution and Wilcoxon’s rank sum
test if the data were skewed. Categorical variables were
compared using the chi-square test or Fisher’s exact test,
when indicated. All tests were 2-sided, and p "0.05 was
considered statistically significant. The potential selection
bias was accounted for by developing a propensity score for
pretreatment with clopidogrel. A propensity score was cal-
culated by logistic regression analysis and included the
following variables: age (continuous), gender, hypertension,
diabetes mellitus, dyslipidemia, family history of coronary
artery disease, current or past smoking, previous stroke,
congestive heart failure (CHF), peripheral vascular disease
or ACS, previous PCI or coronary artery bypass grafting,
antecedent angina, chronic renal failure, mode of transpor-
tation (mobile intensive cardiac care unit vs other), interval

Figure 1. Comparison of primary composite end point (death, recurrent
ACS, stent thrombosis, and/or CHF) at 30 days between patients who
received clopidogrel loading before and after PPCI. *Adjustment for age,
gender, diabetes mellitus, previous myocardial infarction, Killip class, use
of GPIIb/IIIa antagonists, interval from symptom onset to admission,
door-to-balloon time, multivessel coronary disease, and propensity score.
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Clopidogrel pre-treatment is associated
with reduced in-hospital mortality in primary
percutaneous coronary intervention for acute
ST-elevation myocardial infarction
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Aims Pre-treatment with clopidogrel results in a reduction of ischaemic events in non-ST-elevation acute coronary
syndromes. Data on upstream clopidogrel in the setting of primary percutaneous coronary intervention (PCI) are
limited. The aim of this study was to investigate whether clopidogrel loading before arrival at the PCI centre may
result in an improved outcome of primary PCI for ST-elevation myocardial infarction (STEMI).

Methods
and results

In a multicentre registry of acute PCI, 5955 patients undergoing primary PCI in Austria between January 2005 and
December 2009 were prospectively enrolled. The patients consisted of two groups, a clopidogrel pre-treatment
group (n ¼ 1635 patients) receiving clopidogrel before arrival at the PCI centre and a peri-interventional clopidogrel
group (n ¼ 4320 patients) receiving clopidogrel at a later stage. Multiple logistic regression analysis including major
confounding factors stratified by the participating centres was applied to investigate the effect of pre-treatment
with clopidogrel on the in-hospital mortality. Additionally, two subgroups, with or without the use of GP IIb/IIIa antag-
onist therapy in the catheterization laboratory, were analysed. On univariate analysis, clopidogrel pre-treatment was
associated with a reduced in-hospital mortality (3.4 vs. 6.1%, P , 0.01) after primary PCI. On multivariate analysis,
clopidogrel pre-treatment remained an independent predictor of in-hospital mortality [odds ratio (OR) ¼ 0.60,
95% confidence interval (CI) 0.35–0.99; P ¼ 0.048], especially in patients receiving additional GP IIb/IIIa antagonist
therapy in the catheterization laboratory (OR ¼ 0.40, 95% CI 0.19–0.83; P ¼ 0.01).

Conclusion Clopidogrel pre-treatment before arrival at the PCI centre is associated with reduced mortality in a real world setting
of primary PCI. These results strongly support the recommendation of clopidogrel treatment ‘as soon as possible’ in
patients with STEMI undergoing pimary PCI.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Primary PCI † ST-elevation myocardial infarction † Clopidogrel † Pre-treatment

* Corresponding author. Tel: +43 1 71165 2207, Fax: +43 1 71165 2209, Email: franz.weidinger@wienkav.at

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2011. For permissions please email: journals.permissions@oup.com

European Heart Journal (2011) 32, 2954–2961
doi:10.1093/eurheartj/ehr360

 by guest on M
ay 26, 2014

http://eurheartj.oxfordjournals.org/
D

ow
nloaded from

 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CLINICAL RESEARCH

Clopidogrel pre-treatment is associated
with reduced in-hospital mortality in primary
percutaneous coronary intervention for acute
ST-elevation myocardial infarction
Jakob Dörler1, Michael Edlinger2, Hannes F. Alber1, Johann Altenberger3,
Werner Benzer4, Georg Grimm5, Kurt Huber6, Otmar Pachinger1,
Herwig Schuchlenz7, Peter Siostrzonek8, Gerald Zenker9, and Franz Weidinger10*,
for the Austrian Acute PCI Investigators
1Department of Internal Medicine 3, Cardiology, Innsbruck Medical University, Innsbruck, Austria; 2Department of Medical Statistics, Informatics and Health Economics, Innsbruck
Medical University, Innsbruck, Austria; 3Department of Internal Medicine 2, Cardiology, Paracelsus Medical University Salzburg, Salzburg, Austria; 4Department of Interventional
Cardiology, LKH Feldkirch, Feldkirch, Austria; 52nd Medical Department, LKH Klagenfurt, Feldkirch, Austria; 63rd Department of Internal Medicine, Cardiology and Emergency
Medicine, Wilhelminenhospital, Vienna, Austria; 7Department of Cardiology and Intensive Care Medicine, LKH Graz-West, Graz, Austria; 8Department of Internal Medicine/
Cardiology, Krankenhaus Barmherzige Schwestern, Linz, Austria; 9Department of Internal Medicine, LKH Bruck, Bruck, Austria; and 102nd Medical Department, Hospital
Rudolfstiftung, Juchgasse 25, Vienna A-1030, Austria

Received 8 May 2011; revised 8 August 2011; accepted 19 August 2011; online publish-ahead-of-print 14 September 2011

Aims Pre-treatment with clopidogrel results in a reduction of ischaemic events in non-ST-elevation acute coronary
syndromes. Data on upstream clopidogrel in the setting of primary percutaneous coronary intervention (PCI) are
limited. The aim of this study was to investigate whether clopidogrel loading before arrival at the PCI centre may
result in an improved outcome of primary PCI for ST-elevation myocardial infarction (STEMI).

Methods
and results

In a multicentre registry of acute PCI, 5955 patients undergoing primary PCI in Austria between January 2005 and
December 2009 were prospectively enrolled. The patients consisted of two groups, a clopidogrel pre-treatment
group (n ¼ 1635 patients) receiving clopidogrel before arrival at the PCI centre and a peri-interventional clopidogrel
group (n ¼ 4320 patients) receiving clopidogrel at a later stage. Multiple logistic regression analysis including major
confounding factors stratified by the participating centres was applied to investigate the effect of pre-treatment
with clopidogrel on the in-hospital mortality. Additionally, two subgroups, with or without the use of GP IIb/IIIa antag-
onist therapy in the catheterization laboratory, were analysed. On univariate analysis, clopidogrel pre-treatment was
associated with a reduced in-hospital mortality (3.4 vs. 6.1%, P , 0.01) after primary PCI. On multivariate analysis,
clopidogrel pre-treatment remained an independent predictor of in-hospital mortality [odds ratio (OR) ¼ 0.60,
95% confidence interval (CI) 0.35–0.99; P ¼ 0.048], especially in patients receiving additional GP IIb/IIIa antagonist
therapy in the catheterization laboratory (OR ¼ 0.40, 95% CI 0.19–0.83; P ¼ 0.01).

Conclusion Clopidogrel pre-treatment before arrival at the PCI centre is associated with reduced mortality in a real world setting
of primary PCI. These results strongly support the recommendation of clopidogrel treatment ‘as soon as possible’ in
patients with STEMI undergoing pimary PCI.
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Registre autrichien de 2005 a 2009 
5955 patients  
Prétraitement: 1635 patients 

PCI centre to the catheterization laboratory [15 (3–39) min vs. 35
(15–62) min; P , 0.01] and the total ischaemic time [3.4 (2.4–5.6)
h vs. 3.8 (2.5–6.7) h; P , 0.01] were shorter in the pre-treatment
group. Concerning the mode of admission, the rate of secondary
transfer was higher in the pre-treatment group (42 vs. 27%; P ,

0.01). Consequently, the rate of primary transfer was higher in
the peri-interventional treatment group (55 vs. 58%; P ¼ 0.04).
The rate of self-admission and in-hospital referral was higher in
the peri-interventional treatment group (3 vs. 15%;
P , 0.01).

In-hospital outcome
Patients who received clopidogrel pre-treatment had an overall
mortality of 3.4% compared with 6.1% in patients who received

peri-interventional clopidogrel (P , 0.01). In addition, re-infarction
rates (0.6 vs. 1.4%; P ¼ 0.02) as well as ischaemic stroke (0.7 vs.
1.4%, P ¼ 0.05) were also lower in the pre-treatment group,
whereas bleeding rates (1.0 vs. 1.0%, P ¼ 0.90) and the rate of a
second elective revascularization (4.4 vs. 4.6%; P ¼ 0.85) pro-
cedure were similar in both groups. Trend analysis according to
the timing of clopidogrel treatment (pre-treatment, intermediate,
or late) showed stepwise increased rates of mortality, re-infarction,
and stroke (Table 3).

Multiple logistic regression analysis, stratified by PCI centre, was
performed to compare clopidogrel pre-treatment and peri-
interventional treatment and included the major confounders
shock, resuscitation, previous myocardial infarction, year of inter-
vention (2008–2009 and 2005–2007) gender, age, diabetes
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Table 2 Peri-interventional characteristics and treatment

Clopidogrel P-value

Pre-treatment, n 5 1635 Peri-interventional, n 5 4320

TIMI flow

Before procedure 0-I 75.2% (n ¼ 1147) 72.5% (n ¼ 2877) 0.10

II 16.6% (n ¼ 254) 17.7% (n ¼ 703)

III 8.2% (n ¼ 125) 9.8% (n ¼ 387)

After procedure 0-I 4.9% (n ¼ 74) 5.7% (n ¼ 221) 0.01

II 4.7% (n ¼ 71) 6.7% (n ¼ 258)

III 89.7% (n ¼ 1344) 86.6% (n ¼ 3340)

No reflow 0.6% (n ¼ 9) 1.0% (n ¼ 39)

Angiographic success 94.5% (n ¼ 1415) 93.3% (n ¼ 3598) 0.12

Interventional treatment

PCI with bare metal stent 51.8% (n ¼ 837) 56.6% (n ¼ 2433) ,0.01

PCI with drug eluting stent 30.4% (n ¼ 492) 24.5% (n ¼ 1052)

PCI without stent 7.5% (n ¼ 121) 5.4% (n ¼ 234)

Conservative/CABG 10.3% (n ¼ 167) 13.5% (n ¼ 579)

Peri-interventional antithrombotic therapy

GP IIb/IIIa antagonists 54.2% (n ¼ 879) 52.2% (n ¼ 2203) 0.18

Bivalirudin 3.2% (n ¼ 52) 3.7% (n ¼ 153) 0.43

Thrombus aspiration 11.5% (n ¼ 186) 9.7% (n ¼ 402) 0.04

Data are presented as percentages with corresponding numbers in brackets.
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Table 3 In-hospital outcome in primary percutaneous coronary intervention according to clopidogrel treatment
timing

Clopidogrel Ptrend

Pre-treatment, n 5 1635 Intermediate, n 5 3244 Late, n 5 1076

Mortality 3.4% (n ¼ 55) 4.7% (n ¼ 154) 10.2% (n ¼ 110) ,0.01

Re-infarction 0.6% (n ¼ 10) 1.2% (n ¼ 39) 2.1% (n ¼ 22) ,0.01

Major bleeding 1.0% (n ¼ 16) 0.8% (n ¼ 26) 1.5% (n ¼ 15) 0.39

Second revascularization 4.4% (n ¼ 72) 4.7% (n ¼ 150) 4.2% (n ¼ 41) 0.89

Stroke 0.7% (n ¼ 12) 1.1% (n ¼ 35) 2.4% (n ¼ 25) ,0.01

Data are presented as percentages with corresponding numbers in brackets.
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Aims Immediate treatment with a loading dose of clopidogrel at diagnosis of ST-segment elevation myocardial infarction
(STEMI) is recommended by ESC/AHA/ACC guidelines in patients eligible for primary percutaneous coronary inter-
vention (PCI). However, the evidence for this practice is scarce.

Methods
and results

All patients who underwent PCI for STEMI in Sweden between 2003 and 2008 were identified from the national
Swedish Coronary Angiography and Angioplasty Registry (SCAAR). Patients with concomitant warfarin treatment
and patients not having received aspirin upstream were excluded, leaving 13 847 patients for the analysis. Groups
were compared for death and myocardial infarction (MI) during 1-year of follow-up using Cox regression models
with adjustment for differences in baseline characteristics by propensity score methods. The combined primary end-
point of death or MI during 1-year follow-up occurred in 1325 of 9813 patients with upstream clopidogrel and in 364
out of 4034 patients without upstream treatment. After propensity score adjustment, a significant relative risk
reduction (HR 0.82, 95% CI 0.73–0.93) in death/MI at 1 year was observed. The secondary endpoint of total 1-
year death was significantly reduced (HR 0.76, 95% CI: 0.64–0.90), while the incidence of 1-year MI did not show
any significant reduction (HR 0.90, 95% CI 0.77–1.06). Similar results were observed in multivariate analysis on
top of propensity scoring and in sensitivity analyses excluding patients without clopidogrel and aspirin at discharge.

Conclusion This large observational study suggests that upstream clopidogrel treatment prior to arrival at the catheterization lab
is associated with a reduction in the combined risk of death or MI as well as death alone in patients with STEMI
treated with primary PCI.
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Introduction
Clopidogrel treatment constitutes a cornerstone therapy for acute
coronary syndromes. As shown in the Clopidogrel in Unstable
Angina to Prevent Recurrent Events (CURE) trial the treatment
benefit extends to both conservatively as well as percutaneous cor-
onary intervention (PCI)-treated patients with non-ST-elevation
myocardial infarction (NSTEMI).1 The role of clopidogrel in

myocardial infarction with ST-segment elevation (STEMI) was early
addressed in the COMMIT trial with an observed beneficiary
effect. However, the primary method of reperfusion therapy was
thrombolysis and only 54% of the patients underwent active revascu-
larization.2 Other published trials further support the role of clopi-
dogrel in STEMI patients undergoing fibrinolytic therapy.3,4 The
role of clopidogrel in STEMI patients undergoing primary PCI and
especially the effects of upstream clopidogrel treatment (prior to
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9757 patients (93.8%) were prescribed clopidogrel at discharge.
The rates of aspirin at discharge were 93.1 and 95.4% in the non-
upstream and upstream groups, respectively. To assess the impact
of these differences, a Cox regression model excluding patients
not on dual anti-platelet therapy at discharge was fitted. Results
showed a continued significant 1-year relative risk reduction in
the combined composite endpoint of death/MI (HR 0.86, 95% CI
0.75–0.99) as well as total mortality (HR 0.76, 95% CI 0.61–
0.95) for the clopidogrel upstream group. No significant relative
risk reduction for MI was shown (HR 0.93, 95% CI 0.78–1.11).
Results remained unchanged after additional multivariate analysis
on top of propensity scoring.

Data regarding medicines dispensed were obtained from the
Swedish Pharmaceutical registry, but only information from the
latter half of 2005 through 2008 were available. However, when
analysing available data, out of all patients being discharged from
hospital with clopidogrel, 4.4% of patients in the non-upstream
group, and 2.8% of patients in the upstream group did not
collect any clopidogrel from any pharmacy. All other patients
had at least one expedition of clopidogrel and since the smallest
available package in Sweden consists of 28 tablets, the above-
mentioned percentages represent a crude 1-month discontinu-
ation rate. The continued discontinuation rate is difficult to ascer-
tain despite knowing amount of expeditions of clopidogrel, since

Figure 1 Propensity score-adjusted incidence of (A) composite endpoint of death/myocardial infarction (B) mortality, and (C) myocardial
infarction at 1 year.
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Prétraitement par Clopidogrel 
•  Les études randomisées, les registres, les méta-analyses 

 ! en faveur du Clopidogrel dans le prétraitement dans 
l’IDM 

• Peut-on extrapoler ces données aux autres antiagrégants 
plaquettaires? 

NON pour le PRASUGREL 
 
OUI jusqu’à preuve du contraire pour le TICAGRELOR 



Study Flow Chart: ATLANTIC 
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Conclusion. 
•  Les études de prétraitement sont plus en faveur  qu’en 

défaveur 
•  Il y a un bénéfice sur les évènements ischémiques, 

d’autant plus que les patients présentent un SCA  a haut 
risque. 

•  Il est difficile à ce jour de parler d’effet de classe sur le 
pré-traitement par les AAP. 

•  Il faut attendre les résultats des études en cours pour 
peut-être se prononcer plus clairement… 



Merci … 


