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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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Clopidogrel does not become bio-
logically and clinically effective until sev-
eral hours after administration.1,2 Although 

a loading dose of clopidogrel is required in pa-
tients undergoing percutaneous coronary inter-
vention (PCI), it is uncertain whether pretreatment 
with clopidogrel (with treatment given early 
enough before catheterization to be effective) is 
efficient when the coronary-artery anatomy in a 
patient with a non–ST-segment elevation (NSTE) 
acute coronary syndrome is not known. Pretreat-
ment can delay a coronary-artery bypass grafting 
(CABG) procedure or increase unnecessarily the 
risk of bleeding in patients who do not need to 
undergo PCI. Two randomized studies, one in-
volving patients with NSTE acute coronary syn-
dromes and one involving patients undergoing 
elective PCI, suggested that pretreatment with 
clopidogrel could reduce the rate of ischemic 
events at the cost of an increase in the rate of 
major bleeding.3,4 On the basis of those studies, 
current guidelines from the European Society of 
Cardiology and the American College of Cardi-
ology Foundation–American Heart Association 
give a class I recommendation for pretreatment 
in patients with NSTE acute coronary syndromes 
who are scheduled to undergo an invasive proce-
dure.5,6 More recent observational studies and a 
meta-analysis have challenged the benefit of 
routine pretreatment with clopidogrel in patients 
with NSTE acute coronary syndromes.7-9

Prasugrel and ticagrelor are more potent and 
have a more rapid onset of action than clopido-
grel.10-13 These drugs were shown to be more 
effective than clopidogrel in patients with acute 
coronary syndromes but were associated with an 
increase in bleeding complications.14,15 Pretreat-
ment was given before catheterization in one of 
the studies,15 whereas in the other study, P2Y12-
receptor antagonists were started after the coro-
nary angiography was performed and the indica-
tion of PCI was confirmed.14 We designed the 
Comparison of Prasugrel at the Time of Percuta-
neous Coronary Intervention (PCI) or as Pre-
treatment at the Time of Diagnosis in Patients 
with Non-ST Elevation Myocardial Infarction 
(ACCOAST) trial to compare systematic pretreat-
ment with prasugrel at the time of diagnosis of 
an NSTE acute coronary syndrome with prasu-
grel treatment given selectively after the angiog-

raphy to patients undergoing PCI. Pretreatment 
was restricted to a maximum of 48 hours before 
coronary angiography, reflecting contemporary 
practice.16-19

Me thods

Study Oversight

The ACCOAST trial was a phase 3, randomized, 
double-blind, event-driven study. We conducted 
the study at 171 centers in 19 countries (see the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org). The trial was 
sponsored by Daiichi Sankyo and Eli Lilly, and 
was led by the ACTION Study Group at the Insti-
tute of Cardiology of Pitié-Salpêtrière Hospital. 
The trial was approved by the national regulatory 
authorities in all participating countries and by 
the local review board at each participating site. 
All patients provided written informed consent.

Data were collected in a blinded fashion and 
were analyzed after the database was locked ac-
cording to the protocol and a predefined statisti-
cal analysis plan; the data were analyzed by a 
clinical research organization contracted by Eli 
Lilly. End points were adjudicated by an indepen-
dent end-point adjudication committee (see the 
Supplementary Appendix). The study chair (first 
author) had a copy of the database and prepared 
all drafts of the manuscript, and all the authors 
provided comments. All the authors made the 
decision to submit the manuscript for publication 
and assume responsibility for the accuracy and 
completeness of the data. The analyses that were 
performed conform with the study protocol, 
which is available at NEJM.org.

The executive steering committee (see the 
Supplementary Appendix) designed and oversaw 
the conduct of the trial. The trial was monitored 
by an independent data and safety monitoring 
committee. This committee met seven times dur-
ing the course of the trial at scheduled meetings. 
After the last scheduled meeting, the committee 
made a recommendation to stop enrollment, 
since pretreatment was associated with an in-
creased risk of major and life-threatening bleed-
ing with no reduction in cardiovascular events 
(but no between-group imbalance in mortality). 
Enrollment was suspended immediately, on No-
vember 16, 2012.
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Patients

Eligible patients were identified for inclusion af-
ter they received a diagnosis of an NSTE acute 
coronary syndrome and were found to have ele-
vated troponin levels. Randomization was to take 
place as soon as possible after the diagnosis was 
made and before the patients had received a load-
ing dose of clopidogrel or any dose of prasugrel or 
ticagrelor. Patients were to be scheduled to under-
go coronary angiography and PCI, if indicated, 
within 2 to 48 hours after randomization.20

Study Procedures

After the patients were admitted to a study site 
with a diagnosis of NSTE myocardial infarction, 
they were randomly assigned, in a 1:1 ratio, to re-
ceive pretreatment with prasugrel (pretreatment 
group) or matching placebo (control group). Pa-
tients in the pretreatment group received a 30-mg 
loading dose of prasugrel before coronary angi-
ography was performed; an additional 30 mg of 
prasugrel was given at the time of PCI if angiog-
raphy confirmed the indication for PCI. Patients 
in the control group received placebo before cor-
onary angiography was performed, and the ap-
proved 60-mg loading dose of prasugrel was 
given after angiography only in patients under-
going PCI. If the results of the angiography sug-
gested that CABG or medical treatment only 
would be a more appropriate treatment than PCI 
given the patient’s coronary anatomy, the patient 
did not receive the second loading dose (30 mg in 
the pretreatment group or 60 mg in the control 
group). The use of a thienopyridine drug in pa-
tients who were receiving medical treatment only 
or who were undergoing CABG was left to the 
discretion of the investigator. All patients were 
treated according to the standard of care at the 
time, which included the use of aspirin.

A pharmacodynamic substudy involving 23 
patients was performed to evaluate the effect of 
prasugrel on the inhibition of platelet aggrega-
tion relative to the time of administration. The 
primary analysis measure was P2Y12 Reaction 
Units (PRU), as assessed with the use of the 
VerifyNow P2Y12 test (Accumetrics).

Study End Points

The primary composite end point was the first 
occurrence of death from cardiovascular causes, 

myocardial infarction, stroke, urgent revascular-
ization, or the need for rescue therapy with gly-
coprotein IIb/IIIa inhibitors (glycoprotein IIb/IIIa 
bailout) through day 7 after randomization. Sec-
ondary efficacy end points included a composite 
of death from cardiovascular causes, myocardial 
infarction, or stroke; death from any cause; and 
stent thrombosis. Safety end points of major and 
minor bleeding according to Thrombolysis in 
Myocardial Infarction (TIMI) criteria were evalu-
ated for all bleeding episodes and according to 
whether the bleeding was related or not related 
to CABG. Bleeding complications were also adju-
dicated according to the Safety and Efficacy of 
Enoxaparin in Percutaneous Coronary Interven-
tion (PCI) Patients, an International Randomized 
Evaluation (STEEPLE) criteria and the Global 
Utilization of Streptokinase and Tissue Plasmin-
ogen Activator for Occluded Coronary Arteries 
(GUSTO) criteria.20

Statistical Analysis

The efficacy comparisons were performed on the 
basis of the time to the first event, according to 
the intention-to-treat principle. Safety analyses 
were performed on data from all patients who 
received at least one dose of a study drug. The 
primary efficacy analysis was performed on the 
basis of the time from randomization to the first 
occurrence of a primary composite end-point 
event, with the use of a two-sided log-rank test. 
Time-to-event analyses for efficacy and safety 
end points were performed through day 7 and 
through day 30 after randomization. Rates are 
expressed as Kaplan–Meier estimates; hazard-
ratio estimates and 95% confidence intervals 
were obtained from a Cox proportional-hazards 
model, and two-sided P values were calculated 
with the use of a log-rank test. For efficacy and 
safety comparisons, P values of less than 0.05 
were considered to indicate statistical signifi-
cance. Homogeneity of treatment effects across 
subgroups for safety and efficacy end points 
were assessed with the use of a Cox proportional-
hazards model with terms for treatment, sub-
group, and the interaction of treatment with sub-
group. For interaction analyses, P values of less 
than 0.10 were considered to indicate statistical 
significance.

We calculated that 400 patients would have to 
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Table 1. Baseline Characteristics of the Total Study Population.*

Characteristic
Pretreatment

(N = 2037)
No Pretreatment

(N = 1996)

Mean age — yr 63.8 63.6

Female sex — no. (%) 552 (27.1) 558 (28.0)

Mean weight — kg† 81.7 81.5

BMI ≥30 — no. (%)‡ 591 (29.0) 562 (28.2)

Cardiovascular risk factors — no./total no. (%)

Diabetes mellitus 413/2037 (20.3) 407/1996 (20.4)

Hypercholesterolemia 914/2037 (44.9) 900/1996 (45.1)

Hypertension 1279/2037 (62.8) 1225/1996 (61.4)

Current smoker 693/2031 (34.1) 647/1992 (32.5)

GRACE score — no./total no. (%)§

<140 1503/1984 (75.8) 1526/1947 (78.4)

≥140 481/1984 (24.2) 421/1947 (21.6)

Median CRUSADE score¶ 34.0 34.0

Creatinine clearance ≤30 ml/min — no./total no. (%) 65/2016 (3.2) 46/1972 (2.3)

Access — no./total no. (%)

Femoral 1140/2013 (56.6) 1136/1981 (57.3)

Radial 869/2013 (43.2) 842/1981 (42.5)

Median intervals — hr‖

Symptom onset to first loading dose 14.6 15.2

First loading dose to start of coronary angiography 4.4 4.2

Concomitant medications through day 7 — no./total no. (%)

Aspirin 2000/2037 (98.2) 1957/1996 (98.0)

Antithrombin monotherapy

Unfractionated heparin 865/1323 (65.4) 835/1275 (65.5)

Low-molecular-weight heparin 385/1323 (29.1) 390/1275 (30.6)

Bivalirudin 11/1323 (0.8) 8/1275 (0.6)

Fondaparinux 62/1323 (4.7) 42/1275 (3.3)

Proton-pump inhibitor 1116/2037 (54.8) 1114/1996 (55.8)

Beta-blocker 1719/2037 (84.4) 1683/1996 (84.3)

Statin 1823/2037 (89.5) 1787/1996 (89.5)

Angiotensin-receptor blocker 279/2037 (13.7) 239/1996 (12.0)

Angiotensin-converting–enzyme inhibitor 1405/2037 (69.0) 1433/1996 (71.8)

Maintenance dose of clopidogrel** 45/2037 (2.2) 43/1996 (2.2)

* There were no significant differences between the groups in any of the characteristics listed.
† Data were available for 2036 patients in the pretreatment group and 1993 in the no-pretreatment (control) group.
‡ The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters.
§ The Global Registry of Acute Coronary Events (GRACE) risk scores range from 1 to 372, with higher scores indicating 

greater risk.
¶ The analysis of the CRUSADE (Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes 

with Early Implementation of the ACC/AHA Guidelines) bleeding score (which ranges from 1 to 100, with higher 
scores indicating a greater risk of bleeding) was a post hoc analysis. Data were available for 1899 patients in the pre-
treatment group and 1941 in the no-pretreatment group.

‖ Data for the time from symptom onset to first loading dose were available for 2036 patients in the pretreatment 
group and 1996 in the no-pretreatment group; data for the time from first loading dose to start of coronary angiogra-
phy were available for 2017 patients in the pretreatment group and 1985 in the no-pretreatment group.

** According to the protocol, patients could be receiving a 75-mg maintenance dose of clopidogrel at the time of ran-
domization.
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have a primary efficacy end-point event for the 
study to have 80% power to detect a 24% reduc-
tion in relative risk with pretreatment as com-
pared with no pretreatment (control), and we es-
timated that approximately 4100 patients would 
need to be enrolled to reach that number of pa-
tients with events. Of 4033 patients who under-
went randomization, 398 patients had a primary 
efficacy end-point event.

R esult s

Study Patients

From December 6, 2009, through November 16, 
2012, we randomly assigned 4033 patients: 2037 
to pretreatment with prasugrel and 1996 to no 
pretreatment with prasugrel. The baseline char-
acteristics were balanced between the two groups 
(Table 1, and Table S1 in the Supplementary Ap-
pendix), including in the subgroups defined ac-
cording to whether the acute coronary syndrome 
was ultimately managed by means of PCI, CABG, 

or medical treatment alone. Three patients were 
lost to follow-up through day 30 (Fig. S1 in the 
Supplementary Appendix). PCI was performed in 
68.7% of the patients (2770 of 4033), at a median 
time of 4.3 hours after the initial loading dose. 
Through day 7, the strategy chosen was CABG in 
6.2% of the patients (249 of 4033) and medical 
management in 25.1% (1014 of 4033).

Clinical End Points

The incidence of the primary end point through 
day 7 after randomization did not differ signifi-
cantly between the group receiving pretreatment 
with prasugrel and the control group (10.0% and 
9.8%, respectively; P = 0.81) (Table 2 and Fig. 1). 
There was no significant between-group difference 
in any of the components of the primary end point, 
in total mortality, in the rate of stent thrombosis, 
or in prespecified composite secondary end 
points either at day 7 or at day 30 (Table 2, and 
Fig. S2 in the Supplementary Appendix). Pre-
treatment with prasugrel was not associated with 

Table 2. Major Efficacy End Points through Day 7 and Day 30.*

End Point
Pretreatment

(N = 2037)

No 
Pretreatment

(N = 1996)
Hazard Ratio

(95% CI) P Value

no. of patients (%)

7 Days

Death from cardiovascular causes, myocardial infarction, stroke, 
urgent revascularization, or glycoprotein IIb/IIIa bailout: 
 primary end point

203 (10.0) 195 (9.8) 1.02 (0.84–1.25) 0.81

Death

From any cause 8 (0.4) 10 (0.5) 0.78 (0.31–1.98) 0.61

From cardiovascular cause 7 (0.3) 10 (0.5) 0.69 (0.26–1.80) 0.44

Myocardial infarction 119 (5.8) 109 (5.5) 1.07 (0.83–1.39) 0.60

Stroke 8 (0.4) 10 (0.5) 0.78 (0.31–1.98) 0.60

Urgent revascularization 22 (1.1) 26 (1.3) 0.83 (0.47–1.46) 0.52

Glycoprotein IIb/IIIa bailout 76 (3.7) 78 (3.9) 0.96 (0.70–1.31) 0.79

30 Days

Death from cardiovascular causes, myocardial infarction, stroke,  
urgent revascularization, or glycoprotein IIb/IIIa bailout

219 (10.8) 216 (10.8) 0.997 (0.83–1.20) 0.98

Death from cardiovascular causes, myocardial infarction, or stroke 144 (7.1) 144 (7.2) 0.98 (0.78–1.23) 0.86

Death from cardiovascular causes or myocardial infarction 135 (6.6) 130 (6.5) 1.02 (0.80–1.30) 0.88

Death from cardiovascular causes, myocardial infarction, or urgent  
revascularization

157 (7.7) 146 (7.3) 1.06 (0.85–1.33) 0.62

Death from cardiovascular causes 14 (0.7) 22 (1.1) 0.62 (0.32–1.22) 0.16

Myocardial infarction 126 (6.2) 116 (5.8) 1.07 (0.83–1.37) 0.62

* Event rates are raw percentages. Hazard ratios for pretreatment and two-sided 95% confidence intervals were calculated with the use of a Cox 
proportional-hazards model with treatment as a fixed effect. Two-sided P values were calculated with the use of the log-rank test.
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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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ment group than in the control group (Table S2 
in the Supplementary Appendix).

In the pharmacodynamic substudy, we found 
that at the time of arterial access a median of 
4.8 hours after the first loading dose, there was 
greater platelet inhibition in the pretreatment 
group than in the control group (Fig. S7 in the 
Supplementary Appendix), which may have con-
tributed to the increased rate of bleeding com-
plications in the pretreatment group. By 2 hours 
after the second loading dose, antiplatelet activ-
ity was similar in the two groups, with low lev-
els of platelet reactivity observed up to 24 hours.

Discussion

Although pretreatment with aspirin and a P2Y12 
antagonist has been a class I recommendation 
in the guidelines and common practice for the 
treatment of patients with NSTE acute coronary 
syndromes, we found that pretreatment with pra-
sugrel did not reduce the rate of ischemic events 
in the overall population or in the cohort that 
underwent PCI, the cohort that underwent CABG, 
or the cohort that received medical treatment 
only. There were significantly more major and 
life-threatening bleeding complications not re-
lated to CABG in the pretreatment group than in 
the control group — mostly among patients who 
underwent PCI. However, the rates of stent throm-
bosis and of death were low in both groups.

The benefit of adding clopidogrel to aspirin 
in patients with NSTE acute coronary syndromes 
was shown in the Clopidogrel in Unstable Angina 
to Prevent Recurrent Events (CURE) study, in which 
a conservative medical management strategy was 
evaluated.4 In the CURE study, a small subgroup 
of 21% of the patients underwent PCI an average 
of 10 days after randomization. The significant 
benefit with respect to ischemic end points with 
clopidogrel pretreatment in this PCI subgroup 
set the precedent for clopidogrel treatment be-
fore catheterization.21 Subsequent randomized 
studies did not confirm the benefit of clopido-
grel pretreatment with respect to ischemic events 
among patients in stable condition who were 
undergoing elective PCI,3,22-24 and a recent meta-
analysis did not show a survival benefit of clo-
pidogrel pretreatment among more than 37,000 
patients undergoing PCI.9 In our study, prasu-
grel, when administered as pretreatment, was 
biologically effective at the time of catheteriza-
tion or PCI, as shown by the results of the phar-

macodynamic substudy, but pretreatment with 
prasugrel did not reduce the incidence of throm-
botic complications in either the overall popula-
tion or among patients undergoing PCI. The lack 
of protection against ischemic events was shown 
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Figure 2. Primary Efficacy and Key Safety End Points in the PCI Cohort.
Panel A shows the incidence of the primary efficacy end point of death from 
cardiovascular causes, myocardial infarction, stroke, urgent revascularization, 
or glycoprotein IIb/IIIa bailout at day 7 (dotted line) and to day 30 after the 
first loading dose, in the cohort of patients who underwent PCI, according  
to pretreatment or no pretreatment with prasugrel. Panel B shows the inci-
dence 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 co-
hort of patients who underwent PCI, according to pretreatment or no pre-
treatment with prasugrel.
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consistently across all prespecified subgroups, 
including the patients who were at the highest 
risk, such as the elderly, patients with diabetes, 
and those with a Global Registry of Acute Coro-
nary Events (GRACE) risk score of 140 or higher 
(with scores ranging from 1 to 372 and higher 
scores indicating greater risk). This suggests 

that stronger antiplatelet therapy does not pre-
vent the occurrence of a myocardial infarction 
before catheterization or after PCI. Our data are 
consistent with the results of previous studies 
that evaluated the use of glycoprotein IIb/IIIa 
inhibitors in a similar clinical situation.25,26 The 
absence of P2Y12 inhibition in the control group 

Table 3. Bleeding End Points through Day 7 and Day 30.*

End Point
Pretreatment 

(N = 2037)

No 
Pretreatment 

(N = 1996)
Hazard Ratio

(95% CI)
P

Value

no. of patients (%)

7 Days

All CABG-related or non–CABG-related TIMI major 
bleeding: key safety end point

52 (2.6) 27 (1.4) 1.90 (1.19–3.02) 0.006

Non–CABG-related TIMI major bleeding 27 (1.3) 9 (0.5) 2.95 (1.39–6.28) 0.003

Fatal bleeding 1 (<0.1) 0 NE NE

Life-threatening bleeding 17 (0.8) 3 (0.2) 5.56 (1.63–19.0) 0.002

Type of bleeding†

Intracranial hemorrhage 0 0 NE NE

Vascular access-site bleeding 9 (0.4) 2 (0.1) NE NE

Gastrointestinal 4 (0.2) 3 (0.2) NE NE

Hematuria 1 (<0.1) 0 NE NE

Pericardial 4 (0.2) 2 (0.1) NE NE

Other‡ 9 (0.4) 2 (0.1) NE NE

Non–CABG-related TIMI major or minor bleeding 61 (3.0) 20 (1.0) 3.02 (1.82–5.01) <0.001

CABG-related TIMI major bleeding§ 25 (20.7) 16 (13.7) 1.59 (0.85–2.98) 0.14

GUSTO moderate or severe, CABG-related or non–
CABG-related

70 (3.4) 35 (1.8) 1.98 (1.32–2.97) <0.001

STEEPLE major bleeding, non–CABG-related 46 (2.3) 18 (0.9) 2.52 (1.46–4.35) <0.001

STEEPLE minor bleeding, non–CABG-related 58 (2.8) 38 (1.9) 1.50 (1.00–2.26) 0.05

Transfusions¶

Total, for any reason 41 (2.0) 22 (1.1) 1.84 (1.09–3.08) 0.02

For non–CABG-related TIMI major bleeding 20 (1.0) 7 (0.4) 2.81 (1.19–6.63) 0.01

30 Days

All CABG-related or non–CABG-related TIMI major 
bleeding

58 (2.8) 29 (1.5) 1.97 (1.26–3.08) 0.002

Non–CABG-related TIMI major bleeding 32 (1.6) 11 (0.6) 2.86 (1.44–5.68) 0.002

Fatal bleeding 3 (0.1) 0 NE NE

Life threatening bleeding 22 (1.1) 4 (0.2) 5.40 (1.86–15.68) <0.001

Type of bleeding†

Intracranial hemorrhage 1 (<0.1) 0 NE NE

Vascular access-site bleeding 9 (0.4) 2 (0.1) NE NE

Gastrointestinal 6 (0.3) 5 (0.3) NE NE

Hematuria 1 (<0.1) 0 NE NE

Pericardial 5 (0.2) 2 (0.1) NE NE

Other‡ 10 (0.5) 2 (0.1) NE NE
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was not associated with an excess of ischemic 
events among patients who underwent CABG or 
among those who received medical treatment 
alone.

The largest percentage of all TIMI major 
bleeding complications occurred in the cohort 
of patients who underwent CABG, with a non-
significant excess observed with pretreatment 
in that cohort (Fig. S5 in the Supplementary Ap-
pendix). There was a significant increase with 
pretreatment, by a factor of 3, in the incidence 
of TIMI major bleeding episodes not related to 
CABG, including an increase by a factor of 6 in 
the incidence of life-threatening bleeding, al-
though there was not an excess of intracranial 
or fatal bleeding. The between-group differences 
in safety were driven by the PCI cohort, which 
had the same significant excess of bleeding 
complications as that observed in the global 
population. Bleeding in the PCI cohort occurred 
early, as compared with bleeding in the CABG 
cohort, in which bleeding was delayed and was 
dependent on the timing of surgery in relation 
to the administration of prasugrel. Radial ac-

cess, as compared with femoral access, was 
associated with a 61% lower incidence of TIMI 
major bleeding not related to CABG, but the 
safety hazard of pretreatment persisted in this 
subgroup.

Despite the lack of rigorous studies support-
ing the practice of pretreatment with clopidogrel 
in patients with NSTE acute coronary syn-
dromes, this practice has become commonplace 
and has often been extended to new oral P2Y12 
antagonists. Our results support the administra-
tion of prasugrel when the coronary anatomy is 
known and after PCI is selected as the treatment 
strategy. Currently, the risk of an ischemic com-
plication before catheterization is extremely low 
given the short interval between admission and 
catheterization.16,17,27-30 Coronary angiography 
not only confirms the diagnosis but is central 
for determining the treatment strategy. In our 
population of patients with NSTE acute coronary 
syndromes, 32% did not need pretreatment since 
they underwent CABG or received medical treat-
ment with or without further P2Y12 inhibition. In 
the 69% of patients undergoing PCI, pretreat-

Table 3. (Continued.)

End Point
Pretreatment 

(N = 2037)

No 
Pretreatment 

(N = 1996)
Hazard Ratio

(95% CI)
P

Value

no. of patients (%)

Non–CABG-related TIMI major or minor bleeding 73 (3.6) 23 (1.2) 3.15 (1.97–5.03) <0.001

CABG-related TIMI major bleeding§ 27 (17.2) 16 (10.2) 1.77 (0.95–3.28) 0.07

GUSTO moderate or severe, CABG-related or non–
CABG-related

80 (3.9) 37 (1.9) 2.14 (1.45–3.16) <0.001

STEEPLE major bleeding, non–CABG-related 56 (2.7) 22 (1.1) 2.52 (1.54–4.12) <0.001

STEEPLE minor bleeding, non–CABG-related 70 (3.4) 49 (2.5) 1.41 (0.98–2.03) 0.07

Transfusions¶

Total, for any reason 46 (2.3) 24 (1.2) 1.89 (1.15–3.09) 0.01

For non–CABG-related TIMI major bleeding 24 (1.2) 9 (0.5) 2.62 (1.22–5.63) 0.01

* All event rates are raw percentages. Hazard ratios for pretreatment and two-sided 95% confidence intervals were calculated 
with the use of a Cox proportional-hazards model with treatment as a fixed effect. Two-sided P values were calculated with 
the use of the log-rank test. CABG denotes coronary-artery bypass grafting, GUSTO Global Utilization of Streptokinase 
and Tissue Plasminogen Activator for Occluded Coronary Arteries, NE not able to be evaluated, STEEPLE Safety and 
Efficacy of Enoxaparin in Percutaneous Coronary Intervention (PCI) Patients, an International Randomized Evaluation, 
and TIMI Thrombolysis in Myocardial Infarction.

† Participants who had more than one bleeding event may be included in more than one TIMI bleeding category. Within 
each category of type of TIMI bleeding, the first TIMI bleeding episode in that category is reported here.

‡ Other sources of bleeding included the retroperitoneum, the respiratory tract, the surgical incision site, and unknown sites.
§ The percentages for CABG-related TIMI major bleeding were calculated on the basis of the total number of patients 

who underwent CABG: at 7 days, 121 patients in the pretreatment group and 117 in the group that received no pre-
treatment, and at 30 days, 157 patients in each of the two groups.

¶ Transfusions included transfusion of any product or transfusion of fresh-frozen plasma, packed red cells, platelets, and 
whole blood cells. 
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ment with an effective P2Y12 inhibitor at the 
time of insertion of the sheath exposed patients 
to a greater risk of bleeding complications with-
out better protection against periprocedural myo-
cardial infarction. The rapid onset of action of 
oral and intravenous P2Y12 inhibitors, together 
with the short intervals to catheterization, sug-
gests that these drugs should be used only when 
the coronary anatomy has been defined.14,28

There are several aspects of our trial that may 
limit the conclusions. First, given the safety is-
sues, the data and safety monitoring committee 
recommended interruption of the enrollment 
just before completion. However, the power of 
the trial was not affected, since at the time the 
trial was stopped, 398 patients had had a pri-
mary efficacy end-point event, and this event-
driven study was due to stop when 400 patients 
had an end-point event. Second, since our study 
tested the concept of pretreatment, receipt of a 
loading dose of a P2Y12 inhibitor before random-
ization was, according to the study design, an 
exclusion criterion. Subsequently, pretreatment 
with clopidogrel was the most frequent reason 
for screening failure, which we believe was a 
reflection of the common practice more than a 
difference in patient profile. Third, one fourth of 
the study population received medical treatment 
only, and those patients may not have been the 
most appropriate subgroup for pretreatment. 
Fourth, our findings are applicable to most pa-
tients presenting with an NSTE acute coronary 
syndrome, but they cannot be extended to pa-
tients requiring urgent or late (>48 hours) cath-
eterization or to patients with ST-segment eleva-
tion myocardial infarction.

In conclusion, among patients with NSTE 
myocardial infarction who were scheduled to 
undergo catheterization within 48 hours after 
admission, pretreatment with prasugrel at the 
time of diagnosis did not reduce the rate of ma-
jor ischemic events up to day 30 but increased 
the rate of major bleeding complications. The 
results were consistent among patients undergo-
ing PCI, supporting the strategy of treatment 
with prasugrel after the coronary anatomy has 
been defined.14
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