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ABSTRACT
OBJECTIVES This study compared the timing of onset of antiplatelet action after treatment with clopidogrel and
prasugrel at ﬁrst medical contact in patients with ST-segment elevation myocardial infarction (STEMI) scheduled for
primary percutaneous coronary intervention (PPCI).
BACKGROUND Little is known about the timing of onset of antiplatelet action after a pre-percutaneous coronary
intervention (PCI) loading dose of clopidogrel or prasugrel in patients with STEMI.
METHODS This double-blind, prospective study randomized 62 patients with STEMI scheduled for PPCI in the ambulance or the emergency department to 60 mg prasugrel (n ¼ 31) or 600 mg clopidogrel (n ¼ 31). The primary endpoint
was the platelet reactivity index (PRI) measured with the vasodilator-stimulated phosphoprotein assay 2 h after intake of
the study medication. Secondary endpoints were PRI after 4 h, TIMI (Thrombolysis In Myocardial Infarction) patency of
the infarct-related artery before and after PCI, and clinical events until day 30.
RESULTS The PRI after 2 h (50.4  32.7% vs. 66.3  22.2%; p ¼ 0.035) and after 4 h (39.1  27.5% vs. 54.5  49.3%;
p ¼ 0.038) were signiﬁcantly lower with prasugrel compared with clopidogrel. In addition, the rate of patients with a
PRI <50% tended to be higher with prasugrel compared with clopidogrel after 2 h (46.7% vs. 28.6%; p ¼ 0.15) and after
4 h (63.0% vs. 38.9%; p ¼ 0.06). There were no signiﬁcant differences in TIMI 2/3 patency before PCI (39.2% vs. 31.0%;
p ¼ 0.43) and TIMI 3 patency after PCI (88.5% vs. 89.3%; p ¼ 0.92).
CONCLUSIONS The pre-PCI administration of prasugrel in patients with STEMI undergoing PPCI was associated with a
signiﬁcant faster platelet inhibition compared with clopidogrel. Therefore, prasugrel should be preferred to clopidogrel in
this setting. (ETAMI-Study: Early Thienopyridine Treatment to Improve Primary PCI in Patients With Acute Myocardial
Infarction; NCT01327534) (J Am Coll Cardiol Intv 2015;8:147–54) © 2015 by the American College of Cardiology
Foundation.
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ABBREVIATIONS
AND ACRONYMS
ADP = adenosine diphosphate
GP = glycoprotein
PCI = percutaneous coronary
intervention

PPCI = primary percutaneous
coronary intervention

PRI = platelet reactivity index
STEMI = ST-segment elevation
myocardial infarction

TIMI = Thrombolysis In
Myocardial Infarction
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NSAIDs; and participation in another clinical or device trial within the previous 30 days.

STATISTICS. The primary aim of the study was a

statistical comparison of the PRI measured by VASP
phosphorylation 2 h after the initiation of the therapy
in the study groups A and B. So, the statistical
approach was formulated as follows:
Hypothesis: the expected mean PRI in both groups

STUDY PROCEDURES. In the ambulance or in the

emergency department of a PCI hospital after diagnostic conﬁrmation of STEMI, all patients received a

is the same.
Alternative: the expected mean PRI in both groups
is different.

baseline treatment of aspirin (500 mg intravenously

In a homogeneous target population, we assumed

or 300 mg orally). Patients in the prasugrel group

that PRI could be modeled as a continuous random

received a loading dose of 60 mg prasugrel and 8

variable whose distribution was characterized by the

tablets of clopidogrel placebo, and patients in the

expected value m . With the indexes A and B we signed

clopidogrel group received a loading dose of 600 mg
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clopidogrel and 6 tablets of prasugrel placebo as early
as possible. Randomized patients were transferred to

Hypothesis : mA ¼ mB

the catheterization laboratory, where diagnostic cor-

Alternative : mA smB

onary angiography and PPCI with stent implantation
was done according to the local guidelines but within
3 h after randomization. The administration of GP IIb/
IIIa inhibitors after the diagnostic angiography and
prior to or during PPCI was left to the discretion of the
treating physician. Blood for the determination of the
platelet reactivity index (PRI) was drawn 120 and 240
min after administration of the double-blind study
medication, and all samples were processed within 24
h after collection. PRI was measured with CY-QUANT
VASP/P2Y12 assay (Stago, Parsippany-Troy Hills, New
Jersey).

The test level alpha was 5%. The statistical test for
the primary target parameter was the Satterthwaite’s
t-test for comparing means with unequal SDs. The
mean difference was estimated, and a corresponding
conﬁdence interval was calculated.
The

secondary

target

parameters

underwent

descriptive analyses, and explorative statistical evaluation was performed for comparing the 2 groups.
All statistical analyses were performed with the
“intention-to-treat” dataset.
Assuming a PRI of 75  15% in the clopidogrel
group (group B), a PRI of 60  25% in the prasugrel
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F I G U R E 1 Study Flow Chart of the Design and Patients of the Study

Depicted are the patients randomized, the intention-to-treat (ITT) population, and patients with the ﬁnal diagnosis of ST-segment elevation
myocardial infarction (STEMI). FU ¼ follow-up; Pat ¼ patients; PRI ¼ platelet reactivity index.

(3 and 2 patients, respectively). A PRI value 2 h after
T A B L E 1 Baseline Characteristics of Patients Randomized to

the loading dose was not available in 3 patients; in

Prasugrel or Clopidogrel

addition, for 1 patient, the actual diagnosis turned
Prasugrel
(n ¼ 31)

Mean age, yrs
Women

Clopidogrel
(n ¼ 31)

59.0 (55–70) 64.0 (49–70)

out to be pulmonary embolism, and for this patient,
p Value

study guidance decided that his data should not be

0.45

included in the intention-to-treat analysis of PRI
values. The time intervals between symptom onset

10 (32.3)

7 (22.6)

0.39

Prior myocardial infarction

2 (6.5)

3 (9.7)

0.64

Prior PCI

3 (9.7)

4 (12.9)

0.68

0

0

Medical history

Prior coronary artery
bypass grafting

ﬁrst medical contact to study drug (40 min, 9 to
to coronary angiography (15 min, 7 to 42 min vs.

Hypertension

17 (54.8)

17 (54.8)

1.0

Hyperlipidemia

15 (48.4)

12 (38.7)

0.44

Diabetes mellitus

128 min vs. median 85 min, 44 to 194 min; p ¼ 0.08),
56 min vs. 52 min, 10 to 64 min; p ¼ 0.55), study drug

Coronary risk factors

Smoker within last
12 months

and ﬁrst medical contact (median 60 min, 35 to

6 (19.4)
24 (78.4)

Values are median (interquartile range) or n (%).
PCI ¼ percutaneous coronary intervention.

6 (19.4)
22 (71)

1.0
0.56

23 min, 5 to 43 min; p ¼ 0.87) and study drug to
blood sampling for PRI (120 min, 110 to 130 min vs.
120 min, 109 to 131 min) did not signiﬁcantly differ
between the 2 groups.
The TIMI patency rates of the infarct-related artery
as evaluated in a central core laboratory are shown in
Table 2. PPCI was performed in 26 and 28 patients,
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T A B L E 2 Angiographic Findings and Interventional Features

Angiography performed

Prasugrel
(n ¼ 31)

Clopidogrel
(n ¼ 31)

p Value

31 (100)

31 (100)

0.99

No STEMI
STEMI

3

2

28

29

Patency of the infarct-related
artery before PPCI

T A B L E 4 Results of the PRI Measurements in the 2 Groups

Prasugrel
(n ¼ 31)

Clopidogrel
(n ¼ 31)

p Value

PRI
Baseline

76.2  16.0 76.7  22.3

2h

50.4  32.7 66.3  22.2 0.035

4h

39.2  29.3 54.5  24.1

0.94
0.038

Rate of patients with PRI <50%

TIMI ﬂow grade 0/1
TIMI ﬂow grade 2
TIMI ﬂow grade 3

17 (60.7)

20 (69.0)

4 (14.2)

2 (6.9)

0.76

2h

14/30 (46.7) 8/28 (28.6)

0.15

4h

17/27 (63.0) 11/29 (37.9)

0.06

7 (25.0)

7 (24.1)

11 (39.2)

9 (31.0)

26

28

25 (96.2)

25 (89.3)

0

0

TIMI ﬂow grade 2

3 (11.5)

3 (10.7)

24.5%; p ¼ 0.03). The rate of patients with a sufﬁcient

TIMI ﬂow grade 3

23 (88.5)

25 (89.3)

PRI of <50% tended to be higher with prasugrel

TIMI ﬂow grade 2/3
PPCI performed
Stent

0.43

Values are mean  SD or n/N (%).
PRI ¼ platelet reactivity index.

Patency of the infarct related
artery after PPCI

treated patients both after 2 h (48.7  31.6% vs. 65.3 

TIMI ﬂow grade 0/1

0.92

22.1%; p ¼ 0.04) and 4 h (38.9  28.1% vs. 54.7 

compared with clopidogrel after 2 and 4 h (Table 4).

Values are n (%) or n.
PPCI ¼ primary percutaneous coronary intervention; STEMI ¼ ST-segment
elevation myocardial infarction; TIMI ¼ Thrombolysis In Myocardial Infarction.

Clinical events until day 30 were rare and are listed
in Table 5. Bleeding complications were observed
only in 1 and 0 patients, respectively.

respectively, and TIMI ﬂow grade 3 patency after PCI
was not different between the 2 groups. The
concomitant medication administered in the acute
phase is given in Table 3 and did not show any signiﬁcant differences between the 2 groups.
The PRI at baseline was 76% in the 2 groups
(Table 4). The primary endpoint PRI after 2 h as well

DISCUSSION
ETAMI is the ﬁrst randomized, double-blind study to
compare the pre-PCI administration of loading doses
of 600 mg clopidogrel and 60 mg prasugrel in patients
with STEMI scheduled for PPCI. The principal result

as the secondary endpoint PRI after 4 h were signiﬁcantly lower with prasugrel compared with clopidogrel in the intention-to-treat analysis (Table 4). The
time-course of PRI is given in Figure 2. The distribution of PRI is given in Figure 3 and showed a wide
variability both with clopidogrel and prasugrel. In the
patients with conﬁrmed STEMI, PRI was lower in
the prasugrel-treated compared with the clopidogrel-

T A B L E 3 Periprocedural Antithrombotic and Adjunctive

Therapy During the First 48 h

ASA
GP IIb/IIIa inhibitors
Unfractionated heparin
Enoxaparin

Prasugrel
(n ¼ 31)

Clopidogrel
(n ¼ 31)

31 (100)

31 (100)

0.9

4 (12.9)

2 (6.4)

0.31

28 (90.3)

30 (96.8)

0.3

2 (6.5)

0

0.15

p Value

Bivalirudin

17 (54.8)

15 (48.4)

0.6

Beta-blockers

24 (77.4)

28 (90.3)

0.16

ACE inhibitors/ARBs

28 (90.3)

29 (93.5)

0.64

Statins

27 (87.1)

28 (90.3)

0.68

Morphine

19 (61.3)

13 (41.9)

0.12

F I G U R E 2 Time Course of the PRI Measured With the VASP Assay

Time course of the median values of the platelet reactivity index (PRI) measured with
Values are n (%).
ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blockers;
ASA ¼ acetylsalicylic acid; GP ¼ glycoprotein.

the vasodilator-stimulated phosphoprotein (VASP) assay in the 2 groups randomized to
prasugrel or clopidogrel at baseline and 2 and 4 h after intake of the study medication.
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it achieves a faster and more effective platelet inhibition than the approved 300-mg loading dose in
randomized trials (4,16). This effect was associated
with an improved clinical outcome of 600 to 300 mg
clopidogrel in patients with primary PCI (16,17) and
in PCI, in patients with ACS with and without
ST-segment elevation (18). However, in a randomized
trial, the pre-hospital administration of 600 mg clopidogrel did not signiﬁcantly improve patency of the
infarct-related artery before PCI compared with the
control group (19). Because in this trial the clopidogrel was given at a mean of 47 min before angiography,
only a few patients have had a sufﬁcient level of inhibition of platelet aggregation according to the results of the present study.
Randomized data on the results of platelet function tests in patients undergoing primary PCI for
STEMI treated by clopidogrel or prasugrel are scarce.
We have chosen the VASP-PRI as primary outcome
because the result is not affected by the concomitant
use of GP IIb/IIIa inhibitors and the results correlate
well with those of platelet aggregometry and tests of
activation by ﬂow cytometry (20). In addition, it can
be stored for up to 48 h without affecting the results,
which makes the tests highly suitable for an acute
study with STEMI patients. However, faster processing of blood samples might be associated with more
reliable and reproducible results (21); therefore, all
samples in our study were handled within 24 h after
collection.
The pharmacodynamic substudy of the TRITON–
TIMI 38 trial (8) included only 4 patients with STEMI.
In the overall population, in 99 evaluable patients
60 mg prasugrel compared with 300 mg clopidogrel
F I G U R E 3 Distribution of Individual PRIs After 2 and 4 Hours

showed a more potent platelet inhibition assessed
with the VASP-PRI 1 to 2 h after loading dose and PCI

Distribution of individual platelet reactivity indexes (PRI) after (A) 2 h and (B) 4 h in the
2 patient groups randomized to prasugrel or clopidogrel.

(51.8% vs. 78.8%, p ¼ 0.001). In healthy volunteers,
prasugrel was associated with an even faster onset
of action. Effective ADP receptor inhibition was

of the study is that prasugrel achieves a faster and

observed within 30 min in most volunteers, whereas

more intense inhibition of platelet inhibition than

300 mg clopidogrel needed several hours to become

clopidogrel. After prasugrel, about 50% and 65% of

effective (22). In a nonrandomized comparison, a

the patients will have a VASP index of <50% within

60 mg prasugrel loading dose about 50 min before PPCI

2 and 4 h, respectively, whereas with clopidogrel,

was associated with a better inhibition of ADP-induced

these rates are around 30% and 40%, respectively.

platelet aggregation compared with a 600 mg loading

That means that 60% of patients with STEMI will

dose of clopidogrel (23). However, only 47% of patients

have insufﬁcient inhibition of platelet aggregation

after prasugrel and 29% after clopidogrel achieved

within 4 h after intake of clopidogrel compared with

an adequate platelet inhibition, deﬁned as ADP-

only one-third after prasugrel.

induced platelet aggregation of <70%, during a

The strength of our study was the randomized,

clinically-relevant door-to-balloon time of about 50

double-blind design, which excludes any bias asso-

min. Another observational study observed again

ciated with nonrandomized comparisons or open

more effective platelet inhibition and a trend toward a

randomized trials. The 600-mg loading dose of clo-

better angiographic outcome before and after PPCI

pidogrel was selected because it has been shown that

with prasugrel compared with clopidogrel (24). These
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T A B L E 5 Clinical Events Until Day 30 or Hospital Discharge

Prasugrel Clopidogrel
(n ¼ 31)
(n ¼ 31)
p Value

Death

1

1

1.00

reasons, including reduced or delayed drug adsorption in patients with hemodynamic disarrangement,
systemic vasoconstriction, adrenergic activation, and
a high risk of vomit (27).
Therefore, it might be necessary to use faster-

Cardiogenic shock

1

2

0.27

Reinfarction

0

0

1.0

acting antiplatelet drugs to achieve an adequate

Stent thrombosis

0

0

1.0

level of platelet inhibition at the time of PPCI. One

Stroke

0

0

1.0

option is GP IIb/IIIa inhibitors, such as tiroﬁban,

TIMI major or minor bleeding

1

0

0.31

which was associated with a more potent platelet in-

GUSTO major or moderate bleeding

1

0

0.31

hibition than prasugrel in the randomized FABOLUSPRO (Facilitation through Aggrastat By drOpping or

TIMI ¼ Thrombolysis In Myocardial Infarction.

shortening Infusion Line in patients with ST-segment
elevation myocardial infarction compared to on top of

results support our ﬁndings of a signiﬁcantly faster

PRasugrel given at loading dOse) trial (12). Another

onset of platelet inhibition with prasugrel compared

candidate is cangrelor, an intravenous ADP-receptor

with clopidogrel in patients with primary PCI.

inhibitor with a rapid onset of action and a short

In the randomized TRITON-TIMI 38 trial and in

half-life (28).

observational nonrandomized studies, prasugrel was
associated with an improved clinical outcome in

CONCLUSIONS

patients with PPCI for STEMI (8,25,26). These ﬁndings might be explained at least in part by the faster

The pre-PCI administration of prasugrel in patients

and more potent platelet inhibition, as shown in our

with STEMI undergoing primary PCI was associated

trial.

with signiﬁcantly faster ADP receptor inhibition

In 2 studies comparing the antiplatelet effects of

compared with clopidogrel. Therefore, prasugrel

prasugrel and ticagrelor in patients with PPCI, no

should be preferred to clopidogrel in this patient

signiﬁcant differences were reported between these

population. However, even with prasugrel, inhibition

drugs (10,11). However, in both trials, around 50% of

of ADP-induced platelet aggregation is not as fast

patients did not achieve adequate platelet inhibition

as in healthy volunteers and is still not optimal within

as assessed by different methods 2 h after the loading

2 h after a loading dose of 60 mg.

dose.
We observed a wide patient variability of the
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