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Abstract Antiplatelet treatment is a cornerstone for patients
with acute coronary syndromes treated invasively or conser-
vatively to reduce the risk of early and late occurring ische-
mic complications and to improve survival. Compared to
clopidogrel, the novel antiplatelet agents prasugrel and tica-
grelor provide faster and more consistent inhibition of plate-
let aggregation and result in substantially improved clinical
outcome in patients with acute coronary syndromes but also
an increased bleeding risk. Therefore, balancing the rope
between safety and efficacy of treatment is crucial for opti-
mizing outcome. An understanding of the similarities but
also differences in pharmacological effect, clinical trial de-
sign, and outcome is crucial for understanding which patient
populations benefit the most from novel antiplatelet treat-
ments. This review provides recommendations for their
optimal use.
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Clinical Trial Acronyms
CAPRIE Clopidogrel versus aspirin in

patients at risk of ischaemic events

CLARITY Clopidogrel as adjunctive
reperfusion therapy

COMMIT Clopidogrel and metoprolol
in myocardial infarction trial

CREDO Clopidogrel for the reduction
of events during observation

CURE Clopidogrel in unstable angina
to prevent recurrent events

CURRENT-OASIS 7 clopidogrel optimal loading
dose usage to reduce recurrent
events/optimal antiplatelet
strategy for interventions

DISPERSE-2 Dose confirmation study
assessing antiplatelet effects
of AZD6140 versus clopidogrel
in non–ST-segment elevation
myocardial infarction

JUMBO-TIMI 26 Joint utilization of medications
to block platelets optimally -
thrombolysis in myocardial
infarction 26

PLATO Study of Platelet Inhibition
and Patient Outcomes

PRINCIPLE-TIMI 44 Prasugrel in comparison to
clopidogrel for inhibition of
platelet activation and
aggregation – TIMI 44

TRILOGYACS Targeted platelet inhibition
to clarify the optimal strategy
to medically manage acute
coronary syndromes

TRITON-TIMI 38 Trial to assess improvement
in therapeutic outcomes by
optimizing platelet inhibition
with prasugrel – TIMI 38
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Introduction

Dual antiplatelet treatment (DAT) with aspirin and clopi-
dogrel is a cornerstone in the treatment of acute coronary
syndromes (ACS), but recently guidelines give higher level
of recommendation to alternative, more potent, P2Y12 re-
ceptor inhibitors with improved clinical efficacy [1, 2].
Understanding the differences between the pharmacology
of the three P2Y12 inhibitors currently in clinical use (clo-
pidogrel, prasugrel, and ticagrelor) and the underlying clin-
ical trial design is crucial to achieve clinical success in the
treatment of the ACS patient.

Clopidogrel co-administered with aspirin versus aspirin
alone was tested in non-ST-elevation ACS in the CURE
trial, in which clopidogrel reduced the rate of the primary
composite end point of death, myocardial infarction, and
stroke compared with aspirin alone [3]. The benefit of DAT
has been confirmed in ST-elevation ACS patients treated
with fibrinolysis [4] and those undergoing elective percuta-
neous coronary intervention (PCI) [5]. However, clopidog-
rel efficacy is hampered by a number of pharmacokinetic
and pharmacodynamic factors, and poor responsiveness to
clopidogrel (ie, inadequate platelet inhibition) occurs in
20 % to 30 % of patients depending on the definition.
Clopidogrel is a prodrug that needs hepatic conversion to
its active metabolite by several cytochrome (CYP) enzymes.
The extent of clopidogrel platelet inhibition correlates with
the metabolic activity of the CYP enzymes and CYP2C19
plays a pivotal role in clopidogrel poor response [6]. Differ-
ences in drug absorption [7] and interference with clopidog-
rel’s metabolism with other drugs [8] also impact treatment
response.

This has prompted the development of new antiplatelet
drugs that inhibit platelets more effectively. However, more
potent platelet inhibition also increases the risk of bleeding
and a concern with novel ADP receptor inhibitors is the
critical balance between the anti-ischemic effect and bleed-
ing risk.

This review discusses ADP receptor inhibitors in ACS,
which patient populations benefit the most from the novel
antiplatelets prasugrel and ticagrelor, and provides recom-
mendations for their optimal use.

Currently Available Oral P2Y12 Inhibitors

Clopidogrel

Clopidogrel has undergone large phase III trials in more
than 100,000 patients and its use is supported in guidelines
for ACS, ischemic stroke, and peripheral artery disease. The
CAPRIE trial assessed the efficacy of clopidogrel 75 mg
once daily and aspirin 325 mg once daily in reducing the

risk of a composite end point of ischemic stroke, myocardial
infarction (MI) or vascular death in a population of patients
with atherosclerotic vascular disease. Patients treated with
clopidogrel had an annual 5.3 % risk of the composite end
point compared to 5.8 % with aspirin (P<0.05), reflecting a
relative risk reduction of 8.7 % with clopidogrel [9]. The
overall safety profile of clopidogrel was at least as good as
medium-dose aspirin. Although the statistical significance
favoring clopidogrel in this trial was marginal, the effect of
clopidogrel compared to a placebo would be substantially
higher.

In the CURE trial, non-ST-elevation ACS patients with
clopidogrel 75 mg on top of aspirin had an event rate of the
composite end point of 9.3 % for clopidogrel and aspirin
versus 11.4 % for placebo and aspirin (P<0.001) [3]. The
difference was mainly driven by a reduction in subsequent
MI and there was no significant reduction in cardiovascular
mortality alone. In the CURE trial the majority of the
patients were treated conservatively without revasculariza-
tion. The risk reduction with clopidogrel compared to aspi-
rin was seen in both conservatively and invasively treated
patients but there was a trend for a greater benefit in patients
with a prior history of revascularization with a significant P-
value for interaction. The rates of CURE-defined minor and
major bleeding were higher with DAT than with aspirin
alone. Also in patients with ST-elevation ACS undergoing
fibrinolysis clopidogrel has been shown to be superior to
aspirin alone [4]. However, clopidogrel has not been evalu-
ated in any large outcome study over placebo in the setting
of primary PCI.

The favorable effect of clopidogrel over placebo in
aspirin-treated patients with ACS and in patients undergoing
coronary stenting has not been possible to achieve in
patients with high risk of atherothrombotic events [10].

One strategy to reduce the incidence of hyporesponsive-
ness to clopidogrel is to increase the dose. While increased
mean platelet inhibition can be achieved through this meth-
od, interpatient variability in responsiveness may remain,
and all clopidogrel hyporesponsiveness cannot be over-
come. The CURRENT-OASIS 7 trial failed to show superi-
ority of the use of double-dose clopidogrel to achieve a
more rapid onset and higher levels of platelet inhibition than
the standard dose [11••]. More than 25,000 ACS patients
were randomized to a standard dose of 300 mg loading dose/
75 mg daily thereafter; or double dose of 600 mg/150 mg
daily for 6 days and 75 mg daily thereafter. The comparison
demonstrated no significant difference in the primary effi-
cacy outcome of 30-day cardiovascular death, MI, or stroke
between standard and double-loading dosages (4.4 % vs
4.2 %, respectively) at the expense of an increased major
bleeding rate. The subgroup analysis for patients undergoing
PCI (n017,263) revealed a nominally significant reduction
in the primary composite end point with double-dose
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compared with standard-dose clopidogrel (3.9 % vs 4.5 %,
respectively) [12]. A significant reduction of stent thrombo-
sis was observed. In contrast, in the 7823 patients who did
not undergo PCI, there was a numerically worse outcome
with high-dose clopidogrel (600 vs 300 mg; 4.9 % vs 4.3 %,
respectively).

Prasugrel

The pivotal TRITON-TIMI 38 trial was the first large-scale
trial proving the hypothesis that higher and less variable
P2Y12 platelet inhibition prevents clinical ischemic events
[13••]. The TRITON-TIMI 38 trial was preceded by two
phase II studies assessing the pharmacodynamics and safety
of prasugrel [14, 15]. Although there was no significant
difference in Thrombolysis in Myocardial Infarction (TIMI)
major and minor non-coronary artery bypass grafting
(CABG)–related bleeding in these studies, access site bleed-
ing was more frequent with prasugrel compared to clopi-
dogrel [14]. From the pharmacodynamic assessment of
prasugrel, a loading dose (LD) of prasugrel 60 mg resulted
in greater and more consistent inhibition of platelet aggre-
gation than an LD of clopidogrel 600 mg. Also, the main-
tenance dose (MD) of prasugrel 10 mg resulted in a greater
antiplatelet effect than the higher than approved MD of
clopidogrel 150 mg [15].

The results from these two phase II trials lay the founda-
tion for the TRITON-TIMI 38 trial, which was a trial with
13,608 patients with moderate and high-risk ACS and
planned to PCI, randomized to prasugrel (60 mg LD and
10 mg daily MD) or clopidogrel (300 mg LD and 75 mg
daily MD) for a median time of 14.5 months [13••]. Prasu-
grel was associated with a significant reduction of the main
efficacy end point (cardiovascular death, nonfatal MI, or
nonfatal stroke), with an event rate of 12.1 % in the clopi-
dogrel group versus 9.9 % in the prasugrel group (P<
0.001). This was mainly driven by a reduction in MI and
stent thrombosis; no difference was observed in mortality.
The reduction of ischemic end points with prasugrel was
accompanied by a higher incidence of major bleeding (TIMI
major bleeding not related to CABG), occurring in 1.8 % of
the patients in the clopidogrel group versus 2.4 % in the
prasugrel group (hazard ratio [HR] 1.32; 95 % CI, 1.03 to
1.68; P<0.05). Post-hoc analyses showed that the highest
bleeding risk was seen in the elderly (> 75 years), the lean (<
60 kg), and in patients with previous stroke or transient
ischemic attack in whom the net clinical benefit was neutral
or in fact negative for the latter category of patients. In the
ST-elevation ACS cohort of the TRITON-TIMI 38 trial, the
reduction of ischemic events did not seem to be accompa-
nied by an increased risk of bleeding, most likely due to a
slightly lower mean age and overall lower bleeding risk in
this subset of patients [16•]. However, the incidence of

bleeding complications in patients who had CABG surgery
was fourfold higher in patients treated with prasugrel com-
pared to clopidogrel (13.4 % vs 3.2 %; HR 4.73; P<0.001).

Ticagrelor

Ticagrelor was compared with clopidogrel in 18,624
patients with ACS in the multicenter randomized PLATO
study [17••]. The DISPERSE-2 phase II trial assessed the
pharmacodynamics and safety of ticagrelor compared to
clopidogrel [18]. Patients with non-ST-elevation ACS were
randomized to receive ticagrelor 90 mg or 180 mg twice
daily (bd), or clopidogrel 75 mg once daily (od) for up to
12 weeks. The higher (180 mg bd) but not the lower (90 mg
od) ticagrelor dose was associated with higher rates of minor
bleeding compared to clopidogrel. Both the higher and
lower ticagrelor dose achieved higher levels of platelet
inhibition than clopidogrel.

The PLATO trial enrolled a wide spectrum of ACS
patients, both patients with non-ST-elevation ACS treated
invasively or conservatively and ST-elevation ACS patients
undergoing primary PCI and those pretreated with clopidog-
rel. After randomization patients received ticagrelor
(180 mg LD, 90 mg MD bd) or clopidogrel (300 to
600 mg LD, 75 mg MD od). The primary end point, a
composite of cardiovascular death, MI, or stroke at
12 months, occurred in 9.8 % of patients receiving ticagrelor
compared with 11.7 % of those receiving clopidogrel (P<
0.001). This lower event rate for ticagrelor in the primary
end point was driven by lower cardiovascular mortality, MI,
and stent thrombosis rates. Both the primary end point and
cardiovascular mortality showed a progressive reduction
over time with ticagrelor compared to clopidogrel over the
12-month treatment period. Major bleeding, according to
the PLATO study definition (which is similar to major or
minor bleeding according to the TIMI definition), occurred
in 11.6 % of the patients in the clopidogrel group versus
11.2 % in the ticagrelor group (not significant [ns]). When
applying the less bleeding sensitive TIMI non-CABG-
related major bleeding definition retrospectively, the bleed-
ing occurred in 2.2 % versus 2.8 % for clopidogrel and
ticagrelor, respectively.

Recommendations for Antiplatelet Strategies
in Different Patient Categories

Prasugrel and ticagrelor have been tested against clopidog-
rel, but there are no studies directly comparing prasugrel
with ticagrelor in ACS patients. Compared to standard clo-
pidogrel treatment both prasugrel and ticagrelor reduce non-
fatal ischemic outcomes (eg, MI, recurrent ischemic events,
and stent thrombosis), while only ticagrelor has been shown
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to reduce cardiovascular and all-cause mortality. The benefit
of prasugrel over clopidogrel has been proven in an ACS
population undergoing PCI, whereas ticagrelor was found
superior to clopidogrel in an all-comer ACS population—
both patients treated invasively and conservatively Table 1.

Any indirect comparison between prasugrel and ticagre-
lor is impossible because the patient populations and the
clinical setting were very different in TRITON-TIMI 38 and
the PLATO trials. The definitions of ischemic end points
and cardiovascular outcomes are similar in prasugrel and
ticagrelor trials but definitions of bleeding differ consider-
ably. Although both prasugrel and ticagrelor increase the
risk of bleeding compared to standard-dose clopidogrel, the
bleeding profile of ticagrelor seems superior compared to
that of prasugrel due to the faster offset of action.

Patients with non-ST-Elevation ACS Treated with PCI

Both prasugrel and ticagrelor provide greater and faster
platelet inhibition than clopidogrel, irrespective of a 300-
or 600-mg LD and both agents were superior to clopidogrel
in the respective phase III trials. The TRITON trial random-
ized all non-ST-elevation ACS patients after coronary angi-
ography was performed while the PLATO trial randomized
patients as soon as possible after admission and accepted
pretreatment with clopidogrel. At randomization 72 % of the
PLATO population planned to undergo an invasive strategy.
There was a significant reduction of the primary end
point (cardiovascular death, MI, or stroke) at 1 year
with ticagrelor versus clopidogrel (9.0 % vs 10.7 %,
respectively; P00.0025) and a 19 % decrease in all-cause
mortality (P00.01).

Current guidelines recommend that patients with non-ST-
elevation ACS with moderate- to high-risk characteristics
undergo angiography, followed by PCI or CABG if appro-
priate [1]. Compared to clopidogrel, both prasugrel and

ticagrelor reduce ischemic outcomes in these patients and
both agents are recommended over clopidogrel. However,
prasugrel is only recommended if given after angiography
while ticagrelor is recommended also if given prior to angi-
ography and independent of clopidogrel pretreatment [1].

Patients with ST-elevation ACS

Primary PCI is recommended for ST-elevation ACS and
consistent and rapid platelet inhibition is therefore of high
importance. In the ST-elevation ACS subgroup from the
TRITON-TIMI 38 trial (n03534) study drug was given
prior to PCI in approximately 30 % of the population. At
30 days, the primary composite end point of cardiovascular
death, nonfatal MI, or nonfatal stroke occurred in 9.5 % of
clopidogrel-treated patients compared to 6.5 % of prasugrel-
treated patients (P00.0017) and the difference continued
over 15 months [16•]. The difference was nominally greater
in patients undergoing secondary PCI. No difference was
seen in bleeding at 30 days or 15 months in this overall
lower-risk subpopulation. In the PLATO trial, patients with
ST-elevation ACS (ST-elevation or left bundle branch
block) treated with ticagrelor had a 13 % relative reduction
of the primary end point (MI, stroke, or cardiovascular
death) compared to those treated with clopidogrel (10.8 %
vs 9.4 %, P00.07) [19] with no increase in overall major
bleeding event. The results were consistent with those from
the overall trial.

The primary end point was similar in both trials. In the
PLATO trial the cardiovascular death rates were consider-
ably higher (4.5 % vs 5.5 % for ticagrelor and clopidogrel)
than in the TRITON-TIMI 38 trial (2.4 % vs 3.4 % for
prasugrel and clopidogrel). This mortality difference has
been much debated and could be attributable to the relative-
ly high proportion of patients with left bundle branch block
in PLATO not enrolled in TRITON-TIMI 38 and a large

Table 1 Recommendations for
subgroups of patients with coro-
nary disease

ACS acute coronary syndrome;
CABG coronary artery bypass
grafting; hs high-sensitivity; PCI
percutaneous coronary interven-
tion; STE ST-elevation; STEMI
ST-elevation myocardial
infarction.

Indication Clopidogrel:
low dose

Clopidogrel:
high dose

Prasugrel Ticagrelor

Elective PCI +

ACS conservative strategy + ++

ACS PCI planned + + (After angiography) ++

ACS hs-troponin negative +

Non STE ACS + (After angiography) ++

STEMI + ++ ++

ACS diabetes ++ ++

ACS renal failure + ++

ACS CABG likely ++

ACS prior stroke ++

ACS prior intracerebral bleed +

ACS frail patients (+)
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proportion of patients in PLATO not undergoing PCI during
the index hospitalization.

In patients with ST-elevation ACS undergoing primary
PCI both prasugrel and ticagrelor are recommended over
clopidogrel, which should be given only if any of the newer
agents are contraindicated or unavailable and with an LD of
600 mg followed by 150 mg daily the first week.

Patients with ACS Treated Conservatively

Despite guideline recommendations in non-ST-elevation
ACS, in real life many patients are initially treated medical-
ly. In the PLATO trial 5216 out of 18,624 patients (28 %)
were at randomization planned for noninvasive treatment.
These patients were older, and more often of the female
gender and had hypertension and diabetes than patients
planned for invasive treatment. In this high-risk subgroup
of patients with a higher mortality than those treated inva-
sively, the benefits with ticagrelor over clopidogrel were
consistent with the overall PLATO study results [20•]. Tica-
grelor was associated with a relative risk reduction of 15 %
(12.0 % [n0295] vs 14.3 % [n0346]; P00.04) of the pri-
mary end point and was also very effective in reducing
overall mortality (2.1 % absolute and 25 % relative risk
reduction) compared to clopidogrel.

In TRITON-TIMI 38 invasive treatment was one of the
inclusion criteria and no data are available in this ACS
population. The ongoing TRILOGY ACS trial compares
aspirin co-administered with clopidogrel (300 mg LD,
75 mg MD) or prasugrel (30 mg LD, 5 or 10 mg MD [based
upon weight and age]) in patients with unstable angina or
non-ST-elevation ACS who are medically managed [21].
Until the results from this trial are available the role of
prasugrel in medically managed non-ST-elevation patients
remain uncertain.

Patients with ACS Undergoing CABG

In the PLATO trial 10 % of patients underwent CABG post-
randomization (1899 of 18,624), of which 1261 patients
received study drug within 7 days before surgery. Both the
primary end point, total and cardiovascular mortality were
substantially reduced with ticagrelor without increased
CABG-related bleeding [22•]. In a recent presented blinded
review, ticagrelor when compared to clopidogrel was more
commonly associated with fewer cardiac, bleeding, or in-
fectious complications that directly caused or contributed to
death following CABG [23].

In the TRITON-TIMI 38 trial scheduled PCI was man-
dated by protocol but a small group of 346 patients under-
went isolated CABG and received study drug. For prasugrel
there was an increase in observed bleeding rate and chest
tube output. Nonetheless, prasugrel was associated with a

lower rate of death in patients undergoing CABG if study
drug was discontinued for 1 or more days prior to surgery
but similar if CABG was performed before study drug was
discontinued [24].

To limit the risk of bleeding cessation of ticagrelor,
prasugrel and clopidogrel are recommended 5 to 7 days
prior to surgery in current guidelines and drug labeling. In
the PLATO trial ticagrelor discontinuation was accepted 24
to 72 h prior to CABG due to a faster offset of platelet
inhibition.

Considerations in the ACS Patient with Renal Impairment,
Diabetes, or High Bleeding Risk

Patients with diabetes have a higher event rate and a higher
proportion of nonresponders to clopidogrel. The reduction
of the primary end point by prasugrel versus clopidogrel in
the TRITON trial was numerically greater in patients with
diabetes (12.2 % vs 17.0 %; HR 0.7; P<0.001) versus no
diabetes but the interaction term was ns [25]. The reduction
of the primary end point by ticagrelor versus clopidogrel
(14.1 % vs 16.2 %; HR 0.88; P0ns) in patients with diabetes
was consistent with the overall trial results [26]. In patients
with hemoglobin A1c greater than 6.0 % the reduction was
significant: 11.4 % versus 14.2 %, HR 0.80 (0.70–0.91).
Therefore, diabetes mellitus constitutes a high-risk group
with a stronger indication for more potent antithrombotic
therapy.

ACS patients with renal impairment are common and
they are at high risk of both ischemic and bleeding compli-
cations. The numerical absolute (and relative) reduction of
the primary outcome variable and total mortality of ticagre-
lor compared to clopidogrel was 4.7 % (23 %) and 4.0 %
(28 %) in patients with chronic renal failure compared to
1 % (10 %) and 0.5 % (11 %) in patients with normal renal
function [27]. The reduction of the primary end point and
total mortality tended to increase with poorer renal function
from 100 to 30 mL/min with no additional increased risk of
major bleeding. Therefore, ticagrelor appears to be particu-
larly indicated without dose reduction in patients with re-
duced renal function.

Both prasugrel and ticagrelor increase risk of bleeding
event compared with clopidogrel and the bleeding risk
increases with the duration of therapy. Most of the bleeding
events in TRITON and PLATO were gastrointestinal which
is why proton pump inhibitors should be used liberally with
prasugrel and with ticagrelor. Prasugrel should not be used
in patients with a history of prior stroke due to a negative net
clinical gain. The benefit of ticagrelor versus clopidogrel for
reduction of the primary end point and mortality was con-
sistent with the overall trial in patients with prior stroke.

Prasugrel should be used with caution (5 mg recommen-
ded) in patients with high age (>75 years) or low body
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weight (<60 kg) due to higher bleeding risk. For ticagrelor
there is no such increase in bleeding risk. None of the agents
should be used in patients with a history of intracerebral
bleeding. In frail patients with perceived very high bleeding
risk, clopidogrel or aspirin single therapy should be
considered.

Conclusions

The novel more potent P2Y12 receptor inhibitors prasugrel
and ticagrelor provide significant improvement of outcome
in patients with ACS but with an increased risk of bleeding
events not associated with CABG. Patients with ST-
elevation ACS benefit with reduction of event rates and
mortality with both prasugrel and ticagrelor. In non-ST-
elevation ACS patients treated with PCI there seems to be
benefit in reduction of ischemic events with ticagrelor and
prasugrel. However, prasugrel is only studied in a treatment
setting of initiation of therapy after coronary angiography.
Conservatively treated ACS patients, included only in
PLATO, derive a considerable benefit from ticagrelor. Also,
in the case of CABG, a likely treatment alternative, ticagre-
lor, is preferable over prasugrel.
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