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INTEGRATING PLATELET FUNCTION TESTING INTO CLINICAL PRACTICE

Current Options in Oral
Antiplatelet Strategies During
Percutaneous Coronary
Interventions
Udaya S. Tantry, PhD, Paul A. Gurbel, MD
Sinai Center for Thrombosis Research, Sinai Hospital of Baltimore, Baltimore, MD

Dual antiplatelet therapy (DAPT) with aspirin and a P2Y12 receptor blocker is the
standard of care to prevent recurrent ischemic event occurrence in patients undergoing
percutaneous intervention. Glycoprotein IIb/IIIa receptor inhibitors are used in addition
to DAPT in the highest-risk clinical settings. The persistent occurrence of ischemic
events in the presence of DAPT and the irrefutable demonstration of clopidogrel
response variability are two potent arguments against the widely practiced nonselective
or “one-size-fits-all” strategy of administering clopidogrel therapy and provides a strong
rationale for monitoring clopidogrel therapy. New, potent P2Y12 inhibitors such as
prasugrel and ticagrelor are associated with greater platelet inhibition, faster onset
of action, and better overall clinical outcomes compared with clopidogrel, but are
associated with more non–surgery-related bleeding than clopidogrel. The inhibition
of the platelet thrombin receptor may provide additional benefits in attenuating
ischemic event occurrence in selected high-risk patients treated with DAPT.
[Rev Cardiovasc Med. 2011;12(suppl 1):S4-S13 doi: 10.3909/ricm12S1S0002]

© 2011 MedReviews®, LLC

Key words: Antiplatelet agents • Aspirin • Thienopyridines • Percutaneous
coronary intervention • Ticagrelor • PAR1 inhibitors • GP IIb/IIIa inhibitors

Percutaneous coronary intervention (PCI) has revolutionized the treatment of
patients with coronary artery disease (CAD) and ischemic complications. The
occurrence of acute ischemic events in CAD patients is primarily attributed

to thrombus development at the site of plaque rupture, leading to a severe flow-
limiting stenosis or complete occlusion of the coronary artery. In addition, down-
stream embolization of thrombotic material from the lesion contributes signifi-
cantly to the pathophysiology underlying acute coronary syndromes (ACS).
Moreover, percutaneous balloon angioplasty and coronary arterial stenting cause
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extreme vessel wall injury and rupture
atherosclerotic plaques; in fact, these
procedures are among the most po-
tent thrombogenic stimuli delivered
to an arterial vessel wall.1 After injury,
the subendothelial matrix is exposed
and platelet adhesion is promoted.
Platelets are activated by the binding
of collagen and von Willebrand factor
(vWF) to specific membrane receptors.
Thrombin generated by exposed tissue
factor is also a major platelet agonist.
Following platelet activation by these
primary agonists, two important sec-
ondary agonists are released from
platelets: thromboxane A2 (TxA2) and
adenosine diphosphate (ADP). Cy-
clooxygenase (COX)-1 converts
arachidonic acid (originating from
platelet membrane phospholipids) to
prostaglandin (PG) H2, and PGH2 is
subsequently converted to TxA2 by
platelet Tx synthase. ADP is secreted
from platelet dense granules.2,3 Al-
though TxA2 and ADP act synergisti-
cally during platelet aggregation, the
ADP–P2Y12 receptor interaction plays
a central role in sustaining the activa-
tion of glycoprotein (GP) IIb/IIIa recep-
tors by amplifying the response to ago-
nists leading to stable platelet-rich
thrombus generation at the site of
vessel wall injury.1 Therefore, simul-
taneous inhibition of the COX-1 path-
way by aspirin and the P2Y12–ADP
interaction by P2Y12 receptor blockers
has been shown to be effective in re-
ducing the incidence of ischemic
event occurrence in a wide range of
ACS trials and also in elective patients
treated with stents2 (Figure 1). Given
the pivotal role of the platelet in

ischemic event occurrence during and
after PCI, optimization of antiplatelet
therapy in both the periprocedural

and long-term settings is of great
importance.2

Aspirin
Aspirin remains the bedrock of both
periprocedural and long-term (ie,
lifelong) antiplatelet therapy in pa-
tients treated with PCI. The an-
tithrombotic property of aspirin is
primarily attributed to irreversible
acetylation of the platelet COX-1 en-
zyme. Subsequently, the generation
of TxA2 and TxA2-induced platelet
aggregation is inhibited.3 A meta-
analysis of secondary prevention
studies in post-myocardial infarction
(MI) patients showed significant

reductions in serious vascular events
(21%), nonfatal MI (29%), coronary
heart disease-related death (13%),

vascular death (13%), and major
coronary events (20%) in patients
treated with aspirin.4

The optimal aspirin dose remains
controversial. In a meta-analysis, sim-
ilar clinical efficacy was observed with
daily aspirin doses between 75 and
1500 mg. However, there was a 50%
reduction in efficacy with doses
� 75 mg.5 In the recent Clopidogrel
Optimal Loading Dose Usage to Re-
duce Recurrent Events–Organization
to Assess Strategies in Ischemic
Syndromes (CURRENT-OASIS) 7 trial,
patients with ACS were randomly
assigned in a 2 � 2 factorial design to
high- versus low-dose clopidogrel
regimens and high- versus low-dose
aspirin regimens. There were no sig-
nificant differences in the 30-day
outcome of cardiovascular death, MI,
or stroke, and no differences in
major bleeding between 75 to
100 mg and 300 to 325 mg daily as-
pirin regimens. Interestingly, the
lowest event rate in the PCI cohort

Given the pivotal role of the platelet in ischemic event occurrence during and
after percutaneous coronary intervention, optimization of antiplatelet therapy
during both the periprocedural and long-term settings is of great importance.
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Figure 1. Options in oral antiplatelet therapy during PCI. ADP, adenosine diphosphate; GP, glycoprotein; PAR1,
protease-activated receptor-1; PCI, percutaneous coronary intervention; TF, tissue factor; TxA2, thromboxane A2;
vWF, von Willebrand factor.
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was observed in patients who were
treated with double-dose clopidogrel
and high-dose aspirin (3.5% for
high-dose aspirin � double-dose
clopidogrel; 4.8% for high-dose as-
pirin � standard-dose clopidogrel;
4.2% for low-dose aspirin � stan-
dard-dose clopidogrel).6

The recommended aspirin mainte-
nance doses are listed in Table 1. The
most common side effect of aspirin
treatment is gastrointestinal intoler-
ance.2 In patients who are allergic to
aspirin or who cannot tolerate aspirin,
clopidogrel treatment is recom-
mended. There is a strong rationale

for concomitant use of aspirin even
if other antithrombotic drugs, such
as clopidogrel or warfarin, are ad-
ministered. Withdrawal or discontin-
uation of aspirin has been associated
with recurrent ischemic event occur-
rence, including stent thrombosis.
Concomitant administration of non-
steroidal anti-inflammatory drugs
(NSAIDs) with aspirin should be
avoided, if possible, because NSAIDs
(particularly ibuprofen) affect the
access of aspirin to its binding site
within COX-1. Either alternative
NSAIDs or administration of ibupro-
fen should be delayed at least

30 minutes after immediate-release
aspirin administration or at least
8 hours before aspirin administration.
It has been suggested that selected
patients with conditions associated
with high platelet reactivity, such as
ACS and diabetes, may require
higher doses of aspirin.2

Aspirin Resistance
A major controversy associated with
aspirin therapy is resistance. Aspirin
therapy at 81 to 325 mg/d is associ-
ated with more than 90% inhibition
of COX-1 as indicated by serum TxB2

levels and supported by low levels of
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Table 1
2011 ACCF/AHA Focused Update Incorporated Into the ACC/AHA 2007 Guidelines for the 

Management of Patients With UA/NSTEMI

Drug Initial Medical Pts Received Pts Did Not Receive After PCI At Hospital
Treatment Initial Medical Initial Medical Discharge

Treatment Treatment

Aspirin 162-325 mg 
nonenteric 
formulation,
orally or chewed

Clopidogrel 300-600 mg oral 
LD; 75 mg/d oral
MD

Prasugrel

ACC, American College of Cardiology; ACCF, American College of Cardiology Foundation; AHA, American Heart Association; BMS, bare-metal stent; DES, 
drug-eluting stent; LD, loading dose; MD, maintenance dose; NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary 
intervention; PES, paclitaxel-eluting stent; pts, patients; SES, sirolimus-eluting stent; UA, unstable angina.

Reprinted with permission from Wright RS et al.2

162-325 mg 
nonenteric formulation,
orally or chewed

300-600 mg oral LD;
75 mg/d for at least 
1 mo and ideally up
to 1 y for BMS; 75
mg/d for at least 1 y
(in pts not at high risk
of bleeding) for DES

60-mg LD promptly
and no later than 1 h
after PCI

No additional 
treatment

A second LD of 
300 mg orally may be
given to supplement a
prior LD of 300 mg

162-325 mg/d
should be given for
at least 1 mo after
BMS implantation, 
3 mo after SES 
implantation, and 
6 mo after PES 
implantation, after
which chronic 
aspirin should be
continued indefinitely
at a dose of 75-162
mg/d

300-600 mg oral LD;
75 mg/d for at least
1 mo and ideally up
to 1 y for BMS; 75
mg/d for at least 1 y
(in pts not at high
risk of bleeding) for
DES

10 mg for at least 
12 mo (in pts who
are not at high risk
of bleeding)

162-325 mg/d
should be given for
at least 1 mo after
BMS implantation,
3 mo after SES 
implantation, and 
6 mo after PES 
implantation, after
which chronic 
aspirin should be
continued indefi-
nitely at a dose of
75-162 mg/d
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arachidonic acid-induced platelet ag-
gregation. Therefore, the prevalence
of aspirin resistance as measured by
COX-1 activity is � 10%.7 However,
higher prevalences of aspirin resis-
tance reported in the literature may
be due to analyses by laboratory
methods affected by non–COX-1
pathways.3,7 In addition, noncompli-
ance, concomitant administration of
NSAIDs, and conditions such as dia-
betes or postsurgery complications
can all influence the prevalence of
aspirin resistance. Currently, labora-
tory assessment of aspirin resistance
or the alteration of aspirin therapy
based on laboratory findings is not
recommended.3

In stable CAD patients treated with
aspirin it was reported that high
platelet reactivity to arachidonic

acid, identified by the VerifyNow
P2Y12 Assay® (Accumetrics, San
Diego, CA), was also accompanied by
increased reactivity to other impor-
tant platelet agonists as measured by
aggregometry independent of fib-
rinogen and vWF levels. These obser-
vations suggested that the VerifyNow
P2Y12 Assay may identify a general-
ized high platelet reactivity pheno-
type, and it may prove useful for the
identification of patients at increased
risk for thrombotic events.8 In sup-
port of these findings, Lev and col-
leagues9 reported that the prevalence
of aspirin resistance was approxi-
mately 13% in elective PCI patients
treated with dual antiplatelet therapy
(DAPT) and that approximately 50%
of these aspirin- resistant patients
were also resistant to clopidogrel.9

Similarly, in a subanalysis of the Do

Point-of-Care Platelet Function As-
says Predict Clinical Outcomes in
Clopidogrel Pre-Treated Patients Un-
dergoing Elective PCI (POPULAR)
study, on-treatment platelet reactivity
was measured in parallel by ADP- and
arachidonic acid-induced light trans-
mittance aggregometry (n � 921) and
VerifyNow (P2Y12 and aspirin assays;
n � 422) in patients on DAPT under-
going elective stent implantation.10

The prevalence of dual antiplatelet re-
sistance varied between 14.7% and
26.9%, depending on the platelet
function test used, and dual an-
tiplatelet resistance was highly associ-
ated with the occurrence of an
adverse clinical outcome. Taken
together, the above studies suggest
that a generalized high platelet reac-
tivity phenotype indicated by the

VerifyNow P2Y12 Assay is an impor-
tant indicator of risk in the PCI pa-
tient. Two meta analyses have demon-
strated an association between aspirin
responsiveness according to various
methodologies and clinical out-
comes11,12; future studies may provide
further clarification regarding the role
of measuring aspirin responsiveness in
clinical practice.

Clopidogrel
Clopidogrel is the most widely stud-
ied P2Y12 receptor blocker in patients
undergoing PCI (Table 2). In the PCI-
Clopidogrel in Unstable Angina to
Prevent Recurrent Events (PCI-
CURE) study, a subset analysis of  the
CURE trial involving 2658 patients,
pretreatment with clopidogrel for a
median of 6 days before PCI was
associated with a 30% relative risk

reduction (RRR) in the cumulative
incidence of cardiovascular death,
MI, or urgent target vessel revascu-
larization at 28 days and a 31% RRR
in 1-year cardiovascular death or
MI.13 In the Clopidogrel for Reduc-
tion of Events During Observation
(CREDO) trial involving patients un-
dergoing elective PCI, the combined
benefit of pretreatment and pro-
longed clopidogrel therapy up to
1 year was associated with a 26.9%
RRR in the combined primary end-
point of death, MI, and stroke com-
pared with treatment with aspirin
alone (P � .02).14 The results of PCI-
CURE and CREDO trials supported a
long-term strategy of P2Y12 blockade
on top of COX-1 blockade. At least 1
year of DAPT is now the standard of
care for the ACS patient and follow-
ing drug-eluting stent implantation.

The PCI-Clopidogrel as Adjunctive
Reperfusion Therapy (PCI-CLARITY)
study examined 57% of the patients
with ST-segment elevation MI
(STEMI) from the Clopidogrel as Ad-
junctive Reperfusion Therapy-
Thrombolysis in Myocardial Infarc-
tion (CLARITY-TIMI) 28 trial who
underwent PCI and showed that
clopidogrel pretreatment was
associated with a 46% reduction in
the odds of cardiovascular death, re-
current MI, or stroke within 30 days
with no significant increase in the
incidence of bleeding complications.
This benefit was observed regardless
of GP IIb/IIIa inhibitor treatment or
a loading dose of open-label clopido-
grel at the time of PCI.15

Pharmacodynamic studies indi-
cated that a 300-mg clopidogrel load-
ing dose was associated with a slow
onset of action and wide response
variability. Importantly, an absence
of inhibition (resistance, based on
5 �M ADP-induced aggregation) was
demonstrated at 24 hours and 5 days
following nonemergent coronary
stenting in 31% of patients; it was

In stable coronary artery disease patients treated with aspirin it was re-
ported that high platelet reactivity to arachidonic acid, identified by the
VerifyNow P2Y12 Assay, was also accompanied by increased reactivity
to other important platelet agonists as measured by aggregometry inde-
pendent of fibrinogen and von Willebrand factor levels.
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15% at 30 days.16 In multiple studies
of patients undergoing PCI, high
on-treatment platelet reactivity
(HTPR) was associated with an in-
creased risk of ischemic event occur-
rence. Further studies demonstrated
that a 600-mg clopidogrel load
was associated with greater platelet
inhibition.17

In the CURRENT-OASIS 7 trial of
patients with ACS there were no
benefit of double-dose clopidogrel
(600 mg day 1, 150 mg days 2-7, fol-
lowed by 75 mg/d) in the overall pop-
ulation (n � 25,086) compared with
standard-dose clopidogrel (300 mg
day 1 followed by 75 mg/d).18 How-
ever, in an analysis of patients who
underwent PCI (n � 17,263), double-
dose clopidogrel therapy was associ-
ated with a 14% reduction in the rate
of the primary outcome and a 46%
reduction in the secondary outcome
of definite stent thrombosis. In addi-
tion, more major bleeding (1.6% vs
1.1%, hazard ratio [HR] 1.41, 95%
confidence interval [CI], 1.09-1.83;
P � .009) was seen in the group
treated with double-dose clopidogrel
in the PCI cohort.7

In the Gauging Responsiveness
With a VerifyNow Assay-Impact on
Thrombosis and Safety (GRAVITAS)
trial, patients with HTPR undergo-
ing elective coronary artery stent-
ing were treated with either a 600-
mg extra loading dose followed by
twice the standard dose of clopido-
grel maintenance therapy or
standard-dose clopidogrel therapy
for 6 months. High-dose clopido-
grel treatment was ineffective in
reducing the 6-month composite is-
chemic event occurrence (cardio-
vascular death, nonfatal MI, and
stent thrombosis); both HTPR
groups had an unexpectedly low
event rate (2.3%).19 These data sug-
gested that high-dose clopidogrel is
not an optimal strategy to combat
HTPR and that more potent P2Y12

receptors may provide a better
option, particularly in high-risk pa-
tients undergoing coronary artery
stenting.20

Currently available evidence sup-
ports the concept of a threshold for
on-treatment platelet reactivity to
ADP in patients treated with DAPT
that may be used to stratify patient
risk for ischemic/thrombotic events
following PCI, including stent
thrombosis. In a recent white
paper, it was stated that platelet
function testing may be considered
in determining an antiplatelet strat-
egy in patients with a history of
stent thrombosis and in patients
prior to undergoing high-risk PCI.
Similarly, in the 2011 American
College of Cardiology Foundation/
American Heart Association (AHA)
Focused Update Incorporated Into
the American College of Cardiology/
AHA 2007 Guidelines for the
Management of Patients With Un-
stable Angina/Non–ST-Elevation
Myocardial Infarction, the Class IIb
recommendation for personal-
ized antiplatelet therapy states that
platelet function testing to deter-
mine platelet inhibitory response
in patients with unstable angina/
non-STEMI (or after ACS and PCI)
on thienopyridine therapy may be
considered if results of testing may
alter management (Class IIb, Level
of Evidence B).2

Prasugrel
Prasugrel, the third-generation
thienopyridine, is associated with
greater active metabolite genera-

tion, a more rapid onset of action,
less response variability, a lower
prevalence of nonresponsiveness,
and greater inhibition of ADP-

induced platelet aggregation com-
pared with clopidogrel. Moreover,
carriage of CYP2C19 loss-of-func-
tion alleles did not significantly in-
fluence active metabolite genera-
tion or pharmacodynamic effects
during prasugrel therapy, whereas
carriage negatively influenced both
of these effects during clopidogrel
therapy. In the Trial to Assess Im-
provement in Therapeutic Out-
comes by Optimizing Platelet Inhi-
bition with Prasugrel-Thrombolysis
in Myocardial Infarction (TRITON-
TIMI) 38 trial, patients with ACS
undergoing PCI treated with prasug-
rel (60 mg load � 10 mg/d mainte-
nance) plus aspirin (75-162 mg/d)
had a 19% reduction (9.9% vs
12.1%, HR, 0.81; P � .0004) in the
primary composite endpoint of car-
diovascular death, nonfatal MI, and
nonfatal stroke at a median 14.5-
month follow-up when compared
with patients treated with clopido-
grel (300 mg load � 75 mg/d main-
tenance) plus aspirin. However,
prasugrel therapy was associated
with a significantly increased oc-
currence of key safety endpoint of
TIMI major bleeding not related to
coronary artery bypass graft (CABG;
2.4% vs 1.8%; P � .03). A mainte-
nance dose to 5 mg has been ap-
proved by the US Food and Drug
Administration (FDA) for patients
� 60 kg. These patients are at
increased risk of bleeding during
therapy with the standard prasugrel
maintenance dose. It is important to
note that the effectiveness and safety
of the 5-mg dose has never been

confirmed in a prospective trial.
Prasugrel is contraindicated in
patients with active pathologic
bleeding or a history of transient

Prasugrel is contraindicated in patients with active pathologic bleeding or a
history of transient ischemic attack or stroke.
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ischemic attack or stroke. In patients
aged � 75 years, prasugrel is gener-
ally not recommended because of
the increased risk of fatal and in-
tracranial bleeding. It is recom-
mended not to start prasugrel ther-
apy in patients likely to undergo
urgent CABG. When possible, pra-
sugrel should be discontinued
at least 7 days before any surgery.
Finally, in 80% of patients in the
TRITON-TIMI 38 trial without the
three demographic characteristics
specified above, prasugrel treat-
ment was associated with a signifi-
cant net clinical benefit. Another
important finding of TRITON-TIMI
38 trial was a 52% reduction in the
occurrence of stent thrombosis in
the prasugrel-treated group and a
marked reduction in the primary
endpoint in patients with diabetes
that was not associated with a
bleeding hazard. The benefit of pra-
sugrel was also marked in patients
presenting with STEMI.21

Ticagrelor
Ticagrelor, a cyclopentyl triazolopy-
rimidine derivative, is a new oral, re-
versibly binding, direct-acting P2Y12

inhibitor. Ticagrelor therapy has been
associated with a much more rapid
onset of action, a greater level of
inhibition that persisted during main-
tenance therapy, and a more rapid
offset of pharmacodynamic action
when compared with clopidogrel.22

Ticagrelor therapy has also been
associated with greater platelet inhibi-
tion compared with clopidogrel in
both clopidogrel responders and non-
responders. Ticagrelor was extremely
effective in reducing the prevalence of
high platelet reactivity within 30 min-
utes of administration.23

The Platelet Inhibition and Patient
Outcomes (PLATO) trial was a ran-
domized, multicenter, double-blind
study designed to evaluate the efficacy
of ticagrelor (180-mg load � 90 mg
twice daily maintenance) compared
with clopidogrel (300-600 mg load �
75 mg/d maintenance) for the pre-
vention of vascular events and death
in patients with ACS treated with a
broad spectrum of therapies. The pri-
mary efficacy endpoint of the trial
was significantly reduced by tica-
grelor compared with clopidogrel at
30 days (4.8% vs 5.4%; P � .045) and
the superiority of ticagrelor was
maintained throughout 12 months
with a 16% RRR (9.8% vs 11.7%, re-
spectively; P � .001). Between tica-
grelor- and clopidogrel-treated pa-
tients, there were no differences in
the primary safety endpoint of major
bleeding rate as defined by either the
study protocol (ticagrelor 11.6% vs
clopidogrel 11.2%; P � .43) or TIMI
criteria (7.9% vs 7.7%; P � .57); there
was also no difference in the rates of
CABG-related bleeding. The most re-
markable observation of the PLATO
trial was a significant and consistent
reduction in mortality. Ventricular
pauses of at least 3 seconds and dysp-
nea were more common during
ticagrelor therapy compared with
clopidogrel, and increases in serum
uric acid and creatinine were also ob-
served.24 Although major bleeding
did not differ between groups in the

overall population, non–CABG-
related TIMI major bleeding and
PLATO major bleeding were greater
in the ticagrelor group. Among the
72.0% of patients in the PLATO trial
managed with an invasive strategy,
ticagrelor therapy was associated
with a 16.0% reduction in the 1-year

primary composite endpoint com-
pared with clopidogrel therapy (9.0%
vs 10.7%; P � .002) and there was no
difference in the rates of total major
bleeding (11.6% vs 11.5%; P � .88) or
severe bleeding, as defined according
to the Global Use of Strategies to
Open Occluded Coronary Arteries
(GUSTO), (3.2% vs 2.9%; P � .37). Fur-
thermore, all-cause mortality (3.9% vs
5.0%; P � .013) and MI (5.3% vs
6.6%; P � .0023) were reduced by
ticagrelor versus clopidogrel, respec-
tively. Finally, the ticagrelor benefit re-
mained significant irrespective of the
total clopidogrel loading dose re-
ceived either before randomization or
24 hours following study enrollment.
Both primary efficacy endpoint
events, as well as stent thrombosis,
were significantly reduced by tica-
grelor whether subjects received a
� 600 mg or � 600 mg clopidogrel
loading dose within 24 hours before
or after study enrollment.25

Cangrelor
Cangrelor, an adenosine triphos-
phate (ATP) analogue, exhibits phar-
macodynamic characteristics that
are very appealing to the interven-
tional cardiologist. Cangrelor is a po-
tent (� 90% inhibition), parenteral,
direct-acting, reversible, P2Y12 in-
hibitor with very rapid onset and off-
set pharmacodynamics (within min-
utes). In the Cangrelor versus
Standard Therapy to Achieve Opti-
mal Management of Platelet
Inhibition (CHAMPION) PCI trial con-
ducted in patients undergoing PCI,
there was no difference in the pri-
mary endpoint (a composite of
death, MI, or ischemia-driven revas-
cularization at 48 hours) between
cangrelor and clopidogrel admin-
istrations (7.5% vs 7.1%, odds
ratio � 1.05; P � .59) and also no
statistically significant difference
in the rate of stent thrombosis at
48 hours or in the combined

Oral Antiplatelet Strategies During Percutaneous Coronary Interventions continued
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Ticagrelor was extremely effective in reducing the prevalence of high platelet
reactivity within 30 minutes of administration.
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ischemic endpoint at 30 days.26

In the CHAMPION-PLATFORM trial,
there was a nonsignificant 13% RRR in
the cumulative incidence of death, MI,
or ischemia-driven revascularization at
48 hours, and a significant reduction
in the secondary endpoints of all-cause
death and stent thrombosis associated
with cangrelor infusion compared
with placebo in patients (n � 5326)
with non–ST-elevation ACS who had
undergone diagnostic angiography.27

Elinogrel 
Elinogrel is a direct-acting, reversible
P2Y12 receptor antagonist. It is a first-
in-class sulfonylurea that may be ad-
ministered either intravenously or
orally. Platelet inhibition by elinogrel
occurs irrespective of clopidogrel re-
sponse status and genotype.28 The
choice of both parenteral and oral ad-
ministration may facilitate a smooth
transition from immediate to long-
term therapy. In the recent phase II In-
travenous and Oral Administration of
Elinogrel to Evaluate Tolerability and
Efficacy in Nonurgent PCI Patients
(INNOVATE-PCI) trial, parenteral and
oral elinogrel administration were as-
sociated with more rapid and greater
platelet inhibition compared with
standard doses of clopidogrel. Bleed-
ing and ischemic event occurrence ap-
peared similar between treatment
strategies.29 A larger investigation of
elinogrel is planned in high-risk CAD
patients.

Thrombin Receptor
Antagonists
The inhibition of the thrombin-
protease-activated receptor 1 (PAR1)
interaction may provide additional
benefits in attenuating ischemic
event occurrence in selected high-
risk patients treated with DAPT.
Two major PAR1 blockers are under
investigation: vorapaxar and atopaxar.
These agents are associated with
selective and marked inhibition of

thrombin-induced platelet activa-
tion and aggregation.30 In a ran-
domized, double-blind, placebo-
controlled, dose-ranging phase II
study, patients undergoing nonur-
gent PCI or coronary angiography
with planned PCI were treated with
vorapaxar or matching placebo in
addition to aspirin plus clopidogrel.
Vorapaxar was not associated with
an increase in the primary end-
point of clinically significant TIMI
major or minor bleeding compared
with placebo (2.8% vs 3.3%;
P � .77). In addition, there was a
nonsignificant reduction in the sec-
ondary efficacy endpoint of 60-day
death or major cardiovascular
events (32% overall) and a 41%
overall reduction in MI compared
with placebo. Moreover, the 40-mg
vorapaxar loading dose was associ-
ated with a more pronounced re-
duction in major cardiovascular
events and MI (46% and 52%, re-
spectively).31 However, the recent
recommendations of the combined
Data and Safety Monitoring Board
for the two phase III vorapaxar
studies were to 1) discontinue the
drug and to close out the ACS
(Thrombin Receptor Antagonist for
Clinical Events Reduction [TRACER])
trial, and 2) to discontinue therapy
in patients with stroke enrolled in
the secondary prevention trial
(TRA-2P) because of concerns re-
garding intracranial bleeding. The
decisions suggest that the data from

phase II did not reveal important
limitations of long-term potent
PAR1 inhibitor therapy. In phase II
studies it was demonstrated that
atopaxar was associated with signif-

icantly reduced early ischemia on
Holter monitoring without a signif-
icant increase in major or minor
bleeding in patients with ACS and
in patients with CAD. In patients
with high-risk CAD, atopaxar was
associated with marked inhibition
of thrombin receptor-activating
peptide-stimulated platelet aggre-
gation, more minor bleeding, and
numerically fewer ischemic events,
although further studies are
warranted to confirm these
findings.32,33

Cilostazol
Cilostazol is a quinolone derivative
that inhibits phosphodiesterase-3 in
both platelet and vascular smooth
muscle cells, thus increasing cyclic
adenosine monophosphate levels.
In addition, cilostazol inhibits
adenosine reuptake and may poten-
tiate the inhibitory effect of adeno-
sine in vivo.34 It is believed that
these properties may be important
in explaining the enhancement of
PI when added to clopidogrel and
aspirin therapy. In patients under-
going stenting with high platelet re-
activity after a 300-mg clopidogrel
loading dose, the addition of
cilostazol to 75 mg/d of clopidogrel
for 30 days was associated with a
lower prevalence of high platelet re-
activity compared with patients
treated with 150 mg/d of clopido-
grel.35 In a recent retrospective
study involving 4203 patients with

STEMI who underwent primary PCI,
triple antiplatelet therapy was asso-
ciated with a significant reduction
in in-hospital mortality but a simi-
lar incidence of major bleeding

In a recent retrospective study involving 4203 patients with ST-segment elevation
myocardial infarction who underwent primary percutaneous coronary intervention,
triple antiplatelet therapy was associated with a significant reduction in in-hospital
mortality but a similar incidence of major bleeding events.
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events. In addition, there was a sig-
nificant reduction in the 8-month
incidence of cardiac and total death
and total major adverse cardiac
events with triple antiplatelet ther-
apy compared with DAPT.36 At this
time, cilostazol is approved by the
FDA only for treatment of intermit-
tent claudication.

Conclusions
Despite well established clinical
benefits in patients with high-risk
CAD, clopidogrel therapy is also as-
sociated with numerous limitations,
including resistance and response
variability, HTPR associated with
increased risk for ischemic event
occurrence, influences of genotype
and concomitant pharmacotherapy
on pharmacodynamic effects, and
slow onset of effect and irreversible
inhibition.4,7 The new P2Y12 in-
hibitors overcome many of these
limitations and are definite advance-
ments in the pharmacotherapy for
the PCI patient. However, their use is
also associated with limitations.
Importantly, both prasugrel and
ticagrelor are associated with more
non-CABG bleeding than clopido-
grel. Moreover, despite the advances

in DAPT, recurrent ischemic event
occurrences (� 10% incidence) remain
high. Novel antiplatelet agents tar-
geting the platelet thrombin recep-
tor, PAR1, are in development and
may enhance the antithrombotic
efficacy of DAPT with aspirin and
P2Y12 receptor blockers in the se-
lected PCI patient. Moreover,
clopidogrel is clearly pharmacody-
namically effective in the majority of
patients (at least two-thirds of the
PCI population). Therefore, it may
be cost effective to personalize an-
tiplatelet therapy based on platelet
function testing and/or genotyping
to identify patients who are not
responsive to clopidogrel, at which
time an informed decision can be
made about institution of therapy
with one of the new more effective
P2Y12 blockers.2 In light of Plavix
(Bristol-Myers Squibb/Sanofi Phar-
maceuticals Partnership) losing
patent protection in May 2012, the
cost effectiveness of a personal-
ized antiplatelet strategy may be
significant.
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