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TREATMENT UPDATE

Improving Adjunctive 
Pharmacotherapy for Primary
Percutaneous Coronary 
Intervention in ST-Segment 
Elevation Myocardial Infarction:
Beyond the HORIZONS-AMI Trial
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The Christ Hospital Heart and Vascular Center/The Carl and Edyth Lindner Center for Research
and Education, Cincinnati, OH

Patients who present with acute coronary syndromes, particularly ST-segment elevation
myocardial infarction (STEMI), have abnormalities in platelet size and function that
predispose to thrombotic events. Both preprocedural platelet reactivity and mean
platelet volume are directly correlated with the occurrence of adverse ischemic events
and impaired microvascular reperfusion following primary percutaneous coronary 
intervention (PCI) for STEMI. The Harmonizing Outcomes with Revascularization and
Stents in Acute Myocardial Infarction (HORIZONS-AMI) trial demonstrated a similar
ischemic event rate to 30 days with a significantly lower bleeding event rate (enhanced
net clinical benefit) in favor of bivalirudin monotherapy (with provisional platelet 
glycoprotein [GP] IIb/IIIa receptor blockade) in comparison with unfractionated 
heparin plus GP IIb/IIIa blockade in patients undergoing primary PCI for STEMI. 
The bivalirudin monotherapy was associated with a highly significant greater 
incidence of acute stent thrombosis. This observation provides the opportunity for
strategies that enhance periprocedural platelet inhibition to reduce stent thrombosis
and to potentially improve the safety and efficacy of periprocedural adjunctive 
pharmacotherapy above that achieved by bivalirudin monotherapy alone.
[Rev Cardiovasc Med. 2009;10(2):72-82]
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Following either spontaneous or iatrogenic (during percutaneous coronary
intervention [PCI]) plaque rupture, the arterial endothelial barrier is dis-
rupted and subendothelial matrix proteins (collagen, von Willebrand fac-

tor [VWF]) are exposed to blood. Platelets adhere to specific cell receptors for
collagen (glycoprotein [GP] VI, GP Ia/IIa) as well as VWF (GP Ib-IX) and become
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activated.1,2 Activated platelets de-
granulate and secrete platelet ago-
nists, chemotaxins, clotting factors,
and vasoconstrictors that promote
platelet aggregation, thrombus for-
mation, and vasospasm.3 Following
platelet activation, GP IIb/IIIa recep-
tors on the platelet surface undergo a
rapid conformational change so that
they can bind to soluble fibrinogen.
Upon binding to GP IIb/IIIa, the bi-
valent fibrinogen (as well as other
adhesive proteins, including fi-
bronectin, vitronectin, and VWF)
further mediates platelet aggregation
by crosslinking the surfaces of acti-
vated platelets via GP IIb/IIIa. The
acuity of the clinical syndrome de-
pends, in part, upon the quantity of
thrombus present and the conse-
quent degree of coronary obstruc-
tion, which ranges from incomplete
(unstable angina, non–ST-segment
elevation myocardial infarction) to
complete thrombotic occlusion (ST-
segment elevation myocardial
infarction [STEMI]). This article will
examine the potential use of peripro-
cedural GP IIb/IIIa receptor blockade
with abciximab intracoronary bolus,
the novel platelet P2Y12, and throm-
bin receptor antagonists.

Platelet Reactivity
The platelet plays a central role
in both the pathogenesis of
atherothrombosis and the develop-
ment of acute coronary syndromes
(ACS) and, thus, is a logical target
of therapy for these disease pro-
cesses.2-4 Patients who present with
ACS demonstrate abnormalities in
platelet size and function. An in-
crease in platelet surface expression
of P-selectin (CD62), GP IIb/IIIa, and
CD40L accompanies the heightened
state of platelet activation in ACS.5,6

The platelets of patients with ACS
demonstrate exaggerated responsive-
ness to low levels of exogenous
agonist (ex vivo), as well as a differ-
ential response to standard doses of

antiplatelet therapies.7 Following ad-
ministration of the Randomized Effi-
cacy Study of Tirofiban for Outcomes
and Restenosis (RESTORE) trial load-
ing dose of tirofiban (10 �g/kg), pa-
tients with ACS manifest a lower
level of measured platelet inhibition
than do their stable angina counter-
parts.8 A similar observation has
been made following the administra-
tion of clopidogrel 300-mg oral load
and 75 mg/d to patients who have
undergone coronary stent deploy-
ment. A differential (reduced) mag-
nitude of clopidogrel-mediated
platelet inhibition of aggregation
and activation was observed in pa-
tients with unstable compared with
stable angina symptoms (Pierre
Théroux, MD, personal communi-
cation). The heightened state of
platelet reactivity in ACS is pro-
tracted. One month following pre-
sentation for ACS in the Thromboly-
sis In Myocardial Infarction 12 (TIMI
12) study, a significant increase in
platelet surface expression of CD62
was observed, signifying persistent
platelet activation despite pharmaco-
logic therapy.9 Increased platelet re-
activity in ACS is accompanied by an
increase in platelet volume. Mean
platelet volume is increased in ap-
proximate proportion to the acuity
of the clinical syndrome and in-
creased further following PCI.10 A di-
rect correlation between a larger
mean platelet volume and platelet
surface expression for both CD62
and GP IIb/IIIa has been made.11

In summary, patients who present
with ACS have large, hyperactive,
hyper-responsive platelets as well as
a differential response to standard
dose regimens of antiplatelet thera-
pies. The importance of these obser-
vations is greatly enhanced by the
fact that baseline platelet reactiv-
ity as measured either directly by
agonist-stimulated aggregation or
indirectly as indicated by platelet
volume has been correlated with the

occurrence of adverse clinical events
following both elective PCI12,13 as
well as primary PCI for STEMI.14,15

Those patients with the highest level
of preprocedural platelet reactivity
demonstrate the highest incidence
of periprocedural ischemic events,
including myocardial infarction, ur-
gent repeat revascularization, and
stent thrombosis. Preprocedural
platelet reactivity has also been cor-
related with late adverse clinical out-
comes, including both angiographic
and clinical restenosis following
elective PCI.16 In addition, impaired
microvascular reperfusion as re-
flected by TIMI myocardial blush
grade 0/1 or electrocardiographic ST-
segment resolution at or below 50%
has been correlated with baseline
preprocedural platelet reactivity
prior to primary PCI for STEMI.15

Multi-Receptor Blockade
Because platelet activation is a com-
plex process involving multiple re-
dundant pathways, therapeutic
strategies, which include simultane-
ous blockade of multiple receptors
(cyclooxygenase [COX-1] by aspirin,
P2Y12 by a thienopyridine, and GP
IIb/IIIa by a GP IIb/IIIa inhibitor),
are intuitively attractive and have
been demonstrated to achieve incre-
mental inhibition of platelet activa-
tion and aggregation17,18 (Figure 1).
The combination of a thienopyri-
dine and a GP IIb/IIIa inhibitor pro-
vides incremental platelet inhibition
(compared with either agent
alone),19 which has been translated
into enhanced clinical benefit as re-
flected by a greater reduction in ad-
verse ischemic events.20,21 In the
Clopidogrel Loading With Eptifi-
batide to Arrest the Reactivity of
Platelets (CLEAR PLATELETS)22 and
the CLEAR PLATELETS 1b23 trials, a
higher level of platelet inhibition
was achieved during PCI in patients
treated with a combination of clopi-
dogrel and eptifibatide compared
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with clopidogrel treatment alone
and was associated with a greater re-
duction in markers of both inflam-
mation (high-sensitivity C-reactive
protein, tumor necrosis factor-�) as
well as periprocedural myocardial
necrosis (creatinine kinase-MB, tro-
ponin, myoglobin). In the Troponin
in Planned PTCA/Stent Implanta-
tion with or without Administration
of the Glycoprotein IIb/IIIa Receptor
Antagonist Tirofiban (TOPSTAR)
trial, the addition of tirofiban to pa-
tients treated with aspirin and clopi-
dogrel prior to PCI reduced peripro-
cedural myocardial necrosis as
reflected by troponin T elevation.24

Finally, in the Intracoronary Stent-
ing Antithrombotic Regimen–Rapid
Early Action for Coronary Treatment
(ISAR-REACT) II trial, patients with
high-risk ACS were pretreated with
aspirin and clopidogrel (600 mg)
after coronary angiography but at
least 2 hours prior to PCI.25 At the
time of PCI, patients were randomly

assigned to treatment with either
intravenous (IV) abciximab or
placebo, and all patients received
concomitant weight-adjusted un-
fractionated heparin (UFH) intra-
venously. Patients who received
periprocedural abciximab enjoyed a
25% relative reduction in ischemic
events (death, myocardial infarc-
tion, urgent repeat revasculariza-
tion) through 30 days. Abciximab
clinical benefit was greatest in those
patients who had an elevated pre-
procedural serum troponin level.25

These data support the concepts that
high levels of periprocedural platelet
inhibition should be targeted, par-
ticularly in high-risk patients, and
that higher levels of inhibition are
associated with better clinical out-
comes. In addition, incremental lev-
els of platelet inhibition can be
achieved by combining agents that
block various pathways (COX-1,
P2Y12, GP IIb/IIIa) of platelet activa-
tion and aggregation.

Dethrombosis and Platelet 
Receptor Blockade
Platelet GP IIb/IIIa inhibitors are
associated with dose-dependent dis-
aggregation of platelet-rich throm-
bus.26 The mechanism responsible
for platelet disaggregation (“de-
thrombosis”) is the high affinity of
the GP IIb/IIIa inhibitor agent for the
GP IIb/IIIa receptor, which displaces
fibrinogen, the primary ligand bridg-
ing activated GP IIb/IIIa receptors in
the process of platelet aggregation.27

However, marked differences exist in
the pharmacokinetics, pharmacody-
namics, and specific-receptor affinity
for the available GP IIb/IIIa inhibitor
agents. Separate and distinct binding
sites on the GP IIb/IIIa receptor com-
plex have been identified for abcix-
imab and for the “small molecule”
GP IIb/IIIa inhibitors (eptifibatide,
tirofiban) by means of differential
displacement of site-specific mono-
clonal antibodies: Mab1 (LYP18), a
complex-specific, ligand recognition
site (bound by abciximab), and Mab2
(4F8), a �3 subunit specific site
(bound by the small molecule GP
IIb/IIIa inhibitors).28 In addition to
binding a separate site on the GP
IIb/IIIa receptor, abciximab has a
unique pharmacokinetic and phar-
macodynamic profile. Abciximab
demonstrates high affinity (low Kd)
and the small molecule inhibitors
demonstrate low affinity (high Kd)
for binding to the GP IIb/IIIa recep-
tor29 (Figure 2). This difference is re-
flected in the ratio of platelet-bound
to free (in serum) drug.30 Whereas
the vast majority of abciximab mole-
cules are platelet-bound (with a
bound to free ratio of ~4:1), the con-
verse is true for the small molecule
inhibitors (with a bound to free ratio
of ~1:250-500). The differential high
affinity/low Kd of abciximab may
explain the observations of van
Werkum and colleagues31 in a random-
ized comparative trial of abciximab
versus high-dose tirofiban (25 �g/kg
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Figure 1. Incremental inhibition of platelet activation and aggregation follows the sequential addition of different
platelet receptor blocking agents to patients with acute coronary syndrome in the PEACE trial. Patients were ini-
tially treated with aspirin (COX-1 receptor inhibition) and enoxaparin followed by the addition of a clopidogrel 300-mg
oral load (P2Y12 receptor inhibition) and eptifibatide 180 �g/kg bolus, 2 �g/kg/min infusion (GP IIb/IIIa receptor
inhibition) in sequence. PEACE, Platelet Activity Extinction in Non-Q-Wave Myocardial Infarction with Aspirin, Clopi-
dogrel, and Eptifibatide; GP, glycoprotein; ADP, adenosine diphosphate; ASA, aspirin; Enox, enoxaparin; Clopid,
clopidogrel; Eptif, eptifibatide. Reprinted from Journal of the American College of Cardiology, Volume 46,
Giugliano RP, Braunwald E. The year in non-ST-segment elevation acute coronary syndromes. Pages 906-919.17

Copyright © 2005, with permission from the American College of Cardiology.
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bolus, 0.15 �g/kg/min infusion)
administered to patients undergoing
primary PCI for STEMI. Using a dual
monoclonal antibody technique to
measure specific platelet receptor
occupancy, abciximab was demon-
strated to provide a greater degree
of receptor blockade (occupancy),
which remained at or greater than
80% during the periprocedural time-
frame (Figure 3). In addition, the
lesser affinity of the small molecule
inhibitors for the GP IIb/IIIa receptor
is reflected by the observation that
competitive receptor binding by
high levels of serum fibrinogen is as-
sociated with a reduced level of mea-
sured platelet inhibition by eptifi-
batide.32 Higher levels (� 80%) of
platelet GP IIb/IIIa receptor occu-
pancy during GP IIb/IIIa inhibitor
therapy have been correlated to a
greater extent of successful myocar-
dial reperfusion during the treatment
of STEMI.33 Indeed, “complete”
reperfusion (as reflected by the con-
comitant presence of TIMI flow
grade 3, TIMI myocardial perfusion
grade 3, and electrocardiographic ST-
segment resolution � 70%) was more

prevalent in patients who achieved
at least 80% GP IIb/IIIa receptor oc-
cupancy than in those who did not.

The differential pharmacokinetic off
rates (Kd) of currently available GP
IIb/IIIa inhibitors affect recovery of
platelet aggregability following dis-
continuation of therapy. Recovery of
platelet aggregability is much more
rapid (4-8 hours) following discon-
tinuation of the small molecule GP
IIb/IIIa inhibitors than following ab-
ciximab.4 Recovery of aggregability
after discontinuation of abciximab is
at or less than 50% complete at 24
hours. The gradual “redistribution”
of abciximab across GP IIb/IIIa
receptors reflects high-affinity, re-
versible binding of this agent, with
receptor occupancy rates of 30% at 8
days and 10% at 15 days following a
single abciximab IV bolus.34 These
specific pharmacokinetic and phar-
macodynamic properties of abcix-
imab are likely responsible for
the observation of Dangas and
colleagues35 from the Controlled
Abciximab and Device Investigation

Abciximab
4:1 Bound (Platelet) to 

Free (Serum)

Small Molecule
1: � 250 Bound to 

Free

www.medreviews.com

Figure 2. Marked differences in the relative affinity for the platelet GP IIb/IIIa receptor and in the ratio of platelet-
bound to free (in serum) drug between abciximab and small molecule GP IIb/IIIa inhibitors. For abciximab, 4 mon-
oclonal antibodies are bound to platelet receptors for every 1 monoclonal antibody that is free in serum. Conversely,
for small molecule GP IIb/IIIa inhibitors, only 1 molecule is bound to the platelet receptor for every 250 to 500 mol-
ecules free in serum. GP, glycoprotein. Reprinted with permission from Kereiakes DJ.30
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Figure 3. Platelet GP IIb/IIIa receptor occupancy measured by a dual-monoclonal antibody technique in a random-
ized comparative trial of abciximab versus high-dose (25 �g/kg bolus, 0.15 �g/kg/min infusion) tirofiban during
primary percutaneous coronary intervention for STEMI. The higher level of platelet receptor occupancy demon-
strated for abciximab likely reflects a greater affinity for the GP IIb/IIIa receptor as well as a lower coefficient for
dissociation (Kd). GP, glycoprotein; STEMI, ST-segment elevation myocardial infarction; PCI, percutaneous coronary
intervention. Reprinted from Journal of the American College of Cardiology, Volume 43, van Werkum JW et al.
Investigating platelet activation with abciximab and high-dose tirofiban in patients with acute myocardial
infarction undergoing primary percutaneous coronary intervention. Page 99A.31 Copyright © 2004, with permis-
sion from the American College of Cardiology.
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to Lower Late Angioplasty Complica-
tions (CADILLAC) trial. In CADIL-
LAC, all patients who received coro-
nary stent deployment during
primary PCI for STEMI were adminis-
tered an oral clopidogrel loading
dose (300 mg) by protocol and were
randomly assigned to receive either
IV abciximab or placebo. Only those
stented patients who received abcix-
imab therapy (by both intention-to-
treat as well as treatment-received
analyses) demonstrated absence of
early stent thrombosis.34

HORIZONS-AMI
The Harmonizing Outcomes with
Revascularization and Stents in Acute
Myocardial Infarction (HORIZONS-
AMI) trial randomly assigned 3602
patients who presented with STEMI
to receive either bivalirudin therapy
with provisional GP IIb/IIIa ad-
ministered only for prespecified
“bailout” scenarios or UFH plus GP
IIb/IIIa receptor blockade prior to
primary PCI.36 All patients received
concomitant therapy with aspirin
(300-325 mg/d in hospital; 75-81 mg
post discharge) and clopidogrel (300-
600 mg load; 75 mg/d). The trial
primary endpoint of major adverse
cardiovascular events ([MACE];
composite occurrence of all-cause
death, reinfarction, ischemic target
vessel revascularization, or stroke)
was assessed at 30 days following
treatment. Although the occurrence
of MACE was similar between
treatments, major bleeding events
(TIMI criteria) were observed less
frequently following bivalirudin
therapy (4.9% vs 8.3%; P 
 .0001
with UFH/GP IIb/IIIa), which re-
sulted in greater net clinical benefit
for bivalirudin-treated patients.

However, careful analysis of the
Kaplan-Meier event curves demon-
strates early “hazard” in bivalirudin-
treated patients for both MACE and

mortality (Figure 4). The early hazard
following bivalirudin monotherapy
is largely explained by a highly
significant, more than 4-fold

increase in the incidence of acute 
(
 24 hours) stent thrombosis using
the Academic Research Consortium
(ARC) definition (Figure 5). A similar
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Figure 4. MACE over time stratified by randomly assigned pharmacologic treatment regimens in the HORIZONS-
AMI trial. Although the MACE event rate at 30 days was similar between treatments, early hazard for MACE is 
observed in the patients treated with bivalirudin monotherapy. MACE, major adverse cardiovascular events; 
HORIZONS-AMI, Harmonizing Outcomes with Revascularization and Stents in Acute Myocardial Infarction; GP,
glycoprotein; HR, hazard ratio; CI, confidence interval. Adapted with permission from Stone GW et al. Bivalirudin
during primary PCI in acute myocardial infarction. N Engl J Med. 2008;358:2218-2230.36 Copyright © 2008
Massachusetts Medical Society. All rights reserved.
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Figure 5. The incidence of stent thrombosis to 30 days (Academic Research Consortium definitions) stratified by
randomly assigned pharmacologic treatment as well as the time course for occurrence. A more than 4-fold increase
in the incidence of acute (
 24 hours) stent thrombosis is observed in patients treated with bivalirudin monother-
apy. UFH, unfractionated heparin; GP, glycoprotein. Data from Stone GW et al.36
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hazard for early stent thrombosis fol-
lowing bivalirudin monotherapy (in
conjunction with aspirin and clopi-
dogrel) has been reported from a
“real world” registry of primary PCI
for STEMI.37 Early stent thrombosis
following bivalirudin therapy occurs
despite its putative effects on platelet
function (inhibition of thrombin-
induced platelet activation) and may
in part be explained by wide in-
terindividual variability in platelet
inhibitory response to clopidogrel
therapy.38 Indeed, hyporesponsive-
ness or “resistance” to clopidogrel
has been observed in approximately
1 in 4 individuals (range, 5% to 44%)
undergoing elective PCI.38,39 The
time course and magnitude of
platelet inhibition as well as the
prevalence of resistance are altered
by an increase in the oral clopidogrel
loading dose from 300 mg to
600 mg.40,41 A higher level of platelet
inhibition is achieved more rapidly
and resistance is less frequent (~8%
vs ~28%, respectively) following the
600-mg loading dose compared with
the 300-mg loading dose. Neverthe-
less, even following the 600-mg oral
loading dose, more than 4 hours is
required to achieve maximum
platelet inhibitory effect, and the de-
gree of interindividual variability re-
mains wide (20%-80% residual
platelet aggregation in response to 
5 �M adenosine diphosphate).42

Strategies to Enhance 
Periprocedural Platelet Inhibition
Enhanced periprocedural platelet in-
hibition in bivalirudin-treated pa-
tients undergoing PCI may be
achieved by concomitant GP IIb/IIIa
receptor blockade, more effective
P2Y12 receptor inhibition, and/or the
addition of a novel thrombin receptor
antagonist. Safety in regard to mini-
mization of bleeding events will be
central to achieving net clinical bene-

fit from any strategy aimed toward en-
hanced platelet inhibition and stent
thrombosis reduction. The specific
pharmacokinetic and pharmacody-
namic properties of abciximab make 
it uniquely suited among available GP
IIb/IIIa blocking agents for bolus-only
administration. Furthermore, the
route of abciximab bolus administra-
tion appears to influence the magni-
tude of relative benefit achieved. In a
randomized, controlled clinical trial,
a standard weight-adjusted bolus
(0.25 mg/kg) of abciximab was ad-
ministered either via an intracoronary
(IC) dose over 1 to 2 minutes or via an
IV dose to patients undergoing pri-
mary PCI for STEMI and was followed
by the standard 12-hour infusion
(0.125 �g/kg/min).43 All patients re-
ceived concomitant periprocedural
UFH. Targeted intracoronary adminis-
tration of the abciximab bolus dose
was associated with a reduction in
both infarct size and the occurrence
of adverse clinical events.43 Prior stud-
ies have suggested that the relative
benefit of IC versus IV abciximab
bolus administration is greatest in
those patients with diminished TIMI
flow grades 0 to 1 on baseline pre-PCI
angiography or in patients with car-
diogenic shock and poor coronary
perfusion.44 The hypothesized mech-
anistic basis for IC administration of
GP IIb/IIIa inhibitors is that high local
concentrations of drug are associated
with increased levels of targeted
platelet receptor occupancy (fewer
receptors are available for crosslinking
with fibrinogen) and more effective
platelet thrombus dissaggregation.45

Greater GP IIb/IIIa receptor blockade
would, in turn, reduce the incidence
of microcirculatory thrombus,
enhance myocardial perfusion, and,
ultimately, improve clinical out-
comes. Furthermore, the durability of
abciximab receptor occupancy as re-
flected by the gradual recovery of
platelet aggregability provides a

smooth transition for oral clopidogrel-
mediated platelet inhibition to be-
come effective.

Novel P2Y12 receptor antagonists
promise to provide more rapid, more
intense, and more uniform platelet
inhibition than is observed follow-
ing clopidogrel therapy. Prasugrel, a
novel “third-generation” orally ad-
ministered thienopyridine, exhibits
more rapid metabolic conversion to
active metabolite as well as more
rapid and intense platelet inhibition
when compared with clopidogrel
administered as either a 300-mg or
600-mg loading dose.46,47 In addi-
tion, patients who are “resistant” to
clopidogrel are almost invariably re-
sponsive to prasugrel.48,49 In the piv-
otal Trial to Assess Improvement in
Therapeutic Outcomes by Optimiz-
ing Platelet Inhibition with Prasug-
rel–Thrombolysis In Myocardial In-
farction 38 (TRITON- TIMI 38) trial,
13,608 patients with ACS in whom
PCI was planned were randomly as-
signed to therapy with either clopi-
dogrel (300-mg load, 75 mg/d) or
prasugrel (60-mg load, 10 mg/d).50

Prasugrel therapy was associated
with a significant reduction in the
primary efficacy endpoint of the trial
(composite occurrence of cardiovas-
cular death, nonfatal myocardial in-
farction, or stroke) compared with
clopidogrel (9.9% vs 12.1%, respec-
tively; P � .001). Furthermore, a 52%
reduction in ARC-defined definite/
probable stent thrombosis was ob-
served in favor of prasugrel for the
trial as a whole. Subgroup analysis of
the 3532 patients who presented
with STEMI and subsequently under-
went either primary (n 	 2438, 69%)
or secondary (n 	 1094, 31%) PCI
demonstrated a 51% relative risk re-
duction in early (30-day) ARC defi-
nite/probable stent thrombosis in
favor of prasugrel (Figure 6A). No dif-
ference in TIMI major or minor non-
coronary bypass graft surgery–related
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reversible blockade of the P2Y12 re-
ceptor.52,53 Following IV infusion,
rapid, steady-state pharmacokinetics
are achieved and are associated with
a high level (� 90%) of P2Y12 recep-
tor inhibition and little interindivid-
ual variability. One challenge to the
administration of Cangrelor for pri-
mary PCI in STEMI will be the ability
to safely and effectively transition
this agent with an oral P2Y12 recep-
tor inhibitor. Preliminary data
demonstrate a competitive effect by
Cangrelor on platelet inhibition by
both clopidogrel and prasugrel.54,55

The presence of Cangrelor on the
P2Y12 receptor precludes access by
clopidogrel and prasugrel active
metabolites, which are only tran-
siently available following metabolic
aversion. Thus, Cangrelor presence
may effectively block the platelet in-
hibitory effect of a clopidogrel oral
loading dose (Figure 7).

Finally, platelet thrombin receptor
antagonists, such as SCH 530348, are
currently in clinical development for
administration during PCI and ACS.
To date, this agent has been adminis-
tered concomitantly with aspirin
and clopidogrel and compared with
aspirin and clopidogrel alone.56,57

Summary
The HORIZONS-AMI trial has
provided a valuable step forward in
the evolution of adjunctive phar-
macotherapy for primary PCI in
STEMI. In HORIZONS, the admin-
istration of bivalirudin monother-
apy was associated with a marked
reduction in the incidence of
major bleeding, enhanced net
clinical benefit, and a survival
advantage to both 30 days and at
1 year follow-up.36,58 Nevertheless,
an early hazard for stent throm-
bosis was evident following bi-
valirudin monotherapy, which pre-
sents an opportunity for further
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Figure 6. (A) Incidence of stent thrombosis (Academic Research Consortium definite or probable definitions)
through 1 year by randomly assigned pharmacologic treatment regimen in patients who had primary or secondary
PCI for STEMI in the TRITON-TIMI 38 trial. Oral prasugrel therapy was associated with a highly significant 51%
reduction in early stent thrombosis when compared with clopidogrel. (B) The incidence of TIMI major or minor non-
coronary bypass-related bleeding events through 1 year by randomly assigned pharmacologic treatment regimen
in patients who had primary or secondary PCI for STEMI in TRITON-TIMI 38. No difference is observed in bleeding
event rates between treatments despite the demonstrated reduction in stent thrombosis in favor of prasugrel. PCI,
percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction; TRITON-TIMI, Trial to As-
sess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel–Thrombolysis In My-
ocardial Infarction; RRR, relative risk reduction; HR, hazard ratio; CI, confidence interval; NNT, number needed to
treat; NNH, number needed to harm. Reprinted from The Lancet, Volume 373, Montalescot G et al. Prasugrel com-
pared with clopidogrel in patients undergoing percutaneous coronary intervention for ST-elevation myocardial in-
farction (TRITON-TIMI 38): double-blind, randomized controlled trial. Pages 723-731.51 Copyright © 2009, with
permission from Elsevier.

bleeding was observed between treat-
ment regimens51 (Figure 6B). Thus,
prasugrel appears to represent an es-
pecially attractive alternative to
clopidogrel for PCI in STEMI.

Cangrelor (The Medicines Com-
pany®, Parsippany, NJ) is a novel,
parenterally administered adeno-
sine 5'-triphosphate derivative (non-
thienopyridine) that provides
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pharmacotherapeutic iteration to
provide even greater clinical bene-
fit. In this regard, it is likely that
enhanced periprocedural and post-
procedural platelet inhibition with
IC abciximab bolus only and/or
orally administered prasugrel will
reduce the incidence of stent
thrombosis associated with bi-
valirudin and clopidogrel (300-mg
to 600-mg load) therapy as adminis-
tered in the HORIZONS trial. Fur-
thermore, the relative inadequacy
of the bivalirudin antiplatelet effect
in the context of clopidogrel re-
sponse variability and limited po-
tency is underscored by an analysis
of stent thrombosis stratified by a
nonrandomly assigned (investigator
discretion) clopidogrel loading dose
(Gregg W. Stone, MD, personal
communication).

Stent thrombosis was observed less
frequently in those patients who re-
ceived the 600-mg oral loading dose
of clopidogrel (~63% of study popu-
lation) as compared with the 300-mg
oral loading dose of clopidogrel
(~35% of study population) in the
HORIZONS trial. This nonrandom-
ized observation argues in favor of
the higher loading dose of clopido-
grel when administered in conjunc-
tion with bivalirudin for primary
PCI. The adjunctive pharmacothera-
peutic strategy utilizing currently
available agents that my colleagues
and I have adopted includes IV
bivalirudin bolus and infusion, IC
abciximab weight-adjusted bolus
only administered immediately fol-
lowing coronary guidewire recanal-
ization of the infarct-related artery,
oral aspirin (nonenteric) at a dose of
325 mg chewed on initial presenta-
tion, and clopidogrel at a dose of
600 mg administered orally at the
time of PCI. Bivalirudin IV infusion is
discontinued at the end of the PCI
procedure, and vascular access sheaths
are removed 2 hours later. The goal
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Figure 7. Platelet aggregation over time following an oral 600-mg loading dose of clopidogrel administered alone
or in varying time sequence to an intravenous bolus and infusion of Cangrelor. The platelet inhibitory effect of the
clopidogrel active metabolite is either not apparent (when administered at the time of the Cangrelor bolus and 
2-hour infusion) or is delayed (when administered at the end of the Cangrelor infusion). The presence of Cangrelor
on the platelet P2Y12 receptor precludes access for the transiently available clopidogrel active metabolite following
metabolic conversion of the clopidogrel prodrug. Reprinted from Thrombosis Research, Volume 121, Steinhubl SR
et al. Transitioning patients from cangrelor to clopidogrel: pharmacodynamic evidence of a competitive effect.
Pages 527-534.54 Copyright © 2008, with permission from Elsevier.
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Figure 8. A hypothetical MACE rate over time for bivalirudin and abciximab intracoronary bolus pharmacologic
regimen during primary percutaneous coronary intervention for ST-segment elevation myocardial infarction is su-
perimposed on the event rates observed following either unfractionated heparin and GP IIb/IIIa inhibitor or bi-
valirudin monotherapy in the HORIZONS-AMI trial. The combination of bivalirudin plus abciximab intracoronary
bolus provides the potential to reduce the acute stent thrombosis observed in the bivalirudin monotherapy cohort
as well as subacute stent thrombosis, which may have been associated with shorter duration (12-18 hours) eptifi-
batide infusion administered in the unfractionated heparin and GP IIb/IIIa cohort. MACE, major adverse cardio-
vascular event; GP, glycoprotein; HORIZONS-AMI, Harmonizing Outcomes with Revascularization and Stents in
Acute Myocardial Infarction; CV, cardiovascular; IC, intracoronary; HR, hazard ratio; CI, confidence interval.
Adapted with permission from Stone GW et al. Bivalirudin during primary PCI in acute myocardial infarction. 
N Engl J Med. 2008;358:2218-2230.36 Copyright © 2008 Massachusetts Medical Society. All rights reserved.
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of this strategy is to reduce the inci-
dence of acute stent thrombosis asso-
ciated with bivalirudin monotherapy
(Figure 8). In addition, this strategy
could reduce the incidence of sub-
acute stent thrombosis that may
have accompanied the use of shorter
duration (12-18 hours by protocol) ep-
tifibatide infusions, which comprised
44.4% of the UFH plus GP IIb/IIIa
treatment arm of the HORIZONS
trial. Indeed, a prior analysis of the
Enhanced Suppression of the Platelet
IIb/IIIa Receptor with Integrilin
Therapy (ESPRIT) trial demonstrated
that eptifibatide infusion durations
of less than 16 hours conferred little,
if any, clinical benefit in a stable,
elective PCI population.59 Future
clinical trials that incorporate abcix-
imab IC bolus only and/or prasugrel
in conjunction with IV bivalirudin
are required to establish the safety,
efficacy, and, it is hoped, incremen-
tal net clinical benefit of these strate-
gies when compared with the bi-
valirudin monotherapy treatment
algorithm used in the HORIZONS
AMI trial.
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Main Points
• In the Harmonizing Outcomes with Revascularization and Stents in Acute Myocardial Infarction (HORIZONS-AMI)

trial of patients undergoing primary percutaneous coronary intervention for ST-segment elevation myocardial infarc-
tion, the administration of bivalirudin monotherapy was associated with a marked reduction in the incidence of major
bleeding, enhanced net clinical benefit, and a survival advantage to both 30 days and at 1-year follow-up.

• The HORIZONS-AMI trial showed an early hazard for stent thrombosis following bivalirudin monotherapy.

• Stent thrombosis was observed less frequently in those patients who received the 600-mg oral loading dose of clopi-
dogrel (~63% of study population) as compared with the 300-mg oral loading dose of clopidogrel (~35% of study
population).

• It is likely that enhanced periprocedural and postprocedural platelet inhibition with an intracoronary abciximab bolus
only and/or orally administered prasugrel will reduce the incidence of stent thrombosis associated with bivalirudin
and clopidogrel.

• Safety in regard to minimization of bleeding events will be central to achieving net clinical benefit from any strategy
aimed toward enhanced platelet inhibition and stent thrombosis reduction.
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