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The platelet response to endothelial injury is central to the process of 
atherothrombosis, the pathophysiologic hallmark of acute coronary 
syndromes (ACS). Multiple antiplatelet agents have been developed to inhibit 
key components of this platelet activity. The use of two or more antiplatelet 
agents in patients with ACS reduces ischemic events but increases bleeding 
risk. Triple antiplatelet therapy utilizing aspirin, P2Y12 antagonists and 
glycoprotein IIb/IIIa inhibitors, remains indicated in select ACS populations. 
In ST-elevation myocardial infarction, triple antiplatelet therapy may be 
beneficial in subjects receiving percutaneous coronary intervention without 
adequate thienopyridine preloading and in those with large thrombus 
burden. In subjects with non-ST elevation ACS, triple antiplatelet therapy 
is reserved for those at highest ischemic risk (e.g., elevated troponin or 
refractory ischemia) and for those with thrombotic complications at the 
time of percutaneous coronary intervention. The focus of this review is to 
summarize the rationale and evidence supporting the use of triple antiplatelet 
therapies in the management of patients with ACS.
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Antiplatelet therapy is a cornerstone of the treatment of acute coronary syndromes 
(ACS). An improved understanding of platelet pathophysiology has led to the 
development of antiplatelet therapies that target different mechanisms of platelet 
activation and aggregation in ACS. The result has been the strategy of using com-
binations of antiplatelet agents, which have been associated with reduced ischemic 
events in large multicenter randomized clinical trials [1]. Guidelines now recommend 
that all ACS patients be treated with at least two antiplatelet agents irrespective of 
whether they are managed with a conservative or an invasive strategy. In addition, 
the use of glycoprotein IIb/IIIa inhibitors (GPIs) as a third antiplatelet agent in 
the management of ACS patients remains indicated in certain clinical settings [2]. 

The adoption of invasive ACS management in high-risk patients has influenced 
the antiplatelet management of a large number of patients with ACS. On the one 
hand, novel antiplatelet agents with more rapid and potent inhibition [3,4] that 
limit percutaneous coronary intervention (PCI)-related ischemic events (i.e., peri-
procedural myocardial infarction [MI] and stent thrombosis) are the focus of drug 
development. On the other hand, these agents are associated with increased bleeding 
risk and data suggest that major bleeding in the setting of ACS is associated with 
increased morbidity and mortality [5]. Moreover, new antithrombin regimens aimed 
at reducing the bleeding risk have been developed, potentially obviating the need for 
parenteral antiplatelet therapy in lower risk ACS patients [6]. Thus, understanding 
the benefits, risks and clinical role of antiplatelet strategies is critical to optimizing 
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the outcomes of ACS patients [7]. A critical appraisal 
of this topic is timely and the following discussion 
aims to review the rationale and evidence supporting 
the use of triple antiplatelet therapy in ACS (hereafter 
defined as the combination of aspirin, P2Y12 inhibitors 
– thienopyridines and non-thienopyridines and GPI). 

Role of platelets in ACS
Normal platelet function leads to hemostasis through 
three processes: adhesion, activation and aggregation. 
In ACS, these processes are amplified and promote the 
production of platelet-rich thrombi that either com-
pletely obstruct the vascular lumen leading to myocar-
dial necrosis or variably obstruct the lumen through a 
process of autolysis resulting in unstable angina [8]. The 
pathophysiology of ACS is therefore highly dependent 
on platelets [9] and provides the rationale for combined 
antiplatelet strategies for managing and improving the 
outcomes of ACS patients. 

Plaque rupture or erosion, which is a common fea-
ture of ACS, initiates the process of platelet adhesion 
by exposing circulating platelets to subendothelial tis-
sue products such as von Willebrand factor and col-
lagen [10]. Platelet activation and aggregation proceed 
through multiple molecular signaling mechanisms. The 
arachidonic acid-prostacyclin pathway maintains plate-
let quiescence under normal conditions; following vas-
cular injury, amplified cyclooxygenase (COX)-1 activ-
ity increases thromboxane A2 production sustaining 
the initial platelet response. Activated platelets secrete 
a host of other substances including ADP which binds 
the P2Y12 receptor thereby promoting further plate-
let activation and recruitment. Platelet conformational 
changes expose receptors that initiate inflammation 
through platelet-leukocyte interactions. Finally, gly-
coprotein IIb/IIIa receptor activation with subsequent 
fibrinogen binding results in platelet aggregation and 
fibrin-clot formation. These processes act in concert, 
promote positive feedback, and are initiated through 
multiple cellular pathways [9,11]. While ensuring ‘hemo-
static certainty’, this redundancy highlights the need 
for combined antiplatelet therapy to optimize platelet 
inhibition in ACS. Each antiplatelet strategy addresses 
a specific part of the aforementioned pathway.

Available antiplatelet agents 
– pharmacological properties

 ■ Aspirin
Aspirin is an oral antiplatelet agent that is hydrolyzed by 
gastrointestinal esterases to its active metabolite salicylic 
acid (Table 1). This agent inhibits platelet COX pathways 
thereby minimizing the production of thromboxane A2, 
a potent stimulant for platelet aggregation. Though the 
half-life of aspirin is only 15–20 min, its irreversible 

inhibition of COX allows for durable antiplatelet effects 
that are overcome only with the production of new 
platelets [12,13].

 ■ P2Y12 antagonists
Interaction of ADP with P2Y12 receptors is impor-
tant in the growth and stabilization of thrombus. 
Clopidogrel and ticlopidine are oral thienopyridines 
that irreversibly bind the ADP P2Y12 receptor on plate-
lets. Clopidogrel is a prodrug that requires conversion to 
its active metabolite via a two-step conversion utilizing 
the hepatic cytochrome system. The result is a relatively 
slow onset of action and variable patient response that 
is highly dependent on the efficiency of the conversion 
to the active metabolite. Ticlopidine has significant 
gastro­intestinal side effects and has been associated with 
granulocytopenia and thrombotic thrombocytopenia 
purpura. While thrombocytopenia purpura has also 
been described with clopidogrel [14], it is significantly 
less common than with ticlopidine. Therefore the use of 
ticlopidine has generally been reserved for patients who 
are intolerant of other thienopyridines [2].

Prasugrel is a newer thienopyridine similar to clopi-
dogrel in that it irreversibly binds the P2Y12 receptor 
and requires hepatic conversion to its active metabolite. 
Both have similar half-lives of 7–8 h. The metabolism of 
prasugrel differs from clopidogrel in several important 
ways. First, with the initial hydrolysis of clopidogrel, 
85% of the drug is converted to an inactive metabo-
lite; the yield of active metabolite following prasugrel 
conversion is much higher. Second, the conversion of 
clopidogrel to its active form requires two steps using 
the hepatic cytochrome system compared with one with 
prasugrel [15]. Peak antiplatelet activity using standard 
loading doses of prasugrel is achieved in 30 min, and 
antiplatelet effects exceed those achieved with clopido-
grel [16]. Prasugrel thus results in more rapid, potent, 
and predictable platelet inhibition when compared with 
clopidogrel [17].

Ticagrelor is an oral, non-thienopyridine P2Y12 
antagonist with a half-life of 7–8 h. It is not a prodrug 
and thus does not require conversion to an active metab-
olite. Unlike clopidogrel and prasugrel, its binding to 
the P2Y12 receptor is reversible. The result is rapid, 
potent inhibition and its shorter half-life mandates 
twice daily dosing to maintain platelet inhibition. The 
shorter half-life is potentially advantageous in that it has 
a faster offset compared with clopidogrel or prasugrel. 
This could provide a shorter window of time between 
cessation of therapy and surgical procedures [18].

Recent data have identified some interesting obser-
vations related to genetic background and clinical 
response with the P2Y12 antagonists. Nearly 30% 
of subjects have been reported to carry at least one 
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loss-of-function allele on the CYP2C19 gene, a critical 
enzyme involved in clopidogrel metabolism. Individuals 
with this genotype produce lower levels of the active 
clopidogrel metabolite. A recent meta-ana lysis involv-
ing 9685 patients receiving clopidogrel (54.5% with 
ACS) demonstrated that heterozygous carriers of these 
alleles are at increased risk of a composite of death, MI 
or stroke (hazard ratio [HR]: 1.55; 95% CI: 1.11–2.17) 
and stent thrombosis (HR: 2.67; 95% CI: 1.24–2.50) 
compared with noncarriers. Homozygotes for the loss-
of-function allele were at even greater risk [19]. Prasugrel 
is unaffected by this genetic variability [20]. A substudy 
of PLATO, a landmark study comparing ticagrelor to 
clopidogrel, demonstrated that the benefits of ticagrelor 
with regard to a composite end point of death, MI or 
stroke were maintained irrespective of CYP2C19 allele 
status, though subjects in the clopidogrel group were at 
higher risk if an allelic variant was present [21]. 

 ■ Glycoprotein IIb/IIIa inhibitors
Platelet inhibitors occupy the IIb/IIIa receptor prevent-
ing fibrinogen binding thereby inhibiting the final com-
mon pathway in platelet aggregation [22]. Three GPI 
are available for use in the USA and all are parenteral 
agents. Abciximab is a large-molecule, chimeric anti-
body that binds nonspecifically to the IIb/IIIa recep-
tor. It has a short half-life of 15–30 min. Tirofiban and 
eptifibatide are small-molecule, selective inhibitors of 
the IIb/IIIa receptor. Both have half-lives of 2–3 h. In 
contrast to abciximab, tirofiban and eptifibatide are 
renally cleared and require dose reductions in the set-
ting of renal insufficiency [23]. All three GPI have been 
shown to reduce ischemic events such as recurrent MI 
and periprocedural MI when used in conjunction with 
unfractionated or low molecular weight heparins [24–26], 
though the magnitude of benefit may depend on the 
specific clinical setting [27,28]. 

Rationale for triple antiplatelet therapy
As compared with aspirin monotherapy, dual antiplate-
let therapy in which either a thienopyridine or GPI is 
combined with aspirin, has been shown to reduce isch-
emic end points across a wide range of ACS patients. 
These anti-ischemic benefits are present in subjects with 
ST-elevation MI (STEMI) and non-ST elevation ACS; 
these benefits are present irrespective of whether or not 
PCI is performed [1,28–32]. 

The theoretical benefits of triple antiplatelet ther-
apy stem from the following observations. First, isch-
emic events still occur in subjects on dual antiplatelet 
therapy [1] suggesting that greater platelet inhibition 
has the opportunity to reduce ischemic events further. 
Second, platelet reactivity is not completely suppressed 
in all individuals treated with dual antiplatelet therapy, 
particularly during ACS events [33]. Finally, platelet 
activation in ACS occurs through a variety of distinct 
pathways and therapeutic agents are available that tar-
get several of them. Utilizing three antiplatelet agents 
with different mechanisms of action could potentially 
suppress platelet reactivity further translating into 
reductions in adverse ischemic events. 

Triple antiplatelet therapy in STEMI
The treatment of STEMI relies fundamentally on res-
toration of flow through the occluded infarct-related 
artery with either fibrinolysis or primary PCI [34]. Triple 
antiplatelet therapy has been investigated with each of 
these approaches in large randomized clinical trials.

Prior to the routine practice of clopidogrel preload-
ing, several studies demonstrated benefit with a com-
bined antiplatelet strategy utilizing abciximab. In a 
pooled ana lysis of 1737 STEMI patients who received 
stenting, use of abciximab during PCI reduced the 
30-day composite end point of death, MI and target 
vessel revascularization (TVR; odds ratio [OR]: 0.56; 

Table 1. Non-aspirin antiplatelet agents.

Antiplatelet 
agents

Class Route of 
administration

Half-
life

Dosing (loading 
& maintenance)

Renal dosing

Clopidogrel Thienopyridine Oral 7–8 h 300–600 mg, 75 mg daily No adjustment

Prasugrel Thienoyridine Oral 7 h 60 mg, 5–10 mg daily No adjustment

Ticlopidine Thienopyridine Oral 12 h 500 mg, 250 mg twice-daily No adjustment

Ticagrelor Non-thienopyridine Oral 7–8 h 180 mg, 90 mg twice-daily No adjustment

Eptifibatide Glycoprotein IIb/
IIIa inhibitor

Parenteral 2.5 h 180 µg/kg, 2 µg/kg/min Reduce infusion dose by 50% if 
GFR <50 cc/min

Abciximab Glycoprotein IIb/
IIIa inhibitor

Parenteral 10–30 
min

0.25 mg/kg, 0.125 µg/kg/min No adjustment

Tirofiban Glycoprotein IIb/
IIIa inhibitor

Parenteral 2 h 0.4 µg/kg, 0.1 µg/kg/min Reduce bolus and loading dose 
by 50% if GFR <30 cc/min

GFR: Glomerular filtration rate.
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95% CI: 0.37–0.85). These benefits were sustained at 
6 months (OR: 0.71; 95% CI: 0.53–0.96), though the 
reductions in events were driven solely by TVR. No 
significant reductions in death or MI were noted [35]. 
However, abciximab-treated STEMI patients experi-
enced higher rates of significant bleeding and blood 
transfusions as well (OR: 1.74; 95% CI: 1.11–1.72) [36]. 
These data provide a historical perspective that GPI are 
beneficial when there is infrequent use of dual aspirin 
and thienopyridine therapy.

Several trials (Table 2) have examined the use of GPI in 
primary PCI in the modern stenting era on a background 
of dual oral antiplatelet therapy (aspirin and thienopyri-
dine). BRAVE-3 was a randomized, double-blind study 
enrolling 800 patients with STEMI. All received aspirin 
500 mg and clopidogrel 600 mg prior to undergoing 
primary PCI. Abciximab or placebo was administered 
for 12 h. The primary end point was left ventricular 
infarct size as assessed by single-photon emission com-
puted tomography. Infarct size, expressed as a percentage 
of the entire left ventricle, was 15.7% in the abciximab 
group versus 16.6% in the placebo group (p = 0.47). At 
30 days, the composite of death, MI, stroke or revascu-
larization of the infarct-related artery was similar in the 
abciximab and placebo groups (5.0 vs 3.8%; p = 0.40, 
respectively) [37]. Similar event rates using this same com-
posite end point were noted at 1 year (23% abciximab 
vs 25.7% placebo; p = 0.46), though the rate of death, 
MI or stroke showed a nonsignificant increase in the 
abciximab group (9.3 vs 6.0%; p = 0.09) [38]. 

ON-TIME 2 was a multicenter, randomized, blinded 
study of 984 patients with STEMI. Prior to PCI, 
patients were pretreated with aspirin and clopidogrel 
(600 mg) and randomized to placebo or high-dose tiro-
fiban (0.25 µg/kg bolus followed by 0.15 µg/kg/min 
infusion for 18 h). Mean time from symptom onset to 
tirofiban administration was 75 min, and it was admin-
istered at first medical contact even if prior to hospital 
arrival (e.g., in-ambulance). The primary end point of 
residual ST-segment elevation was reduced in the tirofi-
ban group (3.6 vs 4.8 mm; p = 0.03), but no differences 
in thrombolysis in myocardial infarction (TIMI) flow 
rate or myocardial blush grade were noted. At 30 days, 
the composite end point of death, MI, TVR or bailout 
tirofiban use was significantly lower with tirofiban than 
placebo (26.0 vs 32.9%; p = 0.02), though this differ-
ence was driven solely by bailout tirofiban use (tirofiban 
19.9% vs placebo 28.5%; p = 0.02). Net clinical benefit, 
defined as a composite of death, MI, TVR or bleeding, 
was not different between groups (9.3% tirofiban vs 
11.7% placebo; p = 0.221) [39].

The HORIZONS-AMI trial was a multicenter, open-
label study randomizing 3602 STEMI patients undergo-
ing planned primary PCI to bivalirudin versus heparin 

plus GPI (abciximab or eptifibatide). All subjects received 
PCI pretreatment with aspirin and thieno pyridines 
(clopidogrel 300–600 mg loading dose, ticlopidine 
500 mg loading dose for clopidogrel-intolerant patients). 
Primary end points included major bleeding (intracranial 
or intra-ocular hemorrhage, hematoma >5 cm or requir-
ing intervention, >4 mg/dl hemoglobin drop without 
overt source, >3 mg/dl with source, blood transfusion, 
need for re-operation) and net adverse clinical events 
defined as a composite of major bleeding, death, MI, 
TVR or stroke. At 30 days, both major bleeding and net 
adverse clinical events were significantly reduced with 
bivalirudin compared with heparin plus GPI (major 
bleeding 4.9 vs 8.3%; p < 0.001, net adverse clinical 
events 9.2 vs 12.1%; p = 0.005, respectively). The reduc-
tion in net adverse events was driven solely by bleed-
ing; death, MI and revascularization rates were similar 
in the bivalirudin and heparin plus GPI groups (5.5 vs 
5.4%; p = 0.95, respectively). Interestingly, bivalirudin, 
compared with heparin plus GPI, was associated with a 
significant increase in acute (within 24 h of PCI) stent 
thrombosis, but also a significant reduction in 30-day 
mortality (1.8 vs 2.8%, respectively; p = 0.045). There 
was no difference in stent thrombosis at 30 days (2.5 vs 
1.9%, respectively; p = 0.30, ) [40]. 

Both BRAVE-3 and ON-TIME 2 were random-
ized comparisons of GPI to placebo in STEMI patients 
receiving primary PCI. Both used nonclinical, surrogate 
primary end points (BRAVE-3 single photon emission 
computed tomography infarct size, ON-TIME 2 resid-
ual ST-segment elevation), and neither was powered to 
detect differences in clinically meaningful secondary end 
points. In ON-TIME 2, high-dose tirofiban was admin-
istered at first medical contact (ambulance administra-
tion prior to hospital arrival). Furthermore, average time 
to symptom onset was 75 min compared with over 2 h 
in BRAVE-3 and HORIZONS-AMI. ON-TIME 2 did 
not demonstrate significant reductions in death, MI or 
revascularization in the tirofiban arm. The clinical end 
points were driven only by bailout GPI use, an end point 
that is potentially subjective. Similarly, BRAVE-3 also 
demonstrated no reductions in clinical outcomes with 
abciximab. In comparison, HORIZONS-AMI dem-
onstrated significant mortality benefit with bivalirudin 
use in place of heparin plus GPI. The lack of bleed-
ing excess seen with GPI use in ON-TIME 2 might 
be explained by less aggressive anticoagulation (average 
ACT, ON-TIME 2 181 vs 264 s, HORIZONS-AMI), 
differences in bleeding definitions or perhaps use of vas-
cular closure devices (70% in ON-TIME 2, data not 
provided for HORIZONS-AMI) [37,39,40]. 

In summary, in the modern PCI era, no randomized 
trial has shown benefit with respect to clinical events in 
STEMI patients receiving triple antiplatelet therapy with 
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aspirin, thienopyiridines and GPI over dual antiplatelet 
therapy [38,39]. Current ACC/AHA guidelines recom-
mend selective use of GPI in the setting of STEMI at 
the time of PCI, particularly in those with large throm-
bus burden or those without adequate thienopyridine 
preloading. Furthermore, the guidelines acknowledge 
that the routine use of upstream GPI prior to primary 
PCI in STEMI subjects is uncertain [41]. These guide-
line recommendations are contradicted by recent data 
from the EUROTRANSFER registry, which has shown 
reductions in 1 year mortality with early versus in-lab 
use of GPI in patients undergoing primary PCI (8.7 vs 
15.8%; p = 0.01) [42]. Similarly, a recent meta-ana lysis 
of facilitated PCI trials suggests that early GPI use may 
improve surrogate end points such as ST-segment resolu-
tion in patients transferred for PCI [43]. Therefore, there 
may be utility to early GPI use in addition to aspirin 
and P2Y12 inhibition in selected patients undergoing 
primary PCI. Whether these new data will affect future 
guideline recommendations remains to be seen. 

Triple antiplatelet therapy in unstable 
angina/non-ST elevation MI
Pivotal trials examining GPI use in high-risk, non-ST 
elevation ACS demonstrated 30–60% reductions in 
short- and long-term ischemic end points [44,45]. These 
benefits were present in those at highest risk (i.e., indi-
viduals with positive troponin levels) [46]. These trials 
were conducted prior to the advent of routine coronary 
stenting, thienopyridine preloading and before the 
development of newer anticoagulation strategies. Trials 
conducted using these additional strategies have not 
consistently replicated prior beneficial results [6,25,27].

The ISAR-REACT 2 trial enrolled 2012 patients with 
high risk, non-ST elevation ACS (Table 3). All patients 
received unfractionated heparin, aspirin and clopido-
grel 600 mg at least 2 h prior to PCI. They were then 
randomly assigned at the time of PCI to abciximab or 
placebo. At 30 days, the primary end point of death, MI 
or TVR was significantly reduced in the group assigned 
to abciximab (8.9 vs 11.9%; p = 0.03) driven entirely 
by the subgroup of patients with elevated troponin val-
ues at baseline (relative risk: 0.71, 95% CI: 0.54–0.95). 
No benefit was seen among patients without elevated 
troponin values. There was no difference between the 
groups with respect to TIMI major bleeding. This study 
underscores the principle described above – higher risk 
patients benefit from more aggressive therapies. It is 
important to note that unfractionated heparin was used 
as the antithrombin agent in this trial [25].

In contrast to the findings of the ISAR-REACT 2 
trial, the ACUITY trial showed no benefit of routine 
GPI added to either unfractionated heparin or bivali-
rudin compared with bivalirudin alone. The ACUITY 

trial was an open-label study of 13,819 patients with 
moderate to high-risk ACS undergoing an early invasive 
strategy who were randomized to either unfractionated 
heparin or enoxaparin plus GPI (given either early or in 
the cath lab in the event of PCI), bivalirudin plus GPI 
(given either early or in the cath lab for PCI) or bivali-
rudin with provisional GPI (given only for ischemic 
bailout or procedural complications). The primary end 
point was the composite of 30-day death, MI, urgent 
TVR or major bleeding. This trial employed a non-
inferiority design for the comparison of ischemic events 
(death, MI or TVR) using a wide margin of 25%. There 
was no significant difference in the rate of the primary 
end point between groups assigned to heparin plus GPI 
and those assigned to bivalirudin plus GPI (11.7 vs 
11.8%, respectively; p = 0.93). In contrast, the strategy 
of bivalirudin with provisional GPI was associated with 
noninferior rates of ischemic events but significantly 
lower rates of major bleeding [6]. This resulted in overall 
superiority of bivalirudin alone for the quadruple com-
posite end point. There were some interesting findings 
with respect to the use of thienopyridines. Subjects not 
receiving a thienopyridine prior to angiography or PCI 
had significantly more ischemic events when receiving 
bivalirudin compared with heparin plus GPI (9.1 vs 
7.1%; relative risk: 1.29; 95% CI: 1.03–1.63). Another 
subgroup that showed a benefit with GPI was patients 
with visible thrombus prior to PCI [47]. These data 
call into question the role of routine triple antiplate-
let therapy in the setting of non-ST-segment elevation 
ACS when bivalirudin is used as the antithrombin 
agent. However, there are significant limitations to the 
ACUITY trial. It utilized an open label study design, 
had high rates of crossover among the arms, included 
events that may not be considered clinically significant 
in the definition of major bleeding (e.g., vascular access 
site hematoma >5 cm), and had a wide noninferiority 
margin (25%) [7].

Despite these limitations, the finding that routine 
GPI use is of little benefit in the modern era of ACS 
management is supported by another large clinical trial. 
The EARLY-ACS trial randomized 9492 patients with 
high-risk non-ST elevation ACS undergoing a planned 
invasive strategy to early, upstream use of eptifibatide 
(double bolus followed by 12 h infusion) versus delayed, 
provisional use at the time of PCI. Approximately 75% of 
the subjects received early clopidogrel loading (300 mg). 
The primary composite end point of death, MI, revas-
cularization or thrombotic bailout at 96 h was not dif-
ferent between groups (9.3% early vs 10.0% delayed; 
p = 0.23). Compared with those in the delayed group, 
patients in the early eptifibatide group experienced 
higher rates of TIMI major hemorrhage (2.6 vs 1.8%; 
p = 0.02) and required more blood transfusions (8.6 vs 
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6.7%; p= 0.001). No differences in secondary end point 
of death or re-infarction were noted at 30 days (11.2 vs 
12.3%; p = 0.08) [27]. A subsequent post­hoc ana l    ysis 
examining the interaction between clopidogrel use and 
GPI demonstrated that upstream clop idogrel plus early 
eptifibatide did not reduce the primary end point over 
delayed eptifibatide; however, it was associated with a 
lower risk of 30-day death or MI [48]. 

Thus, routine use of GPI in addition to aspirin and 
clopidogrel is likely of limited benefit in patients with 
non-ST-segment elevation ACS given its significant 
bleeding risk. It may be beneficial in patients at highest 
risk such as – those with elevated troponin values in 
whom an invasive management strategy is planned and 
unfractionated heparin or low molecular weight heparin 
is utilized as the anticoagulant. Further, the benefit of 
upstream GPI may be on 30-day outcomes in patients 
who have been loaded early with clopidogrel, although 
the results of this post­hoc ana lysis should be interpreted 
with caution [48]. 

Combined antiplatelet therapy utilizing 
next-generation antiplatelets agents  
The TRITON-TIMI 38 trial investigated the use of 
prasugrel in patients with moderate to high-risk ACS 
defined as STEMI or non-ST elevation ACS (TIMI risk 
score of ≥3 with elevated cardiac enzymes or significant 
ST depression) undergoing PCI. A total of 13,608 sub-
jects were randomized to prasugrel or clopidogrel prior 
to undergoing PCI. The primary end point was cardio-
vascular death, MI or stroke at 15 months. Prasugrel 
was superior to clopidogrel in reducing the primary 
end point (9.9 vs 12.1%; p > 0.001), but was noted to 
cause excess major bleeding (2.4 vs 1.8%; p = 0.03), 
including significant increases in fatal bleeding. The 
risks of prasugrel outweighed benefits in patients older 
than 75 years, those with prior stroke, and those with 
a body weight <60 kg [3]. A substudy examining PCI 
patients who were treated with GPI found that the 
benefits of prasugrel were maintained irrespective of 
whether or not GPI were used. In the population receiv-
ing GPI, upstream use was employed in only 14.7% of 
subjects. The remainder received GPI during or after 
PCI. Importantly, though prasugrel was noted to cause 
increased bleeding, this risk was not increased further 
by concomitant GPI use [49].  

The reversible, non-dihydropyridine P2Y12 inhibitor 
ticagrelor was tested against clopidogrel in the PLATO 
study. This study enrolled 18,624 patients with ACS 
including STEMI and non-ST ACS. The primary 
end point of vascular death, MI or stroke was reduced 
from 11.7% to 9.8% in subjects receiving ticagrelor 
(p < 0.001). Significant reductions in vascular death 
and MI were also noted. Excess major bleeding was 

noted in the ticagrelor group (4.5 vs 3.8%; p = 0.03). 
Approximately one quarter (26%) of patients in this 
trial were treated with GPI. The interaction p-value 
testing the effect of ticagrelor among patients who did 
and did not receive GPI was not statistically significant 
(p = 0.41) indicating that the benefit of ticagrelor was 
independent of GPI use [4]. 

The results of a PLATO substudy addressing only 
those subjects with STEMI have been recently reported. 
In the 7544 patients undergoing planned primary PCI, 
the primary end point was nonsignificantly reduced in 
the ticagrelor versus clopidogrel groups (9.4 vs 10.8%; 
p = 0.07). GPI use (36.5% of subjects) did not influ-
ence ischemic outcomes (HR 0.95; 95% CI: 0.74–1.21). 
However, in the patients not receiving GPI, there was 
a trend towards a significant reduction in the primary 
end point with ticagrelor compared with clopidogrel 
(HR 0.83, 95% CI: 0.70–1.00) [50]. 

Future perspective
It has become increasingly apparent that bleeding events 
adversely affect mortality in ACS patients [51]. As such, 
antiplatelet strategies may evolve in several important 
ways. First, since the most benefit of triple antiplatelet 
therapy in ACS patients is present in those not ade-
quately preloaded with thienopyridines prior to PCI, 
newer, more potent, reversible agents such as ticagre-
lor or the novel agent elinogrel may obviate the need 
for triple antiplatelet therapy in ACS [4,52]. Second, the 
development of tools to grade bleeding and ischemic risk 
may identify those subjects with the most to gain from 
combined antiplatelet strategies [53]. Third, advances in 
interventional equipment (e.g., smaller catheters and 
sheaths) and greater adoption of trans-radial access 
for PCI may lessen the bleeding risk associated with 
aggressive, combination antiplatelet therapies (reviewed 
in [54]). Future antiplatelet therapies for ACS will likely 
be individualized based on personalized risk profiles 
consisting of clinical and genetic markers. 

Conclusion
In summary, the anti-ischemic benefits of triple anti-
platelet therapy in ACS are limited by increased bleed-
ing risk. For patients with STEMI, triple therapy may be 
beneficial at the time of PCI when heparin is used as the 
antithrombin and in the absence of adequate thienopyri-
dine preloading. Similarly, the addition of GPI to dual 
antiplatelet therapy may be reasonable at the time of 
angiography when a large thrombus burden is present. 
In non-ST elevation ACS, there is no role for routine, 
upstream GPI use in the presence of adequate thieno-
pyridine loading; this strategy is reserved for subjects at 
highest risk (e.g., positive tropinin or refractory symp-
toms). Triple antiplatelet therapy remains indicated for 
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bailout thrombotic complications during PCI. The role 
of triple antiplatelet therapy when using more potent, 
rapid-acting antiplatelet agents such as prasugrel and 
ticagrelor is even less clear. These newer agents may 
narrow the clinical utility for triple antiplatelet therapy 
even further.
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Executive summary

 ■ Platelet activation and aggregation are the pathologic hallmarks of acute coronary syndromes (ACS).
 ■ Combined antiplatelet therapies that target multiple pathways of platelet activity improve ischemic outcomes in patients with 
ACS at a cost of increased bleeding risk.

 ■ Triple antiplatelet therapy in ST-elevation myocardial infarction is indicated in subjects receiving percutaneous coronary 
intervention on heparin without thienopyridine preloading or in those with large thrombus burden present on angiography.

 ■ In non-STE elevation ACS subjects, triple antiplatelet therapy is reserved for patients with high-risk features or for bailout 
indications during percutaneous coronary intervention.

 ■ Newer, more potent and rapid-acting antiplatelet agents may narrow the clinical utility for triple antiplatelet therapy even further.

Bibliography
1 Yusuf S, Zhao F, Mehta SR, Chrolavicius S, 

Tognoni G, Fox KK. Effects of clopidogrel in 
addition to aspirin in patients with acute 
coronary syndromes without ST-segment 
elevation. N.­Engl.­J.­Med. 345(7), 494–502 
(2001).

2 Anderson JL, Adams CD, Antman EM­et­al. 
ACC/AHA 2007 guidelines for the 
management of patients with unstable 
angina/non-ST-Elevation myocardial 
infarction: a report of the American College of 
Cardiology/American Heart Association Task 
Force on Practice Guidelines (Writing 
Committee to Revise the 2002 Guidelines for 
the Management of Patients With Unstable 
Angina/Non-ST-Elevation Myocardial 
Infarction) developed in collaboration with the 
American College of Emergency Physicians, 
the Society for Cardiovascular Angiography 
and Interventions, and the Society of Thoracic 
Surgeons endorsed by the American 
Association of Cardiovascular and Pulmonary 
Rehabilitation and the Society for Academic 
Emergency Medicine. J.­Am.­Coll.­Cardiol. 
50(7), e1-e157 (2007).

3 Wiviott SD, Braunwald E, McCabe CH­et­al. 
Prasugrel versus clopidogrel in patients with 
acute coronary syndromes. N.­Engl.­J.­Med. 
357(20), 2001–2015 (2007).

4 Wallentin L, Becker RC, Budaj A­et­al. 
Ticagrelor versus clopidogrel in patients with 
acute coronary syndromes. N.­Engl.­J.­Med. 
361(11), 1045–1057 (2009).

5 Rao SV, Eikelboom JA, Granger CB, 
Harrington RA, Califf RM, Bassand JP. 
Bleeding and blood transfusion issues in 
patients with non-ST-segment elevation acute 
coronary syndromes. Eur.­Heart.­J. 28(10), 
1193–1204 (2007).

6 Stone GW, McLaurin BT, Cox DA­et­al. 
Bivalirudin for patients with acute coronary 
syndromes. N.­Engl.­J.­Med. 355(21), 
2203–2216 (2006).

7 Saucedo JF. Balancing the benefits and risks of 
antiplatelet agents in patients with non-ST-
segment elevated acute coronary syndromes 
and undergoing percutaneous coronary 
intervention. J.­Thromb.­Thrombolysis 30(2), 
200–209 (2010).

8 Mizuno K, Satomura K, Miyamoto A­et­al. 
Angioscopic evaluation of coronary-artery 
thrombi in acute coronary syndromes. N.­Engl.­
J.­Med. 326(5), 287–291 (1992).

9 Gurbel PA, Tantry US. The rationale for and 
comparisons of different antiplatelet treatments 
in acute coronary syndrome. J.­Interv.­Cardiol. 
21(Suppl. 1), S10–S17 (2008).

10 Falk E, Shah PK, Fuster V. Coronary plaque 
disruption. Circulation 92(3), 657–671 (1995).

11 Davi G, Patrono C. Platelet activation and 
atherothrombosis. N.­Engl.­J.­Med. 357(24), 
2482–2494 (2007).

12 Roth GJ, Stanford N, Majerus PW. 
Acetylation of prostaglandin synthase by 
aspirin. Proc.­Natl­Acad.­Sci.­USA, 72(8), 
3073–3076 (1975).

13 Pedersen AK, FitzGerald GA. Dose-related 
kinetics of aspirin. Presystemic acetylation of 
platelet cyclooxygenase. N.­Engl.­J.­Med. 
311(19), 1206–1211 (1984).

14 Bennett CL, Connors JM, Carwile JM­et­al. 
Thrombotic thrombocytopenic purpura 
associated with clopidogrel. N.­Engl.­J.­Med. 
342(24), 1773–1777 (2000).

15 Wiviott SD, Antman EM, Braunwald E. 
Prasugrel. Circulation 122(4), 394–403 (2010).

16 Wiviott SD, Trenk D, Frelinger AL­et­al. 
Prasugrel compared with high loading- and 
maintenance-dose clopidogrel in patients with 
planned percutaneous coronary intervention: 
the prasugrel in comparison to clopidogrel for 
inhibition of platelet activation and 
aggregation-thrombolysis in myocardial 
infarction 44 trial. Circulation 116(25), 
2923–2932 (2007).

17 Jernberg T, Payne CD, Winters KJ­et­al. 
Prasugrel achieves greater inhibition of platelet 
aggregation and a lower rate of non-responders 
compared with clopidogrel in aspirin-treated 
patients with stable coronary artery disease. 
Eur.­Heart­J. 27(10), 1166–1173 (2006).

18 Cannon CP, Husted S, Harrington RA­et­al. 
Safety, tolerability, and initial efficacy of 
AZD6140, the first reversible oral adenosine 
diphosphate receptor antagonist, compared 
with clopidogrel, in patients with non-ST-
segment elevation acute coronary syndrome: 
primary results of the DISPERSE-2 trial. 
J.­Am.­Coll.­Cardiol. 50(19), 1844–1851 
(2007).



www.future-science.com future science group1164

Review: Clinical Trial Outcomes  Hawkins, Saucedo & Rao

19 Mega JL, Simon T, Collet JP­et­al. Reduced-
function CYP2C19 genotype and risk of 
adverse clinical outcomes among patients 
treated with clopidogrel predominantly for 
PCI: a meta-ana lysis. JAMA 304(16), 
1821–1830 (2010).

20 Brandt JT, Close SL, Iturria SJ­et­al. Common 
polymorphisms of CYP2C19 and CYP2C9 
affect the pharmacokinetic and 
pharmacodynamic response to clopidogrel but 
not prasugrel. J.­Thromb.­Haemost. 5(12), 
2429–2436 (2007).

21 Wallentin L, James S, Storey RF­et­al. Effect 
of CYP2C19 and ABCB1 single nucleotide 
polymorphisms on outcomes of treatment 
with ticagrelor versus clopidogrel for acute 
coronary syndromes: a genetic substudy of the 
PLATO trial. Lancet 376(9749), 1320–1328 
(2010).

22 Lefkovits J, Plow EF, Topol EJ. Platelet 
glycoprotein IIb/IIIa receptors in 
cardiovascular medicine. N.­Engl.­J.­Med. 
332(23), 1553–1559 (1995).

23 Duffy B, Bhatt DL. Antiplatelet agents in 
patients undergoing percutaneous coronary 
intervention: how many and how much? 
Am.­J.­Cardiovasc.­Drugs 5(5), 307–318 
(2005).

24 No authors listed. Randomised placebo-
controlled trial of effect of eptifibatide on 
complications of percutaneous coronary 
intervention: IMPACT-II. Integrilin to 
minimise platelet aggregation and coronary 
thrombosis-II. Lancet 349(9063), 1422–1428 
(1997).

25 Kastrati A, Mehilli J, Neumann FJ­et­al. 
Abciximab in patients with acute coronary 
syndromes undergoing percutaneous coronary 
intervention after clopidogrel pretreatment: 
the ISAR-REACT 2 randomized trial. JAMA 
295(13), 1531–1538 (2006).

26 No authors listed. Effects of platelet 
glycoprotein IIb/IIIa blockade with tirofiban 
on adverse cardiac events in patients with 
unstable angina or acute myocardial 
infarction undergoing coronary angioplasty. 
The RESTORE investigators. Randomized 
efficacy study of tirofiban for outcomes and 
restenosis. Circulation 96(5), 1445–1453 
(1997).

27 Giugliano RP, White JA, Bode C­et­al. Early 
versus delayed, provisional eptifibatide in 
acute coronary syndromes. N.­Engl.­J.­Med. 
360(21), 2176–2190 (2009).

28 Boersma E, Harrington RA, Moliterno DJ­
et­al. Platelet glycoprotein IIb/IIIa inhibitors 
in acute coronary syndromes: a meta-ana lysis 
of all major randomised clinical trials. Lancet 
359(9302), 189–198 (2002).

29 Leon MB, Baim DS, Popma JJ­et­al. A clinical 
trial comparing three antithrombotic-drug 
regimens after coronary-artery stenting. Stent 
Anticoagulation Restenosis Study 
Investigators. N.­Engl.­J.­Med. 339(23), 
1665–1671 (1998).

30 Sabatine MS, Cannon CP, Gibson CM­et­al. 
Addition of clopidogrel to aspirin and 
fibrinolytic therapy for myocardial infarction 
with ST-segment elevation. N.­Engl.­J.­Med. 
352(12), 1179–1189 (2005).

31 Steinhubl SR, Berger PB, Mann JT­et­al. 
Early and sustained dual oral antiplatelet 
therapy following percutaneous coronary 
intervention – a randomized controlled trial. 
JAMA 288(19), 2411–2420 (2002).

32 Chen ZM, Jiang LX, Chen YP­et­al. Addition 
of clopidogrel to aspirin in 45,852 patients 
with acute myocardial infarction: randomised 
placebo-controlled trial. Lancet 366(9497), 
1607–1621 (2005).

33 Cuisset T, Frere C, Quilici J­et­al. High 
post-treatment platelet reactivity is associated 
with a high incidence of myonecrosis after 
stenting for non-ST elevation acute coronary 
syndromes. Thromb.­Haemost. 97(2), 
282–287 (2007).

34 Antman EM, Hand M, Armstrong PW­et­al. 
2007 Focused update of the ACC/AHA 2004 
guidelines for the management of patients 
with ST-elevation myocardial infarction: a 
report of the American College of 
Cardiology/American Heart Association Task 
Force on Practice Guidelines: developed in 
collaboration with the Canadian 
Cardiovascular Society endorsed by the 
American Academy of Family Physicians: 
2007 Writing Group to review new evidence 
and update the ACC/AHA 2004 guidelines 
for the management of patients with 
ST-elevation myocardial infarction, writing 
on behalf of the 2004 Writing Committee. 
Circulation 117(2), 296–329 (2008).

35 Eisenberg MJ, Jamal S. Glycoprotein IIb/IIIa 
inhibition in the setting of acute ST-segment 
elevation myocardial infarction. J.­Am.­Coll.­
Cardiol. 42(1), 1–6 (2003).

36 Kandzari DE, Hasselblad V, Tcheng JE­et­al. 
Improved clinical outcomes with abciximab 
therapy in acute myocardial infarction: a 
systematic overview of randomized clinical 
trials. Am.­Heart­J. 147(3), 457–462 (2004).

37 Mehilli J, Kastrati A, Schulz S­et­al. 
Abciximab in patients with acute ST-segment-
elevation myocardial infarction undergoing 
primary percutaneous coronary intervention 
after clopidogrel loading: a randomized 
double-blind trial. Circulation 119(14), 
1933–1940 (2009).

38 Schulz S, Birkmeier KA, Ndrepepa G­et­al. 
One-year clinical outcomes with abciximab 
in acute myocardial infarction: results of the 
BRAVE-3 randomized trial. Clin.­Res.­
Cardiol. 99(12), 795–802 (2010).

39 van’t Hof AWJ, ten Berg J, Heestermans T­
et­al. Prehospital initiation of tirofiban in 
patients with ST-elevation myocardial 
infarction undergoing primary angioplasty 
(On-TIME 2): a multicentre, double-blind, 
randomised controlled trial. Lancet 
372(9638), 537–546 (2008).

40 Stone GW, Witzenbichler B, Guagliumi G­
et­al. Bivalirudin during primary PCI in 
acute myocardial infarction. N.­Engl.­J.­Med. 
358(21), 2218–2230 (2008).

41 Kushner FG, Hand M, Smith SC, Jr.­et­al. 
2009 focused updates: ACC/AHA 
guidelines for the management of patients 
with ST-elevation myocardial infarction 
(updating the 2004 guideline and 2007 
focused update) and ACC/AHA/SCAI 
guidelines on percutaneous coronary 
intervention (updating the 2005 guideline 
and 2007 focused update) a report of the 
American College of Cardiology 
Foundation/American Heart Association 
Task Force on Practice Guidelines. J.­Coll.­
Cardiol. 54(23), 2205–2241 (2009).

42 Rakowski T, Siudak Z, Dziewierz A­et­al. 
Early abciximab administration before 
transfer for primary percutaneous coronary 
interventions for ST-elevation myocardial 
infarction reduces 1-year mortality in 
patients with high-risk profile. Results from 
EUROTRANSFER registry. Am.­Heart­J. 
158(4), 569–575 (2009).

43 De Luca G, Gibson CM, Bellandi F­et­al. 
Early glycoprotein IIb-IIIa inhibitors in 
primary angioplasty (EGYPT) cooperation: 
an individual patient data meta-ana lysis. 
Heart 94(12), 1548–1558 (2008).

44 No authors listed. Inhibition of the platelet 
glycoprotein IIb/IIIa receptor with tirofiban 
in unstable angina and non-Q-wave 
myocardial infarction. Platelet receptor 
inhibition in ischemic syndrome 
management in patients limited by unstable 
signs and symptoms (PRISM-PLUS) study 
investigators. N.­Engl.­J.­Med. 338(21), 
1488–1497 (1998).

45 Hamm CW, Heeschen C, Goldmann B­et­al. 
Benefit of abciximab in patients with 
refractory unstable angina in relation to 
serum troponin T levels. c7E3 Fab 
antiplatelet therapy in unstable refractory 
angina (CAPTURE) study investigators. 
N.­Engl.­J.­Med. 340(21), 1623–1629 
(1999).



Triple antiplatelet therapy in acute coronary syndromes Review: Clinical Trial Outcomes

future science group Clin. Invest. (2011) 1(8) 1165

46 Boersma E, Harrington RA, Moliterno DJ, 
White H, Simoons ML. Platelet glycoprotein 
IIb/IIIa inhibitors in acute coronary 
syndromes. Lancet 360(9329), 342–343 
(2002).

47 Stone GW, White HD, Ohman EM­et­al. 
Bivalirudin in patients with acute coronary 
syndromes undergoing percutaneous coronary 
intervention: a subgroup ana lysis from the 
Acute Catheterization and Urgent 
Intervention Triage strategy (ACUITY) trial. 
Lancet 369(9565), 907–919 (2007).

48 Wang TY, White JA, Tricoci P­et­al. 
Upstream clopidogrel use and the efficacy and 
safety of early eptifibatide treatment in 
patients with acute coronary syndrome: an 
analysis from the early glycoprotein IIb/IIIa 
inhibition in patients with non-ST-segment 
elevation acute coronary syndrome (EARLY 
ACS) trial. Circulation 123, 722–730 (2011).

49 O’Donoghue M, Antman EM, Braunwald E­
et­al. The efficacy and safety of prasugrel with 
and without a glycoprotein IIb/IIIa inhibitor 
in patients with acute coronary syndromes 
undergoing percutaneous intervention: a 
TRITON-TIMI 38 (trial to assess 
improvement in therapeutic outcomes by 
optimizing platelet inhibition with prasugrel-
thrombolysis in myocardial infarction 38) 
ana lysis. J.­Am.­Coll.­Cardiol. 54(8), 678–685 
(2009).

50 Steg PG, James S, Harrington RA­et­al. 
Ticagrelor versus clopidogrel in patients with 
ST-elevation acute coronary syndromes 
intended for reperfusion with primary 
percutaneous coronary intervention: a platelet 
inhibition and patient outcomes (PLATO) 
trial subgroup ana lysis. Circulation 122(21), 
2131–2141 (2010).

51 Rao SV, O’Grady K, Pieper KS­et­al. Impact of 
bleeding severity on clinical outcomes among 
patients with acute coronary syndromes. 
Am.­J.­Cardiol. 96(9), 1200–1206 (2005).

52 Ueno M, Rao SV, Angiolillo DJ. Elinogrel: 
pharmacological principles, preclinical and 
early phase clinical testing. Future­Cardiol. 
6(4), 445–453 (2010).

53 Mehran R, Pocock SJ, Nikolsky E­et­al. A risk 
score to predict bleeding in patients with acute 
coronary syndromes. J.­Am.­Coll.­Cardiol. 
55(23), 2556–2566 (2010).

54 Rao SV, Cohen MG, Kandzari DE, 
Bertrand OF, Gilchrist IC. The transradial 
approach to percutaneous coronary 
intervention: historical perspective, current 
concepts, and future directions. J.­Am.­Coll.­
Cardiol. 55(20), 2187–2195 (2010).


