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Antiplatelet therapy in PCI
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Abstract

Platelets play a key role in mediating stent thrombosis, the major cause of ischemic events in the
immediate period following percutaneous coronary intervention (PCI). For this reason, antiplatelet
therapy, started at the time of PCI and continued for at least 30 days afterwards, is the cornerstone
of antithrombotic therapy after PCI. However, the use of antiplatelet agents increase bleeding risk,
with more potent antiplatelet agents further increasing bleeding risk. For this reason, balancing
prevention of ischemic events with risk of bleeding is fundamental to the effective use of
antiplatelet agents. In the past 5 years, potent and fast-acting P2Y 1, inhibitors have been
introduced, and have augmented the antiplatelet armamentarium available to interventional
cardiologists. In this review, we review the preclinical and clinical data surrounding these new
agents, and discuss the significant questions and controversies that still exist regarding the optimal
antiplatelet strategy.
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Introduction

Dual antiplatelet therapy (DAPT) with aspirin and a P2Y 1, inhibitor is the evidence-based,
guideline-recommended cornerstone of antithrombotic therapy for patients undergoing
percutaneous coronary intervention (PCI) across a spectrum of indications. Fundamental to
DAPT use is the balance of bleeding with the risk of recurrent myocardial infarction and
stent thrombosis.

Until recently, the only available P2Y 1, inhibitors were clopidogrel and ticlopidine, both
prodrugs metabolized into active metabolites that irreversibly bind the adenosine P2Y 1,
receptor on platelet surfaces inhibiting platelet aggregation. Due to the requirement for first
pass metabolism in the liver, neither drug achieves steady state levels of platelet inhibition
for several hours following dosing, leaving a window of inadequate platelet inhibition during
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which post-PCI patients are theoretically vulnerable to acute stent thrombosis if they are not
loaded with a P2Y 15 inhibitor prior to PCI.

Over the past 5 years, 3 highly-potent, fast-acting P2Y 1, inhibitors have been introduced to
the market: prasugrel, ticagrelor, and cangrelor. Prasugrel and ticagrelor are oral agents, and
cangrelor is an intravenous agent. These agents all achieve maximal platelet inhibition
within 1 hour of loading dose in healthy volunteers. However, these drugs exhibit different
pharmacokinetics in real-world patients undergoing PCI, especially patients with ST-
segment elevation myocardial infarction (STEMI) and non-ST segment elevation acute
coronary syndrome (NSTE-ACS), which may have important implications for their use as
antiplatelet agents in urgent and primary PCI. These agents are additions to the antiplatelet
armamentarium that also include aspirin and glycoprotein llb/Illa inhibitors, creating an
array of combinations available for use in patients undergoing PCI.

This review will focus on the pharmacokinetic and pharmacodynamics properties of the
newer and older P2Y 1, inhibitors as well as glycoprotein 11b/Illa inhibitors, and the clinical
trial evidence supporting use of each of the available antiplatelet agents. Their effects on
periprocedural major bleeding and early stent thrombosis will also be discussed, as will the
optimal combinations and usage to achieve the best clinical outcomes.

The central role of platelets in outcomes after PCI: stent thrombosis and

bleeding

Platelets are integrally involved in the pathogenesis of adverse events after PCI. In particular,
stent thrombosis is a platelet-mediated phenomenon, and the antithrombotic effect of
antiplatelet therapy predisposes patients to bleeding complications. Inhibitors of platelet
activation and aggregation are therapeutic options for patients undergoing PCI. Figure 1
shows potential receptor targets on the platelet surface, some of which are targets of
available antiplatelet agents used for PCI.

In the immediate post-PCI period, acute stent thrombosis and periprocedural bleeding are
two events of concern. Both events are associated with increased mortality. Stent thrombosis
can be grouped into acute (< 24 hours post PCI), subacute (24 hours to 30 days), late (30
days to 1 year), and very late (> 1 year). In an analysis of the RISK-PCI clinical trial, the 30-
day risk adjusted mortality was more than 5-fold higher in patients with early (acute or
subacute) stent thrombosis than those without, and 1-year risk adjusted mortality was more
than 4-fold higher.! In an analysis of the DESERT primary PCI registry, patients with stent
thrombosis had a raw mortality rate of 23.6%, compared to 6% in those without stent
thrombosis.2 This increase in mortality with stent thrombosis persists in patients without
STEMI: In an analysis of the ACUITY trial, which enrolled patients undergoing urgent PCI
for NSTE-ACS, 30-day mortality was 24.7% in patients with stent thrombosis, compared to
0.5% in those without.3

Similarly, post-PCI bleeding has long been identified as an independent predictor of
mortality in patients undergoing elective, urgent, and emergent PCI. In a pooled analysis of
3 clinical trials enrolling patients undergoing PCI for stable coronary artery disease (CAD),
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NSTE-ACS, and STEMI, post-PCI major bleeding increased risk-adjusted 1-year mortality
4.2-fold, an increase in mortality greater than that of recurrent M1 within 30 days.# Analyses
of the GRACE and CathPClI registries found similar links between major bleeding and
mortality,>6 with one CathPCI study demonstrating an additional in-hospital death for every
29 patients with PCl-related major bleeding.’

Interestingly, stent thrombosis carries a greater risk of death, but is rarer than bleeding
leading to differences in attributable deaths for the two events. Acute stent thrombosis
occurs in about 0.4% of PCIs® and major bleeding occurs in about 1.7-2% in contemporary
registries, depending on the definition.”-?

Importantly, both stent thrombosis and major bleeding are more common in patients with
ACS than in those undergoing stenting for stable angina.? The rate of early stent thrombosis
increases along the continuum from elective to primary PCI: 0.4% in elective PCI, 1.4% in
urgent PCI for NSTEMI, and 3.1% in primary PCI (Table 1).10

Beyond type of presentation, the strongest risk factors for PCl-related major bleeding
include increasing age, female sex, pre-existing anemia, and renal failure.611 In clinical
trials evaluating different antithrombotic strategies, like ACUITY, HORIZONS-AMI, and
REPLACE-2, randomization to heparin plus routine glycoprotein I1b/Illa inhibitors (as
compared to bivalirudin) was also a very strong predictor of bleeding.*

The strongest predictor of stent thrombosis across multiple studies is premature cessation of
DAPT. Other risk factors include presentation with STEMI, diabetes mellitus, complex
CAD, and procedural factors like stent length, stent diameter, successful restoration of
coronary artery flow, and lack of P2Y 1, inhibitor treatment prior to stenting.1-3:8.12.13 Thjs
fact highlights the central role of periprocedural antiplatelet therapy in both PCl-related
major bleeding and early stent thrombosis.

Antiplatelet agents

Ticlopidine

Clopidogrel

Ticlopidine is an oral thienopyridine molecule that requires metabolism in the liver into a
biologically active form that irreversibly binds to, and inhibits, the P2Y 15 subunit of the
platelet ADP receptor. Due to this need for first pass metabolism, when given to healthy
volunteers at a standard dose (250mg twice daily), ticlopidine required 3 to 4 days to achieve
maximal platelet inhibition.14 However, despite favorable effects on platelets, ticlopidine’s
use is limited by its side effects, which include diarrhea, rash, and agranulocytosis.1® Of
these, the most serious is agranulocytosis, which develops in up to 2.4% of patients treated
with ticlopidine, with the incidence increasing with longer duration of treatment.1®

Clopidogrel is another oral thienopyridine that irreversibly inhibits the P2Y 15 subunit of the
ADP receptor on platelets. Clopidogrel is also a prodrug that is converted to its active form

by the CYP2C19 enzyme in the liver, with less than 15% of the prodrug being converted to

active metabolite.18 In healthy subjects treated with aspirin plus a loading dose of 300mg
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clopidogrel, inhibition of an ex vivo model of arterial thrombosis occurs within 1.5 hours,
though the peak effect is delayed by 6 hours, consistent with clopidogrel’s need to undergo
first pass metabolism prior to taking effect.1” Pharmacodynamic studies conducted in
patients with stable CAD undergoing PCI similarly showed that platelet reactivity remained
high 4 hours following a loading dose of 300mg.18

Prasugrel is another oral thienopyridine P2Y 15 inhibitor that requires first pass metabolism
into an active metabolite. However, unlike clopidogrel and ticlopidine, in which a majority
of the absorbed drug is converted into molecules that have no effect on platelet aggregation,
prasugrel is efficiently converted into its active metabolite, leading to a much higher
likelihood of response and faster onset of action than clopidogrel.19 In preclinical studies in
healthy volunteers, prasugrel reaches peak platelet inhibition within 1 hour following
administration, and reaches an equivalent level of platelet inhibition to clopidogrel’s
maximal platelet inhibition within 15 minutes.20 These findings were similar in patients with
stable CAD and those undergoing PCI, with maximal platelet inhibition reached within 2
hours after a loading dose of prasugrel 60mg.21:22

Unlike prasugrel, clopidogrel, and ticlopidine, ticagrelor is an oral pentotriazolo-pyrimidine.
Its development was precipitated by the discovery that ATP reversibly inhibits the P2Y 15
subunit of the ADP receptor at a site distinct from the thienopyridines.1® Ticagrelor
undergoes first pass metabolism in the liver, but both ticagrelor and its major metabolite
inhibit platelet aggregation. Ticagrelor’s rapidity of onset and potency was demonstrated in
the ONSET/OFFSET trial, which randomized stable patients with CAD to a loading dose of
ticagrelor or clopidogrel followed by maintenance dosing, and measured platelet function.23
By 1 hour after loading, ticagrelor had already inhibited platelets more effectively than
clopidogrel’s peak effect, and 98% of patients had > 50% platelet inhibition after 2 hours.
Other pre-clinical studies demonstrated similar effects.24

Like ticagrelor, cangrelor is an ATP analog that is biologically active without any need for
first pass metabolism and reversibly inhibits the P2Y 1, subunit of the ADP receptor.1®
Unlike the previously discussed agents, cangrelor is administered intravenously. Since
cangrelor does not require either gastrointestinal absorption or first pass metabolism, it
inhibits platelets immediately upon the start of its infusion. Unlike the oral P2Y 15 inhibitors,
which have plasma half-lives between 7 and 8.5 hours, cangrelor’s plasma half-life is 3
minutes, and its antiplatelet effect lasts less than 30 minutes after the infusion is stopped.1®

Glycoprotein lIb/llla inhibitors: tirofiban, eptifibatide, and abciximab

Unlike P2Y 1, receptor antagonists, which inhibit platelet activation upstream of platelet
aggregation, glycoprotein I1b/ll1a receptor antagonists exert their antiplatelet effect via
blockade of the glycoprotein l1b/Illa receptor, which is involved directly in binding fibrin
and allows for aggregation of adjacent platelets. First studied in the mid-1990s, these drugs,
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which include tirofiban, eptifibatide, and abciximab, inhibit platelet aggregation nearly
completely within 15 minutes of intravenous bolus, theoretically making them ideal
antiplatelet agents for use in PCI.25 Abciximab, a fragment of a human-murine monoclonal
antibody, irreversibly binds to and inactivates platelets; thus, even though abciximab has a
short plasma half-life, it exerts its antiplatelet effect as long as abciximab-bound platelets
remain in circulation. In contrast, tirofiban and eptifibatide are reversible inhibitors of the
glycoprotein Ilb/I11a receptor with short plasma half-lives, with platelet aggregation
returning to normal within 4 hours of cessation of an infusion.28

Clinical data

Ticlopidine

Clopidogrel

Pivotal randomized trials conclusively demonstrated that coronary stents reduce the
incidence abrupt closure and restenosis compared with balloon angioplasty alone.2’-2% The
disadvantages of stenting include neointimal hyperplasia (leading to in-stent restenosis) and
stent thrombosis.29 Subsequent clinical trials employed aggressive antiplatelet treatment
with aspirin and dipyridamole, and anticoagulation with heparin and warfarin. Despite these
aggressive measures, stent thrombosis continued to complicate up to 3.5% of cases.27+28

The development of the potent antiplatelet agent ticlopidine and demonstration of its
efficacy in registry studies and small clinical trials3%:31 led to the STARS trial, in which 1653
patients who underwent successful coronary stenting were randomized to aspirin alone,
aspirin plus ticlopidine, or aspirin plus warfarin (Table 2).32 Compared to aspirin alone,
aspirin plus ticlopidine reduced the incidence of 30-day death, target vessel
revascularization, angiographically-evident stent thrombosis, or M1 by 85% (0.5% vs. 3.6%;
RR 0.15, 95% CI 0.05-0.43; p< 0.001). The rate of stent thrombosis was also reduced with
ticlopidine (0.5 vs. 2.9% ; RR 0.19, 95% CI 0.06-0.57; p=0.005). Compared with the
combination of aspirin and warfarin, treatment with aspirin plus ticlopidine reduced the risk
of the primary outcome to a slightly smaller degree (0.5% vs. 2.7%; RR 0.20, 95% CI 0.07-
0.61; p=0.01); all clinical events in both groups were stent thromboses. The combination of
aspirin and ticlopidine increased the rate of hemorrhagic complications 3-fold compared
with aspirin alone (5.5% vs. 1.8%, RR 3.06, p= 0.002) but had a similar rate of hemorrhagic
complications to the combination of aspirin plus warfarin. This trial established that stent
thrombosis is a platelet-mediated phenomenon, and dual antiplatelet therapy was essential to
reduce adverse outcomes after PCI with stenting.

Despite ticlopidine’s superior efficacy to aspirin alone, concerns persisted about its side
effects, especially agranulocytosis, which was sometimes irreversible. Preclinical studies
reported that clopidogrel was as efficacious as ticlopidine without similar safety concerns.
The CLASSICS trial was thus designed to compare the safety of several different regimens
of aspirin plus clopidogrel to aspirin plus ticlopidine in a cohort of patients that had
undergone successful stenting.33 The primary endpoint of the study — major bleeding,
neutropenia, thrombocytopenia, or treatment discontinuation due to an adverse drug event at
28 days — occurred in 9.1% of the ticlopidine treated cohort, compared to 4.6% of the
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clopidogrel cohort (RR 0.50, 95% CI1 0.31-0.51, p=0.005). This endpoint was driven
almost entirely by discontinuation of ticlopidine for gastrointestinal reasons; only 1 of the
340 patients in the ticlopidine arm developed neutropenia, and bleeding risk was similar
between the two groups. Although the study was not powered to detect a difference in
cardiovascular events, patients treated with ticlopidine and clopidogrel had similar rates of
major adverse cardiovascular events at 28 days.33

After other clinical trials demonstrated comparable efficacy between clopidogrel and
ticlopidine for the prevention of cardiovascular events,1%34 and the long-term safety of
clopidogrel was confirmed in the 19,000-patient CAPRIE study,3® ticlopidine largely fell out
of use due to its side effect profile.

Initially, trials of DAPT in patients undergoing stenting largely enrolled either populations
with stable CAD or unselected populations. PCI-CURE was a substudy of patients
undergoing PCI in the CURE trial, which randomized patients with NSTE-ACS to
clopidogrel or placebo, started immediately and continued for 3-12 months.36 Since the
standard of care for patients undergoing stenting required DAPT for 4 weeks following
stenting, all patients in PCI-CURE received clopidogrel following stenting; however, only
the group randomized to clopidogrel received clopidogrel pre-treatment prior to stenting.3’
Thus, PCI-CURE’s 30-day outcomes represent the findings of a clinical trial comparing
clopidogrel pre-treatment to no clopidogrel pre-treatment. The clopidogrel group was loaded
with 300mg clopidogrel and treated with 75mg daily for a median of 6 days prior to PCI.
Clopidogrel pre-treatment reduced the rate of the primary endpoint — 30-day cardiovascular
death, M, or urgent target vessel revascularization — by 30% (4.5% vs. 6.4%, RR 0.70, 95%
Cl 0.50-0.97; p=0.03); this reduction in the rate of the primary endpoint appeared as early
as 2 days after PC1.3” Major bleeding rates from the time of PCI to 30 days were comparable
between the two groups (1.6% with clopidogrel vs. 1.4% with placebo).

In the CLARITY trial, the benefit of clopidogrel plus aspirin for prevention of
cardiovascular events after stenting was extended to patients with STEMI.38:39 |n CLARITY,
patients with STEMI treated with fibrinolytics received clopidogrel (300mg loading dose,
followed by 75mg daily) or placebo, prior to undergoing coronary angiography 2 to 8 days
(median 3 days) after presentation.38 PCI-CLARITY was a substudy enrolling patients
undergoing PCI after coronary angiography. As in PCI-CURE, P2Y 1, treatment as an
adjunct to PCI had already been established as the standard of care, so 75% of patients in
both the clopidogrel and placebo groups received a loading dose of clopidogrel or
ticlopidine at the time of stenting, and 90% received maintenance P2Y 1, inhibitor therapy.3°
Thus, PCI-CLARITY represents the results of a trial comparing clopidogrel pretreatment to
no clopidogrel pretreatment in STEMI. Similar to PCI-CURE, pretreatment with clopidogrel
reduced the risk of 30-day major adverse cardiovascular events (cardiovascular death,
recurrent MI, or stroke) following PCI by 46% (3.6% vs. 6.2%, OR 0.54, 95% CI 0.35-0.85,
p=0.008).3° The rate of TIMI major bleeding and overall bleeding was similar between the
two groups (major bleeding: 0.5% with clopidogrel vs. 1.1% with placebo; overall bleeding
2% vs. 1.9%).
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After DANAMI-2 and PRAGUE-2 (amongst other, smaller trials) demonstrated the
superiority of primary PCI to fibrinolytics in STEMI,%041 and multiple trials demonstrated
the superiority of a routine invasive strategy in NSTE-ACS to a delayed, provisional
strategy*?, the practice of clopidogrel preloading followed by delayed PCI tested in PCI-
CURE and PCI-CLARITY became inconsistent with contemporary clinical practice. Since
treatment with P2Y 1, inhibitors at the time of PCI had been established as the standard of
care, no trial has tested the efficacy of P2Y 1, inhibitors versus placebo given immediately
prior to PCI in patients with ACS. Despite this fact, however, future trials of oral P2Y 1,
inhibitors in ACS compared either higher loading doses of clopidogrel to lower doses given
within 8 hours of PCI or new P2Y 1, inhibitors to clopidogrel.

In the ARMYDA-2 trial, patients undergoing elective PCI who were randomized to a 600mg
loading dose of clopidogrel, given 4 to 8 hours prior to PCI, had a lower risk of death,
periprocedural Ml, or target vessel revascularization compared with the group randomized to
the 300 mg loading dose (4% vs. 12%; RR 0.48).43 Similarly, in CURRENT OASIS-7,
patients with ACS (37% with STEMI) were randomized to a loading dose of 600mg of
clopidogrel followed by 150mg daily or a loading dose of 300mg followed by 75mg daily.
Among patients undergoing PCI, higher-dose clopidogrel reduced a primary endpoint of
death, MI, or stroke by 14% (3.9% vs. 4.5%, RR 0.86, 95% CI 0.76-0.99, p=0.039), with
most of that reduction driven by reduction in recurrent MI. Outcomes were consistent in the
NSTE-ACS and STEMI subgroups, despite the fact that patients undergoing PCI for STEMI
underwent PCI at a median time of 0.5 hours following clopidogrel loading. Those patients
treated with higher-dose clopidogrel also had a reduction in the rate of stent thrombosis
occurring within 2 days of PCI from 0.4% to 0.2%.%* A subsequent meta-analysis of 7
studies investigating clinical outcomes in patients receiving 600mg or 300mg clopidogrel
loading doses prior to PCI demonstrated a 34% relative risk reduction in major adverse
cardiac events in patients treated with a higher loading dose with no increase in major
bleeding events.*®

In the TRITON TIMI-38 trial, patients with moderate- to high-risk ACS (including both
STEMI and NSTE-ACS) were randomized after diagnostic angiography to 300mg
clopidogrel or 60mg prasugrel, with the loading dose given any time between randomization
and 1 hour after leaving the cardiac catheterization lab.%6. Since patients were not preloaded
with a P2Y 1, inhibitor, 55% received a glycoprotein 11b/l11a inhibitor. Compared with
clopidogrel, prasugrel reduced the incidence of death, nonfatal stroke, or nonfatal Ml by
19% (9.9% vs. 12.1%, HR 0.81, 95% CI 0.73-0.90, p < 0.001) after 15 months. However,
this reduction in ischemic events came at a cost of an increased risk of major bleeding,
including fatal bleeding (2.4% vs. 1.8%, HR 1.32, 95% CI 1.03-1.68, p= 0.03; fatal
bleeding 0.4% vs 0.1%, HR 4.19, 95% CI 1.58-11.11, p=0.002). Prasugrel reduced the
incidence of stent thrombosis by > 50% (1.1 vs. 2.4%, RR 0.48, 95% CI 0.36-0.64, p<
0.001), appearing as early as 3 days following stent implantation (0.33% vs. 0.67%) and
occurring regardless of stent type (drug-eluting or bare metal). The role of prasugrel in PCI
for stable angina has not been studied.
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In the PLATO trial, patients with ACS (STEMI and moderate- to high-risk NSTE-ACS)
were randomized to either ticagrelor or clopidogrel. Patients were given a loading dose of
either clopidogrel or ticagrelor; in patients that underwent PCI, the median time from
loading dose to PCI was 15 minutes for STEMI and 4 hours for NSTE-ACS.#” Roughly 35%
of patients in both arms received glycoprotein I1b/Illa inhibitors. Ticagrelor, compared to
clopidogrel, reduced the rate of 12-month death, nonfatal Ml, or stroke by 16% (9.0% vs.
10.7%, RR 0.84, 95% CI 0.75-0.94, p = 0.0025) with no increase in major bleeding (7.9% in
both arms). In addition, ticagrelor reduced cardiovascular and all-cause mortality (4.0% vs.
5.1%, p=0.001; 10.2% vs. 12.3%, p<0.001, respectively).*8 Definite stent thrombosis within
30 days was also reduced in the ticagrelor arm compared to the clopidogrel arm (1.3% vs.
2.0%, RR 0.64, 95% CI 0.46-0.88, p= 0.0054).48 However, there was no difference in the
rate of definite or probable stent thrombosis seen in the first 24 hours after stent implantation
(0.36% vs. 0.37%).49

Glycoprotein lIb/llla inhibitors

The efficacy of routine glycoprotein Ilb/Illa inhibitors for reducing early cardiovascular
events following stent implantation was first conclusively established in the EPISTENT trial,
which randomized patients with stable angina undergoing coronary stenting to abciximab or
placebo, in addition to aspirin, ticlopidine, and heparin. The incidence of 30-day death, MI,
or urgent target vessel revascularization was reduced by 52% with abciximab compared to
placebo (5.3% vs. 10.8%, HR 0.48, 95% CI 0.33-0.69, p < 0.001) without an increase in
bleeding complications.59 Although subsequent trials of glycoprotein 11b/I11a inhibitors
mostly demonstrated similar reductions in ischemic complications, all have also
demonstrated an increase in bleeding events.

In a meta-analysis comparing glycoprotein I1b/Illa inhibitors to placebo or usual care in
patients undergoing PCI, use of glycoprotein IIb/Illa inhibitors significantly reduced 30-day
mortality by 21% (0.92% vs. 1.33%, RR 0.79, 95% CI 0.64-0.97), and a combined endpoint
of death or recurrent M1 by 34% (5.05% vs. 7.04%, RR 0.66, 95% Cl 0.60-0.72).51 The 30-
day survival benefit was attenuated in patients with ACS (RR 0.71 in stable CAD, 0.79 in
patients with NSTEMI, and 0.88 in patients with STEMI), and in those pre-treated with
clopidogrel (RR 0.83). The reduction in ischemic events and mortality came at the cost of
increased bleeding; glycoprotein Ilb/l11a inhibitor use increased the 30-day major bleeding
rate by 39% (3.03% vs. 2.23%, RR 1.39, 95% CI 1.21-1.61), an effect that persisted
regardless of whether the patient had ACS or was pretreated with clopidogrel. Overall,
treatment of 1000 patients with glycoprotein Ilb/l11a inhibitors would prevent 20 non-fatal
Mls and 4 deaths at a cause of 8 excess bleeding events.?! The availability of the newer
more potent oral antiplatelet agents and the trials demonstrating better net clinical adverse
outcomes with the direct thrombin inhibitor bivalirudin (and use of glycoprotein lib/Illa
inhibitors for ischemic or angiographic bailout) has drastically diminished the role of
glycoprotein I1b/Illa inhibitors in clinical practice.
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The newest intravenous antiplatelet agent is the P2Y12 inhibitor cangrelor. Its benefit in
patients undergoing PCI was established by the CHAMPION series of clinical trials.
CHAMPION PLATFORM and CHAMPION PClI, the first two trials comparing cangrelor to
clopidogrel and adequately powered to detect clinical outcomes, did not demonstrate a
reduction in death, MI, or ischemia-driven revascularization (7.0% vs. 8.7%, RR 0.87, 95%
Cl1 0.71-1.07, p =0.17 in CHAMPION PLATFORM; 7.5% vs. 7.1%, RR 1.05, 95% CI 0.88-
1.24, p=0.67 in CHAMPION PCI).52:53 However, cangrelor did reduce the incidence of
acute stent thrombosis in both studies, and investigators hypothesized that cangrelor’s failure
to significantly reduce the primary endpoint in both studies could be explained by a
definition of periprocedural Ml that failed to distinguish true reinfarction in patients
presenting with MI.

Subsequently, in the CHAMPION PHOENIX trial, investigators randomized patients
undergoing PCI (57% elective, 25% urgent for NSTE-ACS, 18% primary PCI for STEMI) to
cangrelor started prior to PCI, or clopidogrel given as a loading dose prior to PCI.
Glycoprotein llb/Illa inhibitors were used infrequently. Patients in the cangrelor arm had a
22% lower rate of 48-hour death, MI, ischemia-driven revascularization, or stent thrombosis
(4.7% vs. 5.9%, OR 0.78, 95% CI 0.66-0.93, p = 0.005) with much of the difference
accruing in the first 2 hours following PC1.54 Similarly, cangrelor treatment reduced the rate
of stent thrombosis (0.8% vs. 1.4%, OR 0.62, 95% CI 0.43-0.90, p = 0.01), with much of
the benefit in so-called intra-procedure stent thrombosis. The rate of 48-hour major bleeding
was low, and similar in both groups (0.1%), and the benefits of cangrelor were similar in
patients with and without STEMI.54

Controversies: Preloading and platelet function testing

Preloading with P2Y 5 inhibitors prior to PCI

Given the rapid onset of action of prasugrel and ticagrelor in healthy volunteers, both drugs
should have demonstrated early benefit in the prevention of acute stent thrombosis.
However, neither prasugrel nor ticagrelor work as rapidly in patients with ACS as they do in
healthy volunteers.®® In the RAPID trial, investigators randomized 50 patients with STEMI,
all treated with bivalrudin monotherapy, to prasugrel or ticagrelor and measured platelet
activity at 2, 4, 8, and 12 hours.5® After 2 hours, high residual platelet activity was found in
44% of prasugrel-treated patients and 60% of ticagrelor-treated patients; 35% of ticagrelor-
treated patients still had high residual platelet activity 4 hours after the loading dose. This
delayed onset of action in ACS patients may be partially explained by the frequent use of
morphine sulfate to treat angina pain since the absorption of both ticagrelor and prasugrel is
delayed when morphine is administered.>’

Given the delayed onset of antiplatelet effect with oral P2Y 15 inhibitors, especially in
patients with ACS, and the high risk of bleeding with glycoprotein Ilb/Illa inhibitors, early
administration of oral P2Y 15 inhibitors may theoretically provide a benefit. Earlier
administration of clopidogrel, prasugrel, or ticagrelor would allow their antiplatelet activity
to take effect prior to stent deployment, limiting the need for the adjunctive antiplatelet
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activity of glycoprotein Illb/Illa inhibitors. Moreover, in patients with STEMI, early, potent
platelet inhibition could limit continued intracoronary thrombosis, potentially restoring
patency to the infarct-related artery and limiting total ischemic time. These hypotheses were
tested in a series of clinical trials examining the effect of early P2Y 1, inhibitor
administration.3758-60 However, despite the theoretical benefits of P2Y, inhibitor
preloading, none of these trials has demonstrated a conclusive benefit to this strategy.

Though PCI-CURE and PCI-CLARITY showed that clopidogrel preloading reduced 30-day
ischemic events in patients with ACS, patients enrolled in PCI-CURE and PCI-CLARITY
underwent PCI at a median of 6 and 3 days following the start of clopidogrel loading,
respectively, a time course inconsistent with modern clinical practice, but better aligned with
clopidogrel’s pharmacokinetics.37-3° CREDO, which randomized patients with stable CAD
undergoing elective PCI in the next 3 to 24 hours to clopidogrel or placebo pretreatment,
may be a better approximation of modern clinical practice.>® In CREDO, clopidogrel
pretreatment had no significant effect on the 28-day rate of cardiovascular death, Ml, or
urgent target vessel revascularization (6.8% with pretreatment vs. 8.3% without
pretreatment, RR 0.81, 95% CI 0.58-1.14, p = 0.23). However, consistent with clopidogrel
pharmacokinetics, a pre-specified subset analysis in patients pretreated with clopidogrel at
least 6 hours prior to stent implantation demonstrated a marginally significant 39% reduction
in the primary endpoint (RR 0.61, 95% CI 0.37-1.02, p = 0.051).59

A meta-analysis of 9 trials comparing clopidogrel pretreatment to no clopidogrel
pretreatment (including CREDO, PCI-CURE, and PCI-CLARITY) reported that
pretreatment reduced the incidence of major cardiovascular events by 23% (9.8% vs. 12.4%,
OR 0.77%, 95% CI 0.66-0.89, p < 0.001).61 In subset analyses, pretreatment reduced
cardiovascular events in patients with ACS, but not those with stable angina. Importantly,
most of the trials included evaluated a preloading strategy with a delay of 4-6 hours or more
from loading to PCI.

Despite the fact that the theoretical advantages of P2Y 1, pretreatment should be accentuated
with the new oral P2Y 1, inhibitors prasugrel and ticagrelor due to their favorable
pharmacokinetics compared to clopidogrel, trials examining preloading with these agents
have also failed to demonstrate a clear clinical benefit.

In the ACCOAST trial, investigators examined the potential benefits and harms of
pretreatment with prasugrel in patients with NSTE-ACS. Patients were randomized to
receive either 30mg prasugrel at the time of diagnosis followed by another 30mg after
angiography but prior to PCI, or to receive 60mg of prasugrel after angiography but prior to
PCI (the strategy employed in TRITON-TIMI 38).58 Pretreatment with prasugrel did not
significantly reduce the incidence of the primary endpoint, 7-day cardiovascular death, Ml,
stroke, urgent revascularization, or glycoprotein Ilb/Illa inhibitor bailout (10% vs. 9.8%, HR
1.02, 95% CI 0.84-1.25, p=0.81), but did increase the incidence of 7-day non-CABG-
related TIMI major bleeding by 3-fold (1.3% vs. 0.5%, HR 2.95, 95% CI 1.39-6.28, p=
0.003).
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In the ATLANTIC trial, investigators attempted an alternative strategy to achieve earlier
platelet inhibition with P2Y 15 inhibitors, randomizing patients with STEMI to ticagrelor
loading in the ambulance en route to the hospital or upon hospital arrival.6% The group
receiving ticagrelor in the ambulance received it 31 minutes earlier than the group receiving
it at the hospital and 63 minutes prior to PCI. Although the primary endpoint of infarct
artery patency upon arrival at the cath lab did not differ between the two arms, the rate of
acute stent thrombosis was lower in the pre-hospital ticagrelor arm compared to the in-
hospital ticagrelor arm (0% vs. 0.8%, o= 0.008). TIMI major bleeding at 30 days was 1.3%
in both groups. In a pharmacodynamic substudy involving 37 patients, there were no
significant differences between the 2 groups in mean platelet inhibition at any time.
However, platelet inhibition was numerically greater in the pre-hospital group than the in-
hospital group at the end of PCI and at 1 hour post-PC1.50 These data suggest that
preloading with ticagrelor may reduce stent thrombosis. Confirmatory studies are needed,
especially since the pre-hospital group had higher mortality than the in-hospital group (3.3%
vs. 2.0%, OR 1.68, 95% CI 0.94-3.01).

Another strategy employed by investigators to quickly reduce platelet activity in patients
with STEMI was employed in the MOJITO trial, in which 82 patients undergoing primary
PCI for STEMI were randomized to a loading dose of crushed or whole ticagrelor tablets.%2
Though the study was not powered to detect clinical endpoints, this strategy led to reduced
platelet activity in the group receiving crushed ticagrelor at 1 hour after PCI (35% vs. 63%).
Ticagrelor’s package insert notes that tablets may be “crushed, mixed with water and
drunk.”

Platelet function testing

When given a loading dose of clopidogrel, healthy individuals with polymorphisms of the
gene encoding a CYP2C19 enzyme with reduced function have 34% less exposure to
clopidogrel’s active metabolite and 9% less of a reduction in platelet activity than
individuals without CYP2C19 polymorphisms.®3 In patients with ACS (STEMI and NSTE-
ACS) randomized to clopidogrel in TRITON-TIMI 38, a reduced function CYP2C19 allele
was associated with an increased risk of cardiovascular death (2% vs. 0.4%; OR 4.79) and
stent thrombosis (2.7% vs. 0.8%; OR 3.33).63 Nearly all of the increased risk of stent
thrombosis was concentrated in the first few days following PCI. This finding has also been
demonstrated in multiple registry studies,%4 including the ADAPT-DES registry, in which
patients with high on-clopidogrel platelet reactivity had a 3-fold increased risk of early stent
thrombosis, and high on-treatment platelet reactivity explained 60% of early stent
thrombosis events.6°

Recognizing this heterogeneity in clopidogrel responsiveness among different patients and
the higher incidence of stent thrombosis and adverse cardiovascular events among
clopidogrel non-responders,®4 there have been a series of clinical investigations exploring a
strategy involving platelet function testing and escalation of antiplatelet therapy based on the
results. This strategy theoretically ensures that clopidogrel non-responders receive an
effective dose of antiplatelet therapy, while avoiding the use of more potent antiplatelet
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regimens and their attendant higher bleeding risk in patients whose platelet function is
effectively inhibited by standard dosing of clopidogrel.

The ARCTIC trial randomized patients undergoing PCI for stable angina to standard therapy
or to platelet reactivity testing after diagnostic angiography; all patients were supposed to
receive a loading dose of clopidogrel at least 6 hours prior to angiography.8 If platelet
reactivity was high despite the loading dose of clopidogrel, then these patients received
glycoprotein Ilb/l11a inhibitors at the time of PCI, and either a larger loading dose of
clopidogrel (= 600mg) or a loading dose of 60mg prasugrel. High platelet reactivity was
identified in 34.5% of patients in the platelet function testing arm; 80.2% of these patients
received another loading dose of clopidogrel, 3.3% received a loading dose of prasugrel, and
87.1% received glycoprotein I1b/111a inhibitors.56 Patients with high platelet reactivity, either
at the time of stenting or 2—4 weeks after, also received higher maintenance doses of
clopidogrel. Despite more aggressive antiplatelet therapy in the platelet function-testing
guided arm, this group had a numerically higher incidence of the primary efficacy endpoint,
1-year death, MI, stent thrombosis, stroke, or urgent revascularization (34.6% vs. 31.1%, HR
1.13,95% CI1 0.98-1.29, p=0.10).

Other trials have approached the question of adjusting antiplatelet therapy based on platelet
function testing through different means, but have nevertheless failed to demonstrate any
benefit with this strategy. The TRIGGER-PCI trial, which randomized patients who had
undergone successful drug-eluting stent implantation for stable angina and had high platelet
reactivity to either continued clopidogrel or more aggressive antiplatelet therapy with
prasugrel, was stopped early due to a low rate of outcome events.5” The GRAVITAS trial,
which had a similar design, but randomized patients with high on-clopidogrel platelet
reactivity to higher-dose clopidogrel, also failed to demonstrate that more aggressive
antiplatelet therapy reduced cardiovascular events in clopidogrel non-responders.58 In
TRANSLATE-POPS, hospitals were randomized to either no-cost platelet function testing or
standard care.®9 In hospitals randomized to receive no-cost platelet function testing, 66.9%
of patients underwent platelet function testing prior to discharge compared to 1.4% at
control hospitals, and patients undergoing coronary stenting more frequently had their
antiplatelet agent adjusted prior to discharge (14.8% vs. 10.5%, OR 1.68, 95% CI 1.18-2.64,
p=0.004). However, cardiovascular events and major bleeding at 30-day follow-up were
similar in both groups (OR 0.94, 95% CI 0.66-1.34 for cardiovascular events; OR 0.86, 95%
Cl 0.55-1.34 for major bleeding).

Based on these trials, the use of routine genotype or platelet function testing to guide
antiplatelet therapy cannot be recommended.

Guidelines recommendations

In patients undergoing PCI for stable angina, the ACCF/AHA/SCAI and ESC guidelines
recommend clopidogrel 600mg (class I, Level of Evidence B in the ACC/AHA guidelines,
LOE A in the ESC guidelines) (Table 3).79.71 The ESC guidelines add that clopidogrel
loading should preferably occur at least 2 hours prior to the procedure (class I, LOE A).71
The ACCF/AHA/SCAI guidelines note that it is reasonable to use glycoprotein I1b/Illa
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inhibitors in patients undergoing PCI for stable angina that have not been pre-loaded with
clopidogrel (class Ila, LOE B) or in patients that have been preloaded with clopidogrel (class
I1b, LOE B).”® The ESC guidelines recommend reserving glycoprotein 11b/llla inhibitors
only for bailout (class Ila, LOE C)."

In patients undergoing PCI for an ACS indication, the ACCF/AHA/SCAI guidelines
recommend a loading dose of either 600mg clopidogrel, 60mg prasugrel, or 180mg
ticagrelor (class I, LOE B).”® The ESC guidelines recommend either prasugrel or ticagrelor,
with clopidogrel reserved for situations in which the newer P2Y 1, agents are not available or
contraindicated (class I, LOE A for NSTE-ACS, LOE B for STEMI).”! The ACCF/AHA/
SCAI guidelines recommend the use of glycoprotein 11b/Illa inhibitors in patients with high-
risk NSTE-ACS treated with heparin and not adequately pre-treated with clopidogrel (class
I, LOE A), and note that glycoprotein Ilb/Illa inhibitors are reasonable in these patients even
if they are adequately pre-treated with clopidogrel (class lla, LOE B).”0 In contrast, the ESC
guidelines recommend considering glycoprotein I1b/ll1a inhibitors during PCI for NSTE-
ACS only for bailout, or with thrombotic complications (class Ila, LOE C).”! In all patients
undergoing primary PCI for STEMI, the ACCF/AHA/SCAI guidelines allow for the
consideration of glycoprotein I1b/Illa inhibitors (class lla, LOE A in patients not pretreated
with clopidogrel, LOE C in patients pretreated with clopidogrel).”® The ESC guidelines
recommend reserving glycoprotein I1b/111a inhibitors for bailout, thrombotic complications,
or no-reflow (class lla, LOE C).”!

Neither set of guidelines issues formal recommendations with regard to platelet function
testing, and as of this writing, a set of recommendations regarding cangrelor has not been
developed.

The introduction in the past 5 years of the potent and fast-acting P2Y 1, inhibitors prasugrel,
ticagrelor, and cangrelor have provided interventional cardiologists with new agents for
inhibiting platelet activity and preventing thrombotic events following stent implantation.
However, significant questions still exist regarding the optimal antiplatelet strategy.
Increased potency of antiplatelet effect is associated with an increased bleeding risk,
particularly in vulnerable populations like the elderly and those with prior stroke or transient
ischemic attack. It remains unclear whether pretreatment is beneficial in patients undergoing
PCI. Genotype or platelet reactivity testing has not been proven to be beneficial. As PCI
continues to evolve, these issues will be important to resolve in order to improve outcomes.
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Key Points

. Balancing the risks of stent thrombosis and major bleeding is key to the
effective use of antiplatelet agents during and after PCI

. The new oral P2Y 1, inhibitors prasugrel and ticagrelor have onsets of action
considerably faster than that of clopidogrel and reduce the incidence of
recurrent ischemic events when administered to patients with acute coronary
syndrome (ACS) undergoing PCI

. Despite the theoretical benefits of P,Y 1, inhibitor preloading and platelet
function testing-guided selection of antiplatelet agents, clinical trials have
failed to demonstrate the benefit of these strategies.
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CLOPIDOGREL ASPIRIN
PRASUGREL
TICAGRELOR
CANGRELOR

Arachicidonic acid

COX-1 enzyme

TXA2
receptor

ADP Prostaglandin H2

receptor

PLATELET

Glycoprotein
lIb/Illa receptor

ABCIXIMAB
TIROFIBAN
EPTIFIBATIDE

Platelet aggregation and
adhesion

Figure 1. Targets of antiplatelet agents used in patients undergoing PCI
Cyclooxygenase-1, the ADP receptor, and glycoprotein I1b/111a receptors are the targets of

available antiplatelet agents. The ADP receptor and cyclooxygenase-1 mediate processes
that activate the glycoprotein Ilb/l11a receptor, which is the major molecule mediating
platelet aggregation and adhesion.

ADP: adenosine diphosphate; COX-1: cyclooxygenase-1; TXA,: thromboxane Ay
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Table 1

Incidence of major bleeding and stent thrombosis by PCI indication

Elective PCI | Urgent PCI for NSTE-ACS | Primary PCI for STEMI
Major Bleeding 0.7% 1.8% 2.6%
Stent Thrombosis | 0.4% 1.4% 3.1%

Adapted from Cook et al.10 and Mehran et al.4
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Table 3

Guideline recommendations
Recommendation ACC/AHA/SCAI | ESC/EACTS
Stable angina
A loading dose of clopidogrel (600mg) should be given to patients undergoing PCI with stenting Class I, LOE B Class I, LOE A
Clopidogrel should be loaded once anatomy is known and decision is made to proceed with PCI, Class I, LOE A
preferably 2 hours or more prior to the procedure
It is reasonable to administer a glycoprotein I1b/11a inhibitor in patients undergoing elective PCI Class lla, LOE B
treated with UFH and not adequately pre-treated with clopidogrel
It may be reasonable to administer a glycoprotein 11b/111a inhibitor to patients undergoing elective Class IIb, LOE B
PCI treated with UFH and adequately pretreated with clopidogrel
Glycoprotein I1b/I11a inhibitors should be considered only for bailout Class lla, LOE C
NSTE-ACS
A loading dose of clopidogrel (600mg), prasugrel (60mg) or ticagrelor (60mg) should be given to Class I, LOE B
patients undergoing PCI with stenting
A loading dose of prasugrel (60mg) should be given to patients in whom coronary anatomy is known Class I, LOE B
and are proceeding to PCI if no contraindications
A loading dose of ticagrelor (180mg) should be given to patients at moderate-to-high risk of Class I, LOE B
ischemic events if no contraindications
Clopidogrel should be used only when prasugrel and ticagrelor are unavailable or contraindicated Class I, LOE B
Prasugrel should not be used in patients in whom coronary anatomy is not known Class Ill, LOE B Class Ill, LOE B
It is useful to administer a glycoprotein I1b/Illa bolus at the time of PCI to patients with high-risk Class I, LOE A
features treated with UFH and not adequately pretreated with clopidogrel
It is reasonable to administer a glycoprotein I1b/111a inhibitor at the time of PCI to patients with high- | Class lla, LOE B
risk features treated with UFH
Glycoprotein IIb/Il1a inhibitors should be considered for bail-out situation or thrombotic Class lla, LOE C
complications
Pretreatment with glycoprotein I1b/Illa inhibitors is not recommended Class Ill, LOE A
STEMI
A loading dose of clopidogrel (600mg), prasugrel (60mg) or ticagrelor (60mg) should be given to Class I, LOE B
patients undergoing PCI with stenting
A loading dose of prasugrel (60mg) should be given to patients in whom coronary anatomy is known Class I, LOE B
and are proceeding to PCI if no contraindications
A loading dose of ticagrelor (180mg) should be given to patients at moderate-to-high risk of Class I, LOE B
ischemic events if no contraindications
Clopidogrel should be used only when prasugrel and ticagrelor are unavailable or contraindicated Class I, LOE B
It is reasonable to administer a glycoprotein I1b/111a inhibitor in patients treated with UFH not Class lla, LOE A
pretreated with clopidogrel
It is reasonable to administer a glycoprotein I1b/Il1a inhibitor in patients treated with UFH pretreated Class lla, LOE C
with clopidogrel
Glycoprotein I1b/I11a inhibitors should be considered for bailout or evidence or no-reflow, or Class Ila, LOE C

evidence of a thrombotic complication

ACC: American College of Cardiology; AHA: American Heart Association; SCAI: Society for Coronary Angiography and Intervention; ESC:
European Society of Cardiology; EACTS: European Association for Cardio-Thoracic Surgery; LOE: Level of Evidence; PCI: percutaneous
intervention; UFH: unfractionated heparin; NSTE-ACS: Non-ST segment elevation acute coronary syndrome; STEMI: ST-segment elevation

myocardial infarction

Adapted from Levine et al.70 and Windecker et al.”1
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