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Abstract Platelet activation and aggregation are key components in the cascade of events causing thrombosis following

plaque rupture. Antiplatelet therapy is essential in the treatment of patients with acute coronary syndromes
(ACS) and for those requiring percutaneous coronary intervention (PCI). Aspirin (acetylsalicylic acid) is a well
established antiplatelet therapy and is mandated for secondary prevention of cardiovascular events following
ACS. In patients with ACS, the addition of clopidogrel to aspirin is more effective than aspirin alone. For
patients undergoing PCI, dual antiplatelet therapy with aspirin and clopidogrel is warranted. Aspirin should be
continued indefinitely after PCI. Pretreatment of patients with clopidogrel prior to PCI lowers the incidence of
cardiovascular events, yet the optimum timing of drug administration and dose are still being investigated, as is
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the duration of therapy following PCI. Late-stent thrombosis with drug-eluting stents has pushed the recommen-
dation for duration of clopidogrel therapy up to 1 year and perhaps beyond, in patients without risks for bleeding.
The concepts of aspirin and clopidogrel resistance are important clinical questions. No uniform definition exists
for aspirin or clopidogrel resistance. Measurements of resistance are often highly variable and do not necessarily
correlate with clinical resistance. Noncompliance remains the most prominent mode of resistance. Screening of
selected patient populations for resistance or pharmacologic intervention of those patients termed ‘resistant’

warrants further study.

Thrombosis is the sentinel event leading to cardiovascular
morbidity and mortality in acute coronary syndromes (ACS). ACS
results from the complex interplay between atherosclerosis and
platelet-mediated thrombosis and is influenced by multiple fac-
tors.l!! Platelet adhesion, activation, and aggregation are central
to the development of a thrombus.?! Plaque rupture exposes
subendothelial von Willebrand Factor (vWF) and collagen to
circulating blood and the platelets adhere to collagen and vWF via
021 integrin and glycoprotein (GP) VI and 1b receptors.>* The
activation of platelets is mediated by a number of substrates
including collagen, vWF, thrombin, adenosine diphosphate
(ADP), thromboxane A2 (TxA2), and epinephrine (adrenaline).”!
Platelet activation induces exocytosis of platelet granules, which
propagates further platelet adhesion and activation. Activated
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platelets increase arachidonic acid production via phospholipase
A2 Arachidonic acid is converted into prostaglandin (PG) G2/
H2 by cyclo-oxygenase-1 (COX-1) and subsequently to TxA2 by
thromboxane synthase.’! TxA2 amplifies the thrombotic signal by
promoting further platelet activation and acting as a potent vaso-
constrictor.[8! Platelet aggregation results from the enhanced ex-
pression of the GP IIb/Illa receptors, which bind adhesive proteins
to form a stable thrombotic aggregate.l’! The steps and factors
leading to platelet activation and aggregation are summarized in
figure 1.

The role of platelets in atherothrombosis is at the forefront of
treatment of ACS."? Short- and long-term antiplatelet therapy are
required to mitigate the deleterious effects of arterial thrombosis.
Platelet activation in not just an acute event and has been shown to
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Fig. 1. A graphical presentation of steps in platelet activation and aggregation and site of action of aspirin (acetylsalicylic acid) and adenosine diphosphate
(ADP) antagonists. COX-1 = cyclo-oxygenase-1; GP = glycoprotein; TxA2 = thromboxane A2; vWF = von Willebrand Factor.
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persist well after the onset of ACS."”#8! Numerous heritable and
environmental factors contribute further to the risk of enhanced
platelet activity.[”’ Worldwide, cardiovascular risk factors that
contribute to atherothrombosis are undertreated.!'”! Understanding
the genomic influences on ACS has recently emerged as a new
avenue towards individualized therapy, and the genetic variations
in platelet biology may change the course of antiplatelet therapy in
the future.!'! This review focuses on the importance of antiplatelet
therapy in ACS and percutaneous coronary intervention (PCI).

1. Aspirin (Acetylsalicylic Acid)

Aspirin (acetylsalicylic acid) has been used for centuries as a
medicinal agent and plays an essential role in the treatment of
atherothrombosis. It specifically inhibits arachidonic acid meta-
bolism by acetylation of a single serine residue (Ser352%) on cyclo-
oxygenase (COX), an enzyme that produces a precursor of
TxA2.I!Z14 COX is irreversibly inhibited by aspirin for the entire
lifespan of a platelet (8.2 + 2.2 days).['>) Inhibition of COX results
in the decreased production of the potent platelet activator TxA».
Originally, aspirin was shown to decrease TxA? levels in a dose-
dependent manner as evidenced by a decrease in its stable serum
metabolite thromboxane Bz (TxB2).['®! Once platelet COX is
acetylated by aspirin, TxA2 cannot be synthesized until new
platelets with unacetylated COX are produced by megakaryocytes.
The ability to restore TxA2 production and, moreover, platelet
function is directly related to platelet turnover.'” COX exists as
two isoforms; COX-1 is a constitutive form expressed in platelets,
macrophages, and endothelial cells, while COX-2 is an inducible
form that requires inflammatory stimuli for expression. Aspirin is
primarily an irreversible COX-1 inhibitor, but can also inhibit
COX-2 at very high doses.['®!°1 The difference in activity of
aspirin against the two COX isoforms can be inferred from differ-
ences in the their crystal structures.?’l More recently, aspirin has
been shown in some studies to play a role in decreasing markers of
inflammation. In a prospective, randomized, crossover study,?!!
40 patients with chronic stable angina had elevated inflammatory
cytokine levels that were reduced following 6 weeks of therapy
with aspirin versus placebo. Aspirin also reduces polymorphonu-
clear neutrophil (PMN) diapedesis in vivo.[?!

C-reactive protein (CRP) is an inflammatory marker of system-
ic inflammation and is a predictor of cardiovascular risk.”?*! In the
Physicians’ Health Study,?* elevated baseline CRP levels were
associated with a higher risk for myocardial infarction (MI) or
ischemic stroke in men. When male patients were stratified into
quartiles of baseline CRP levels, the relative risk reduction (RRR)
for MI when randomized to aspirin versus placebo was 13.9% for
the lowest quartile of baseline CRP levels and 55.7% for the

© 2008 Adis Datfa Information BV. All rights reserved.

93

highest quartile.”**! It remains controversial if aspirin has a direct
effect on lowering CRP levels. Conflicting results have emerged
as aspirin has been shown to both reduce and increase CRP
levels.[?:226 In a 12-month prospective cohort study!?’! of pa-
tients experiencing a non-Q-wave MI, higher maximum CRP
concentrations at baseline were associated with a higher odds ratio
(OR) to develop cardiovascular death or re-infarction. Patients
treated with aspirin prior to the non-Q-wave MI had a reduction in
cardiovascular death or nonfatal MI compared with those not
treated with aspirin at 12 months (OR 0.98 vs 2.64; p = 0.04).1"]
While the association between prior aspirin use and reduced rates
of non-Q-wave MI is interesting, increased risk of recurrent
cardiovascular events including death or MI has been shown in
ACS patients receiving prior aspirin.”?®! It is unknown whether
aspirin has a direct role in modulating CRP levels or just mitigates
inflammation in atherosclerosis. The correlation between decreas-
ing markers of inflammation and risk reduction of cardiovascular
events could represent a new paradigm in therapeutic regimens for
the future.?*!

Despite the benefit of aspirin as an antiplatelet agent, bleeding
is a potential risk that must be considered with each patient. The
Antithrombotic Trialists’ Collaboration was a meta-analysis of
287 randomized controlled trials (RCTs) of antiplatelet therapy for
the prevention of MI, stroke and death in high-risk patients.*"!
Major extracranial bleeds occurred in 787 patients out of which
20% were found to be fatal.?! The risk for a major extracranial
bleed was increased 60% for patients receiving antiplatelet therapy
versus controls (OR 1.6; 95% CI 1.4, 1.8).121 Several other meta-
analyses have been completed looking at aspirin and the risk for
GI bleeding and intracranial hemorrhage. One meta-analysis of 28
RCTs found the risk of GI bleeding to be 2.47% in patients treated
with aspirin compared with 1.42% in patients randomized to
placebo (OR 1.68; 95% CI 1.51, 1.88).1*% This study also conclud-
ed that there was no increased risk of GI bleeding with lower doses
of aspirin. In a review of epidemiologic studies from 1990-2001,
patients who received aspirin at dosages <300 mg/day were still
associated with roughly a 2-fold increase in risk for GI bleed-
ing.B A later analysis of six RCTs for secondary prevention of
cardiovascular or cerebrovascular events showed that with low-
dose aspirin <325 mg/day patients were 2.5 times more likely
versus placebo to experience GI bleeding (95% CI 1.4, 4.7; p =
0.001).2! The analysis determined that one death was prevented
for every 67 patients treated with aspirin, while one nonfatal GI
bleed occurred per 100 patients treated.

The GI effects of aspirin are the result of a local toxic or
systemic effect increasing the risk of GI bleeding. Enteric-coated
aspirin was developed to reduce the toxic effects on the gastric
mucosa and was shown to reduce gastric damage endoscopically
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in healthy subjects compared to the use of regular aspirin.!
However, in one retrospective population study of 550 patients
receiving aspirin and admitted for upper GI bleeding versus 1202
matched controls, the relative risk (RR) for upper GI bleeding was
not significantly different for regular and enteric-coated aspirin.34!
Two meta-analyses of patients receiving enteric-coated or regular
aspirin showed no significant differences in the risk for GI bleed-
ing.3%311 Several studies have determined that enteric-coated and
regular aspirin were similar in their ability to inhibit platelet
function as measured by various platelet function assays.[333337 In
one study, in 44% of patients with stable cardiovascular disease,
enteric-coated aspirin was associated with persistent COX activity
as measured by elevated serum TxB2.1®! However, the clinical
significance of this laboratory finding remains unknown.

Aspirin is a potent antiplatelet agent with significant benefit as
an antithrombotic agent, yet the use of aspirin nationally and
worldwide is suboptimal. In one survey of outpatient physicians in
2003, only 32.8% of patients at high risk for cardiovascular
disease were treated with aspirin.®®) The Reduction of Ather-
othrombosis for Continued Health (REACH) registry is an interna-
tional, prospective, observational registry that evaluated 67 888
patients with risk factors for cardiovascular disease or known
cardiovascular disease from 44 different countries followed over a
4-year timeperiod.""% Data from large international registries such
as REACH will assess the prevalence of aspirin use in the US and
worldwide more accurately. The recent emphasis on guideline
adherence has shown an increase in the appropriate use of aspirin
in many registries.

2. Thienopyridines

Thienopyridines represent a second family of antiplatelet
agents that inhibit platelet activation by a mechanism independent
of the effect of aspirin on platelets. The most commonly used
thienopyridine is clopidogrel. Ticlopidine is an alternative but
used less frequently because of its adverse effect profile. Both
agents are irreversible inhibitors of platelet activation lasting for
the lifespan of the platelet.*"!

The active metabolites of thienopyridines bind to the ADP
receptors on platelets, blocking the ability of ADP to activate
platelets.!*?! Specifically, the human ADP receptor, called P2, is
comprised of three different subtypes, P2X1, P2Y1, and P2Y2.[4!
ADP mediates the activation of platelets through the P> receptor,
where P2Y 17 utilizes a G-coupled protein to inhibit the action of
adenylyl cyclase and decrease cyclic adenosine monophosphate
levels.?! Antagonism of the P2Y12 receptor blocks ADP-induced
platelet activation and aggregation.!*!!
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The first available thienopyridine that was used as an anti-
platelet agent for ACS and PCI was ticlopidine.*3! This compound
is now used as a second line thienopyridine because of its adverse
effect profile; ticlopidine has been associated with neutropenia and
thrombotic thrombocytopenic purpura (TTP). The incidence of
neutropenia with ticlopidine is 0.8-2.3%. 1*4 Ticlopidine-induced
neutropenia is reversible but there have been case reports of
patients developing neutropenic fever.*#*! In the ISAR!*®! and
STARS™ trials there was no added risk of neutropenia with
ticlopidine!*"! (see table I for definitions of studies/trials used in
this review). A more serious adverse effect of ticlopidine is TTP.
In the STARS trial“’! patients undergoing coronary stenting did
not show an increased risk of TTP after ticlopidine and aspirin
therapy versus aspirin alone. A retrospective analysis of the EPIS-
TENT trial*®! showed that the incidence of TTP with ticlopidine
was 0.02% with a mortality rate of 20.1%. A case review of TTP in
patients treated with ticlopidine reported that the incidence in-
creases with a longer duration of therapy and was fatal in 60% of
patients who did not undergo plasmapharesis.[**! Thus, a complete
blood cell count every 2 weeks is recommended for any patient
prior to initiating treatment with ticlopidine.

3. Acute Coronary Syndrome

3.1 Aspirin

Aspirin is a powerful secondary preventive agent for ACS. The
Canadian Multicenter Trial showed that aspirin initiated in the first
8 days following unstable angina reduced cardiac death and nonfa-
tal MI by 51% compared with placebo over a mean follow-up of
18 months.%! Subsequently, the ISIS-2 and RISC trials both found
similar results for prevention of recurrent cardiac events with
aspirin following ACS.!-331 In the ISIS-2 trial, vascular mortality
was reduced by 23% for patients randomized to aspirin 160 mg/
day versus placebo at 5 weeks (9.4% vs 11.8%; 95% CI 15, 30;
p < 0.00001).5°" The Antithrombotic Trialists’ Collaboration
showed no significant differences between daily aspirin doses of
75-150, 160-325, or 500-1000 mg in preventing serious vascular
events.!?”! Doses of aspirin <75 mg were not statistically different
compared with aspirin 75-150 mg for prevention of serious vascu-
lar events; however, only three clinical trials involving 3655
patients have so far investigated the effects of aspirin <75 mg on
vascular events and thus this dose is less established./*!

3.2 Clopidogrel versus Aspirin

In the CAPRIE trial,’* clopidogrel 75 mg/day was compared
with aspirin 325 mg/day for a mean of 1.91 years in 19 185
patients with recent MI, ischemic stroke, or symptomatic peripher-
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Table I. Definitions of studies/trials used in this review

Study/trial Definition

ALBION Assessment of the best Loading dose of clopidogrel to Blunt platelet activation, Inflammation, and Ongoing Necrosis
trial

ARMYDA-2 Antiplatelet therapy for Reduction of MYocardial Damage during Angioplasty 2 trial

BASKET-LATE Basel Stent Kosten Effektivitats Trial-LAte Thrombotic Events trial

CAPRIE Clopidogrel versus Aspirin in Patients at Risk of Ischemic Events trial

CHAMPION-PCI Cangrelor versus standard therapy to achieve optimal management of platelet inhibition-PCI

CHAMPION-PLATFORM Cangrelor versus standard therapy to achieve optimal management of platelet inhibition-PLATFORM

CHARISMA Clopidogrel for High Atherothrombotic Risk, Ischemic Stabilization, Management, and Avoidance trial

CLARITY-TIMI-28 Clopidogrel as Adjunctive Reperfusion Therapy—Thrombolysis in Myocardial Infarction 28 trial

CLASSICS CLopidogrel ASpirin Stent International Cooperative Study

COMMIT ClOpidogrel and Metoprolol in Myocardial Infarction Trial

CREDO Clopidogrel for the Reduction of Events During Observation trial

CURE Clopidogrel in Unstable angina to prevent Recurrent Events trial

CURRENT/OASIS 7

DISPERSE

DISPERSE-2

EPISTENT
FANTASTIC
HOPE
INTERACTION
ISAR
ISAR-CHOICE

ISAR-REACT
ISIS-2
JUMBO-TIMI 26
MATTIS
M-HEART lI
PCI-CURE

PLATO
PRINCIPLE-TIMI 44

PRONTO

RISC

STARS
TARGET
TRITON-TIMI 38

Clopidogrel optimal loading dose Usage to Reduce Recurrent EveNTs/Optimal Antiplatelet Strategy for
InterventionS trial

Dose conflrmation Study assessing anti-Platelet Effects of AZD6140 vs clopidogRel in non-STsegment Elevation
myocardial infarction

Dose conflrmation Study assessing anti-Platelet Effects of AZD6140 vs clopidogRel in non-STsegment Elevation
myocardial infarction-2

Evaluation of Platelet llb/llla Inhibitor for STENTIng trial
Full ANTicoagulation versus ASpirin and TIClopidine trial
Heart Outcomes Prevention Evaluation study

Interaction of Atorvastatin and Clopidogrel study
Intracoronary Stenting and Antithrombotic Regimen trial

Intracoronary Stenting and Antithrombotic Regimen-Choice Between 3 Higher Oral Doses for Immediate Antiplatelet
Effect trial

Intracoronary Stenting and Antithrombotic Regimen-Rapid Early Action for Coronary Treatment trial
Second International Study of Infarct Survival trial

Joint Utilization of Medications to Block platelets Optimally—Thrombolysis in Myocardial Infarction 26 trial
Multicenter Aspirin and Ticlopidine Trial after Intracoronary Stenting

Multi-Hospital Eastern Atlantic Restenosis Trial

Clopidogrel in Unstable angina to prevent Recurrent ischemic Events in patients undergoing Percutaneous Coronary
Intervention substudy

PLATelet inhibition and patient Outcomes study

PRasugrel IN Comparison to clopidogrel for Inhibition of PLatelet activation and aggrEgation—Thrombolysis in
Myocardial Infarction 44 trial

Plavix for Reduction Of New Thrombotic Occurrences study
Research on InStability in Coronary artery disease trial
STent Antithrombotic Regimen Study

Tirofiban And Reopro Give Similar Efficacy Outcome Trial

TRial to assess Improvement in Therapeutic Outcomes by optimizing platelet iNhibition with prasugrel-Thrombolysis
in Myocardial Infarction 38 trial

al arterial disease (PAD). The trial showed an 8.7% risk reduction  vascular death (5.32% vs 5.83%; 95% CI1 0.3, 16.5; p = 0.043).554
for clopidogrel versus aspirin for ischemic stroke, MI, or other  Further analysis of the CAPRIE trial found that clopidogrel was an
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Fig. 2. Cumulative hazard rates for the primary outcome of cardiovascular
death, myocardial infarction or stroke in patients with acute coronary syn-
dromes treated with clopidogrel versus placebo during a period of 12
months. The cumulative hazard rate for the primary outcome was signifi-
cantly less (p < 0.001) in clopidogrel recipients compared with placebo
recipients (reproduced from Yusuf et al.,!58 with permission).

independent predictor for reducing ischemic stroke, MI, vascular
death, or rehospitalization for ischemic events or bleeding.>! The
event rate and risk reduction was even more pronounced in high-
risk patient populations, which included patients with previous
coronary artery bypass grafting (CABG), history of previous is-
chemic events, involvement of multiple vascular beds, diabetes
mellitus, or hypercholesterolemia.l>®

3.3 Dual Therapy with Aspirin and Thienopyridines

Dual antiplatelet therapy with aspirin and clopidogrel has been
shown to synergistically inhibit platelet function in clinical ex vivo
studies.’”1 The CURE trial™®! studied 12 562 patients with ACS
treated with clopidogrel in addition to aspirin. Patients were ran-
domized within 24 hours of onset of ACS without ST-segment
elevation to receive a loading dose of clopidogrel 300 mg followed
by 75 mg/day or placebo. Patients in the clopidogrel arm showed a
20% reduction in cardiovascular death, MI, or stroke compared
with placebo at 1 year (figure 2) but clopidogrel increased the risk
of major bleeding versus placebo (3.7% vs 2.7%; RR 1.38; 95% CI
1.13, 1.67; p = 0.001).581 In further analysis of the CURE trial,
varying dosages of aspirin did not have any effect on lowering
ischemic events, but doses of aspirin 2200 mg were associated
with a higher risk for major bleeding.’”! Thus, the addition of
clopidogrel to aspirin in patients with ACS without ST-segment
elevation is beneficial.

The CURE trial did not include patients with ST-segment
elevation MI (STEMI). The CLARITY-TIMI-28 trial®” studied a
loading dose of clopidogrel 300 mg followed by 75 mg/day in
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addition to aspirin in 3491 patients with STEMI. The 30-day
combined outcome of cardiovascular death, MI, or recurrent ische-
mia leading to urgent revascularization was lower in the
clopidogrel plus aspirin arm compared with aspirin alone arm
(11.6% vs 14.1%; p = 0.03).1°" The larger COMMIT trial!®!!
randomized 45 582 patients with STEMI within 24 hours to re-
ceive clopidogrel 75 mg/day or placebo in addition to aspirin. All-
cause mortality by hospital discharge was significantly lower in
the clopidogrel compared with the aspirin alone group (7.5% vs
8.1%; p = 0.03) and did not increase the risk for fatal or intracer-
ebral bleeds.[°!l Despite the lack of a loading dose of clopidogrel in
the COMMIT trial,!®"! both CLARITY-TIMI-28°! and COMMIT
trials prove the benefit of combination therapy with clopidogrel
and aspirin in the setting of STEMI.

The CHARISMA trial'®? analysed dual antiplatelet therapy
with clopidogrel and aspirin for the primary and secondary pre-
vention of atherothrombosis in high-risk patients. Patients were
randomized to receive clopidogrel 75 mg or placebo in addition to
aspirin for a mean follow-up of 2.3 years. Of the 15 603 patients,
77.9% patients had documented coronary, cerebrovascular, or
symptomatic peripheral arterial disease and were termed the
symptomatic group, while 21% of patients did not have any
documented cardiovascular disease but rather had multiple risk
factors for atherothrombosis (i.e. asymptomatic group).[®?! There
was no significant difference in the primary endpoint of cardio-
vascular death, MI, or stroke between the clopidogrel and placebo
groups (6.8% vs 7.3%; RR 0.93; 95% C1 0.83, 1.05; p = 0.22).1?]
Clopidogrel reduced the risk for the secondary endpoint of cardio-
vascular death, first occurrence of MI or stroke, hospitalization for
unstable angina or transient ischemic attack, or any revasculariza-
tion compared with placebo (16.7% vs 17.9%; RR 0.92; 95% CI
0.86, 0.995; p = 0.04).1? In the symptomatic cohort of patients
with clinically evident atherothrombosis, clopidogrel added to
aspirin showed a significant benefit in the primary endpoint (6.9%
vs 7.9% with placebo; RR 0.88; p = 0.046). This benefit was not
seen in the asymptomatic cohort of patients with multiple risk
factors for atherothrombotic events (6.6% for clopidogrel and
5.5% for placebo; RR 1.20; p = 0.20).1°?1 This analysis suggests
that dual antiplatelet therapy may be beneficial for those patients
with established cardiovascular disease but not for those patients
at high risk for cardiovascular disease. In particular, patients with
prior MI, ischemic stroke, or symptomatic PAD appeared to
benefit from dual antiplatelet therapy as shown in figure 3.06%)

4. Percutaneous Coronary Intervention

Percutaneous treatment with balloon angioplasty to dilate ste-
notic arteries was first mentioned in the literature in the late 1970s

Am J Cardiovasc Drugs 2008; 8 (2)
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and has since evolved with the utilization of stent therapy.[0493
Stent therapy in PCI has been proven to be clinically superior to
percutaneous balloon angioplasty.[°-721 PCI has largely replaced
CABG as treatment for ACS, except for patients with left main or
three-vessel disease.”3! PCI can be associated with significant
peri- and post-procedural complications that have been minimized
by the use of appropriate antithrombotic therapy.[’*! Prior to the
use of antiplatelet therapy, early thrombosis was a common occur-
rence after stent placement.l”> Drug-eluting stents (DES) have
become increasingly used in selected populations to decrease the
rates of restenosis.[’®! More recently, late-stent thrombosis with
DES has been a controversial topic and thought to be associated
with early discontinuation of antiplatelet therapy.l’”-8]

4.1 Aspirin

Aspirin use before and after PCI is essential in the prevention of
thrombosis. Early studies showed aspirin to be effective anti-
platelet therapy when used with and without dipyridamole for the
prevention of ischemia following angioplasty.l”>-8!! Pretreatment
with aspirin prior to intervention reduced the angiographic evi-
dence of thrombus before and after angioplasty.” In the M-
HEART 11 trial,®?! 752 patients were randomized to receive aspi-
rin 325 mg, sulotroban (a selective TxA» inhibitor), or placebo
1 hour prior to angioplasty and for a duration of 6 months. Death,
MI, restenosis, or the need for revascularization was significantly
reduced with aspirin compared with placebo (30% vs 41%;
p = 0.046).18%!

107 — Placebo + ASA
— Clopidogrel + ASA

Primary outcome event rate (%)
N
1

0 T T T T 1
0 6 12 18 24 30

Months since randomization

Fig. 3. Kaplan-Meier curves for cardiovascular death, myocardial infarction
(MI), or stroke for clopidogrel + aspirin (ASA; acetylsalicylic acid) versus
placebo + aspririn in 9478 patients with prior MI, ischemic stroke, or symp-
tomatic peripheral arterial disease. Dual antiplatelet therapy significantly
reduced the primary outcome event rate of cardiovascular death, MI, or
stroke in patients with a previous history of cardiovascular events com-
pared with aspirin alone (8.8% vs 7.3%; relative risk reduction 17.1%; 95%
Cl 4.4, 28.1; p = 0.01) [reproduced from Bhatt et al.,[®3 with permission].
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The optimum dose of aspirin that needs to be administered prior
to angioplasty or PCI has not been studied sufficiently. In early
bare metal stent (BMS) trials, treatment regimens that included
aspirin were found to reduce peri- and post-procedural complica-
tions.!®3 Antiplatelet therapy with aspirin and ticlopidine reduced
MI and the need for urgent revascularization compared with
anticoagulant therapy including aspirin, unfractionated heparin,
and phenprocoumon.*®! In early trials!*’#4! in patients undergoing
PCI, aspirin reduced mortality, MI, urgent revascularization, or
stent thrombosis both with and without thienopyridines.

The most up to date guidelines by the American College of
Cardiology (ACC)/American Heart Association (AHA)/Society of
Cardiovascular Angiography and Interventions (SCAI) recom-
mend a starting dose of aspirin 300-325 mg at least 2 hours prior
to the procedure and preferably up to 24 hours prior to PCL!3
Patients should continue treatment with aspirin for at least 1, 3,
and 6 months, after PCI with BMS, sirolimus- or paclitaxel-eluting
stents, respectively; treatment with low-dose aspirin should be
continued indefinitely, thereafter.!3>! The use of aspirin indefinite-
ly following PCI is warranted.

4.2 Ticlopidine

Despite the risks of neutropenia and TTP, ticlopidine has been
well established as an antiplatelet therapy for PCI. A trial by Hall
et al.® randomized 226 patients, undergoing intravascular-ultra-
sound guided stent placement, to aspirin or aspirin plus ticlopidine
and found a trend at 30 days that favored the addition of ticlopidine
to aspirin in reducing death, stent thrombosis, MI, or need for
revascularization (0.8% vs 3.9%; p = 0.10). The ISAR trial com-
pared antiplatelet (aspirin and ticlopidine) and anticoagulation
(unfractionated heparin, warfarin, and phenprocoumon) regimens
after BMS deployment and found that the antiplatelet regimen
reduced the risk of cardiac death, MI, or need for urgent revascu-
larization (1.6% vs 6.2%; RR 0.25; 95% CI 0.06, 0.77;
p = 0.01).1 A later analysis of the ISAR trial determined at 6
months that there was no significant angiographic difference in
restenosis between the two regimens.®

In STARS, 1653 patients undergoing PCI with BMS were
randomized to one of three antithrombotic regimens, aspirin alone,
aspirin and warfarin, or aspirin and ticlopidine to assess 30-day
primary outcomes (death, MI, revascularization of target lesion, or
angiographic evidence of thrombosis).*”! The primary endpoint
occurred in 0.5% of patients receiving dual antiplatelet therapy
versus 3.6% receiving aspirin alone and 2.7% receiving aspirin
and warfarin (p = 0.001).[4”1 Hemorrhagic complications did in-
crease from 1.8% with aspirin alone to 5.5% with aspirin and
ticlopidine and 6.2% with aspirin and warfarin (p < 0.001) without
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any increased risk of neutropenia or thrombocytopenia.l*”! Thus,
dual antiplatelet therapy is beneficial compared with aspirin alone
but has a higher risk for bleeding complications.

The FANTASTIC trial®” randomized patients undergoing
emergent or elective BMS implantation to ticlopidine and aspirin
or oral anticoagulation and aspirin. The rate of stent occlusion,
death, or MI favored antiplatelet therapy versus anticoagulation
therapy, but did not reach statistical significance (5.6% vs 8.3%;
p =0.37).871 A significantly higher risk of bleeding occurred in the
anticoagulation group compared with the dual antiplatelet therapy
group (21% vs 13.5%; OR 0.59; 95% CI 0.36, 0.98; p = 0.03), yet
this difference was mainly due to an increase in local ecchymosis
(16.5% vs 6.6%; p = 0.006) rather than any increase in blood
transfusions (1.6% vs 2.6%; p = 0.45).1871

MATTIS®® studied the 30-day combined outcomes of cardio-
vascular death, MI, or urgent revascularization in 350 patients at
high risk for stent thrombosis who were randomized to receive
aspirin and ticlopidine or oral anticoagulation and aspirin. A trend
that favored a reduction in the combined outcomes was seen with
antiplatelet therapy compared with anticoagulation therapy (5.6 vs
11%; RR 1.94; 95% CI 0.93, 4.06; p = 0.07).1®1 There was a
significant reduction in the risk for major vascular or bleeding
complications in patients treated with aspirin and ticlopidine ver-
sus oral anticoagulation and aspirin (1.7% vs 6.9%; p = 0.02).1881
Taken together, results from the Hall et al.®* study, ISAR,
STARS, FANTASTIC, and MATTIS trials show a reduction in
ischemic events with dual antiplatelet therapy with aspirin and
ticlopidine.

An observational study®!in 175 consecutive patients undergo-
ing PCI and receiving ticlopidine pretreatment found a strong
correlation between reductions in periprocedural non-Q wave MI
and increased duration of pre-treatment with ticlopidine. Pretreat-
ment >3 days significantly reduced MI compared with treatment
<3 days (OR 0.18; 95% CI 0.04, 0.78; p = 0.01).13% The EPIS-
TENT trial evaluated the potential benefit of ticlopidine pre-
treatment in stented patients randomized to abciximab or placebo
and assessed outcomes through 1 year of follow-up.P"! All patients
who underwent PCI received treatment with ticlopidine after the
procedure and 58% of patients received ticlopidine therapy prior
to PCL.%' Among patients randomized to placebo, ticlopidine pre-
treatment compared with no pre-treatment was associated with a
significant reduction in MI and death at 30 days, which remained
present up to 1 year (11.2% vs 15.8%; p = 0.048).°97 Thus,
pretreatment with thienopyridines is an important component of
antiplatelet therapy for PCIL.
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4.3 Ticlopidine versus Clopidogrel

There has been a change in the standard antiplatelet regimen for
PCI from ticlopidine to clopidogrel because of its quick onset of
action when a loading dose is used, better tolerability, and once-
daily dosing.’*°! Ticlopidine 250 mg twice daily or clopidogrel
75 mg daily inhibits ADP-induced platelet aggregation by 40-60%
after 3-5 days; a similar timeframe for recovery of platelet func-
tion has been noted following discontinuation of these agents.®%

In the CLASSICS trial,”3! 1020 patients were randomized to
three different 28-day therapeutic regimens following PCI:
ticlopidine 250 mg twice daily; a loading dose of clopidogrel
300 mg followed by 75 mg/day; or clopidogrel 75 mg/day.®3! All
regimens included aspirin 325 mg/day. Rates of cardiac death, MI,
or revascularization was not significantly different between treat-
ment groups.®>! Major or peripheral bleeding, neutropenia,
thrombocytopenia, or early discontinuation secondary to noncar-
diac events was significantly lower in the combined clopidogrel
group (4.6%) compared with the ticlopidine group (9.1%) [RR
0.50; 95% CI 0.31, 0.81; p = 0.005].1%1 Thus, the results of
CLASSICS trial showed a beneficial safety profile of clopidogrel
compared with ticlopidine with similar efficacy; this study was not
powered to examine differences in rates of stent thrombosis.

Studies have been conducted comparing the efficacies of
clopidogrel and ticlopidine in PCL. A meta-analysis,! involving
13 955 patients from three RCTs and seven registries, compared
the efficacy of ticlopidine with that of clopidogrel after PCI.
Results of this analysis revealed that clopidogrel was associated
with significant reductions at one month in major adverse cardiac
events (OR 0.51; p = 0.001), in MI (OR 0.51; p = 0.001), and
mortality (OR 0.44; p = 0.001).°" In addition, reports of rare
severe adverse affects (i.e. neutropenia and TTP) associated with
ticlopidine and once-daily dosing with clopidogrel have led in-
terventionalists to favor clopidogrel. In patients with mild allergies
or intolerance to clopidogrel, which occurs rarely, ticlopidine may
be substituted for clopidogrel. If ticlopidine is utilized, a 500-mg
loading dose should be administered 6 hours prior to planned PCI
or 24 hours if the patient is aspirin intolerant. Therapy should be
continued for at least 2 weeks after the placement of a BMS.[°4

4.4 Clopidogrel

Pretreatment of patients undergoing PCI with clopidogrel is
essential.® One of the first studies exploring the effects of
clopidogrel pretreatment in patients undergoing PCI with GP IIb/
IITa inhibitors followed up 299 consecutive patients who were
treated with a loading dose of clopidogrel 300 mg followed by
75 mg/day within 5 days prior to PCI or after PCL.[°! Pretreatment
with clopidogrel reduced cardiovascular death, MI, or the need for
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urgent revascularization compared with no pretreatment (5.5% vs
14%; p = 0.03).° TARGET"” randomized 4809 patients to
tirofiban or abciximab prior to PCL%®! In a post hoc analysis of
TARGET, the effect of pretreatment with clopidogrel 300 mg was
evaluated for the combined clinical endpoints of cardiovascular
death, MI, or urgent revascularization at 30 days, 6 months, and
1 year. Patients who received clopidogrel pretreatment had im-
proved combined clinical endpoints at 30 days and 6 months
compared with no pretreatment (for 30 days, 6.6% vs 10.4%;
hazard ratio [HR] 0.63; 95% CI 0.44, 0.89; p = 0.009; for 6
months, 14.6% vs 19.8%; HR 0.71; 95% CI 0.55, 0.92;
p = 0.01).°7I There may have been selection bias in the group that
was pretreated if this group included less urgent cases. There were
no statistical differences between the two groups for bleeding risk
at 30 days.””! One-year mortality was significantly reduced with
pretreatment compared with no pretreatment (1.7% vs 3.6%; HR
0.46; 95% CI 0.25, 0.85; p = 0.011).°71 These results suggest that
pretreatment prior to PCI improves the short- and long-term clin-
ical outcomes. In the TARGET trial, in an analysis of the timing of
pre-treatment, patients who received pretreatment >6 hours before
PCI had improved combined clinical endpoints compared with
those who received pretreatment <6 hours prior to PCI at 30 days
(4.9% vs 6.9%; p = 0.045).°7) This was primarily due to a reduced
number of MI events (4.2% vs 6.3%; p = 0.028).°71 There was no
significant differences between groups for the time intervals of
0-2 hours and 2-6 hours prior to the procedure (6.5% vs 7.7%;
p = 0.198).7

Similar results were seen in the CREDO trial. CREDO”!
randomized 2116 patients undergoing elective PCI to placebo or a
loading dose of clopidogrel 300 mg 3-24 hours prior to PCIL.
Thereafter all patients received clopidogrel 75 mg for 28 days.
Patients in both groups received aspirin throughout the study."!
Patients who received pre-treatment with clopidogrel 3 to <6 hours
prior to PCI did not show any benefit in death, MI, or urgent
revascularization compared with no pretreatment (RR —13.4%;
95% CI 29.8, —83.3; p = 0.60); patients treated with clopidogrel 6
to 24 hours prior to PCI showed a benefit in risk reduction for this
endpoint (RR 28.6%; 95% CI —1.6, 62.9; p = 0.051).°71 Results
from the TARGET and CREDO trials suggest that the optimum
timing for pretreatment with clopidogrel 300 mg should be =6
hours prior to PCI. Potentially, longer intervals provide even
greater benefit.[1%]

Ex vivo data have suggested that clopidogrel 600 mg acceler-
ates the inhibition of ADP stimulated platelet aggregation mea-
sured by light aggregometry as early as 2 hours after drug adminis-
tration compared to less inhibition with clopidogrel 300 mg.l"%1 A
post hoc analysis of the ISAR-REACT trial studied the effects of a
pretreatment dose of clopidogrel 600 mg in 2159 patients random-
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ized to abciximab versus placebo at various time intervals (2-3,
3-6, 6-12, and >12 hours) prior to PCL!%! There were no signif-
icant differences between any of the time intervals for death, MI,
or urgent revascularization at 30 days.!'%?! This data suggest that a
higher dose of clopidogrel eliminates the need for a longer dura-
tion of pretreatment seen with a loading dose of clopidogrel
300 mg.

Several studies have been conducted to test the effect of various
doses of clopidogrel on platelet aggregation in patient with ACS
undergoing PCI. The ARMYDA-2 trial'%! randomized 255 pa-
tients undergoing PCI to clopidogrel 300 mg or 600 mg 48 hours
prior to PCI with a 30-day follow-up period. On average,
clopidogrel was administered 6 hours prior to PCLI%1 Death, MI,
or target vessel revascularization was reduced with a higher load-
ing dose compared with a lower dose (4% vs 12%; p = 0.041),
primarily as a result of a 50% reduction in periprocedural MI (OR
0.48; 95% CI 0.15, 0.97; p = 0.044).1103]

The ISAR-CHOICE trial"® randomized 60 patients with sus-
pected or documented coronary artery disease (CAD) to 300, 600,
or 900 mg loading doses of clopidogrel prior to coronary angiogra-
phy. ADP-induced optical platelet aggregometry was measured
before and 4 hours after the administration of clopidogrel.l'® No
significant differences were found between clopidogrel 600 and
900 mg for inhibition of measured ADP-induced platelet aggrega-
tion (52.7% vs 49.7%; p = 0.59), yet increased inhibition occurred
with clopidogrel 600 mg compared with clopidogrel 300 mg
(52.7% vs 66.5%; p = 0.01).1104

The ALBION!%! trial randomized 103 low to moderate risk
patients with non-ST elevation MI to a loading dose of clopidogrel
300, 600, or 900 mg and measured various markers of platelet
aggregation at different time intervals 24 hours after administra-
tion. Clopidogrel doses >300 mg inhibited platelet aggregation to a
greater extent as early as 2 hours through 24 hours after adminis-
tration, with no difference in bleeding risk."'%! Death, MI, unplan-
ned PCI, or rehospitalization for angina at 30 = 7 days did not
differ significantly between the three loading doses of clopido-
grel.'%! Taken together, ARMYDA-2, ISAR-CHOICE, and AL-
BION suggest a greater inhibition of platelet function at
clopidogrel doses >300 mg.

The largest trial studying different loading doses of clopidogrel
on platelet parameters randomized 292 consecutive high-risk non-
ST elevation MI patients undergoing PCI to clopidogrel 300 mg or
600 mg at least 12 hours prior to PCLI%! All patients received
concurrent aspirin therapy and clopidogrel 75 mg/day for 1
month.l'%! ADP-induced platelet aggregation prior to PCI was
significantly lower in patients who received clopidogrel 600 mg
compared with 300 mg (50 + 19% vs 61 + 16%; p < 0.0001).11061 At
1 month, cardiovascular death, acute, or subacute stent thrombo-
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sis, recurrent ACS, or stroke was significantly reduced in the
higher loading dose group compared with the lower loading dose
group (5% vs 12%; p = 0.035).11%1 In a post hoc analysis, patients
with high post-treatment platelet reactivity (HPPR), defined as
platelet aggregation >70%, were examined.!'%! HPPR was far less
prevalent in the clopidogrel 600 mg group than in the 300 mg
group (15% vs 25%; p = 0.04).11%1 Of the patients who experi-
enced a cardiovascular event, 67% of patients in the clopidogrel
300 mg group and 86% of patients in the 600 mg group were
characterized as having HPPR.['%! Thus, patients who are unable
to adequately suppress platelet aggregation are at an increased risk
for cardiovascular events post-PCIL. In the clopidogrel 600 mg
group, patients with HPPR may represent a population of individu-
als who are nonresponders to or ‘resistant’ to treatment with
clopidogrel.

Overall, pretreatment with clopidogrel 600 mg appears to be as
safe as using a lower dose and seems to be more efficacious. The
beneficial effects of pretreatment with clopidogrel may be due to
maximal suppression of platelet aggregation prior to PCI or poss-
ibly in part due to a reduction in the levels of inflammatory
markers associated with poorer cardiovascular outcomes.07-108]
The CURRENT/OASIS 7 trial will randomize 14 000 patients
with unstable angina or non-STEMI (NSTEMI) undergoing early
PCI to different doses of clopidogrel and aspirin with a 30-day
follow-up to determine whether higher doses of antiplatelet agents
results in reduced rates of ischemia.l!®! Specifically, patients will
be randomized to loading doses of either clopidogrel 300 mg or
600 mg followed by clopidogrel 150 or 75 mg/day for the first
week, then 75 mg/day up to 30 days.['%1 All patients will receive a
loading dose of aspirin 300 mg and will be randomized to either
aspirin 75-100 mg or 300-325 mg/day for the 30 days.!'®! CUR-
RENT/OASIS 7 may help to determine if higher doses of
clopidogrel and/or aspirin improve efficacy outcomes.

The duration of clopidogrel therapy following PCI is currently
a topic of much debate. A prespecified analysis of the CURE trial
called PCI-CURE investigated the benefit of long-term
clopidogrel in patients undergoing PCIL. In PCI-CURE,!'! 2658
patients with NSTEMI undergoing PCI received placebo or pre-
treatment with a loading dose of clopidogrel 300 mg then 75 mg/
day for a median duration of 10 days. All patients were receiving
aspirin prior to PCI, with limited use of GP IIb/IlIa inhibitors.[!!]
Post-PCI, patients received open label thienopyridine for 4 weeks
after which the original study drug was resumed in 80% of patients
in both groups for a mean duration of 8 months.'! From PCI to
the end of follow-up (i.e. mean duration of 8§ months from PCI),
clopidogrel showed a significant reduction in cardiovascular
death, MI, or urgent revascularization compared with placebo
(18.3% vs 21.7%; RR 0.83; 95% CI1 0.70, 0.99; p = 0.03), with the
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greatest effect occurring in the prevention of Q-wave MI for the
clopidogrel group (1.5% vs 3.5%; RR 0.43; 95% CI 0.26,
0.73).[110]

The CREDO trial followed up patients for up to 1 year after
PCI. Patients in this study were randomized to clopidogrel or
placebo with both groups receiving concomitant aspirin.[*’! At
1 year, the clopidogrel group had a 26.9% reduction in death, MI,
or stroke compared with placebo (8.5 vs 11.5%; 95% CI 3.9, 44.4;
p =0.02).°°! Patients treated with clopidogrel had an increased risk
for major bleeding compared with placebo but this result was not
statistically significant (8.8% vs 6.7%; p = 0.07).°°! Results from
PCI-CURE and CREDO trials indicate that a longer duration of
treatment with clopidogrel and concomitant aspirin post-PCI was
not only safe but improved the efficacy for the prevention of
ischemic cardiovascular events up to 1 year.

Current ACC/AHA/SCAI guidelines for clopidogrel therapy
for PCI recommend a loading dose of 300 mg administered 6
hours prior to the procedure and continuation of therapy for at least
1 month with BMS, 3 months with sirolimus-eluting stents, and 6
months with paclitaxel-eluting stents.’®! A recommendation to
continue therapy up until 1 year is suggested for DES patients
without a high risk of bleeding.® Loading doses of clopidogrel
>300 mg have been utilized to achieve greater antiplatelet activity
but the safety and efficacy of higher doses have not been fully
established.

4.5 Thienopyridine Therapy and Drug-Eluting Stents

DES have been associated with a phenomenon called late-stent
thrombosis.!"''! The BASKET-LATE trial"'?! randomized 743
patients undergoing PCI to BMS, paclitaxel-eluting, or sirolimus-
eluting stents. Patients were treated with clopidogrel for 6 months
and aspirin indefinitely, then followed up for 1 year after stopping
clopidogrel."'?! Cardiac death or MI was decreased 3-fold in the
BMS group compared with the DES group during the 1-year
follow-up after discontinuation of clopidogrel (1.3 vs 4.9%;
p = 0.01).1''2] The median time for a clinical event was 116 days
after discontinuation of clopidogrel with a range of 15 to 362 days
during the period of 1 year.''?! The above results suggest that the
duration of clopidogrel therapy was insufficient to prevent late
thrombotic events in patients with DES.

A recent observational study in 4666 patients who underwent
PCI with BMS (n = 3165) or DES (n = 1501) were followed up at
6, 12, and 24 months for death, MI, or revascularization. Patients
with DES and event-free at 6 months had significant reductions in
adjusted 24-month outcomes with clopidogrel therapy versus no
therapy for both death (2.0% vs 5.3%; 95% CI1—6.3,-0.3; p=0.03)
and death or MI (3.1% vs 7.2%; 95% CI —7.6, —0.6; p = 0.02)."8!
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There was no statistically significant difference between groups
for nonfatal MI alone (1.3 vs 3.6%; p = 0.24)."8! Similar results
were reported for adjusted 24-month outcomes in patients who
were event-free at 12 months and receiving clopidogrel compared
with no clopidogrel (death: 0.0% vs 3.5%; p = 0.04; nonfatal MI:
0.0% vs 1.0%; p = 0.047; and death or MIL: 0.0% vs 4.5%;
p < 0.001).”8 Among patients with BMS, no statistically signif-
icant differences in death and death or MI were observed at 24
months for patients receiving clopidogrel versus no clopidogrel.”8!
This observational study suggests that a longer duration of treat-
ment with clopidogrel is associated with a reduced risk for death
and death or MI in patients with DES.

A meta-analysis of ten controlled trials involving 5030 patients
randomized to BMS (n =2428) or DES (n = 2602) did not find any
significant increase in the risk of stent thrombosis between DES or
BMS (0.58% for DES vs 0.51% for BMS; OR 1.05; 95% CI1 0.51,
2.15; p = 1.000)."7 Qver a period of 12 months, the incidence of
stent thrombosis with DES was 0.20% and was significantly
increased in patients receiving longer stents.””! Data on anti-
platelet therapy each patient received at the time of stent thrombo-
sis were not available.””? A second meta-analysis of 14 RCTs in
6675 patients undergoing PCI with follow-up at 12-48 months
found the incidence of stent thrombosis to be 0.50% with DES and
0% with BMS (RR 5.02; 95% CI 1.29, 19.52; p = 0.02).1'3] The
risk of stent thrombosis in DES was increased 4- to 5-fold after 6
months compared with BMS and surprisingly this risk remained
constant up to 48 months after stent placement.!'!3] The majority of
trials in this meta-analysis used dual antiplatelet therapy for 2—-6
months and none of the trials mandated clopidogrel use beyond
1 year.[''3] Despite the incidence of stent thrombosis being very
low, results of these meta-analyses suggest that early discontinua-
tion of dual antiplatelet therapy in patients with DES is associated
with a significant risk for thrombotic events. These results were
confirmed by a subsequent meta-analysis of four RCTs in patients
with paclitaxel-eluting stents, which found that the incidence of
late stent thrombosis with paclitaxel-eluting stents was 0.50%
compared with 0.06% in patients with BMS followed up for 36
months.l"' Ten patients with paclitaxel-eluting stents (n = 1718)
developed stent thrombosis after 30 days, while eight patients had
thrombotic events >180 days after stent placement.!''4! At the time
of thrombosis, treatment with clopidogrel had been discontinued
in all patients and three patients were not receiving treatment with
aspirin.[''¥ Overall, results of the three meta-analyses suggest that
DES are associated with a very low but significant risk for late
stent thrombosis compared with BMS. Taking into account the
results of the BASKET-LATE trial, early discontinuation of thie-
nopyridine therapy seems to be correlated with an increased risk
for late stent thrombosis in patients with DES. However, subse-
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quent meta-analyses of the RCT have found no excess death or MI
associated with DES compared with BMS.[!!5-117]

The devastating nature of stent thrombosis and its association
with DES has led practitioners to re-think their approach toward
stent selection and subsequent antiplatelet therapy. The use of
prolonged dual antiplatelet therapy must be weighed against risk
for bleeding.”® Selecting which patients are appropriate candi-
dates for DES and long-term or lifetime dual antiplatelet therapy is
essential.l'''l A consensus statement by the AHA/ACC/SCAI ad-
dressing the issue of early discontinuation of thienopyridine ther-
apy in DES was recently published.!''8! DES should be avoided if
possible in any patient who will undergo a surgical or invasive
procedure within 12 months or in any individual who may not
comply with 12 months of thienopyridine therapy for any rea-
son.!''8 Improved efforts to educate patients and healthcare provi-
ders who may want to discontinue thienopyridine therapy during
invasive or surgical procedures are needed.!''®! Any elective inva-
sive or surgical procedure that may increase bleeding should be
delayed until patients have received at least 12 months of dual
antiplatelet therapy following DES placement.!'!8! If a patient
needs to discontinue thienopyridine therapy for an invasive or
surgical procedure, then aspirin should be continued and treatment
with thienopyridine resumed as soon as possible.[!'®! Finally, there
must be adequate communication between the physician and the
patient’s interventional cardiologist prior to discontinuation of
antiplatelet therapy in patients with stents.[!!®)

5. Newer Platelet Adenosine Diphosphate
Receptor Antagonists

Several newer ADP receptor antagonists are currently being
investigated.l'!”! Prasugrel is a newer potent thienopyridine that
irreversibly inhibits platelet activation and aggregation via the
P2Y 12 receptor.['?0:1211 Ex yivo studies have shown that prasugrel
is a more potent inhibitor of platelet aggregation than clopidogrel
and ticlopidine.['?! In a phase I study, prasugrel had a faster onset
of action and fewer nonresponders compared with clopidogrel.['??!
The JUMBO-TIMI 26!'?* trial was a phase II clinical trial of 904
patients undergoing elective or emergent PCI randomized to
clopidogrel or one of three different dosing regimens of prasugrel.
At 30 days, there was no significant differences in bleeding
between patients receiving clopidogrel or pooled prasugrel (1.2%
vs 1.7%; 95% CI 0.40, 5.08; p = 0.59).['>3] Patients receiving
prasugrel had a nonsignificant reduction in major cardiac adverse
events compared to clopidogrel (7.2% vs 9.4%; 95% C10.46, 1.24;
p = 0.26).1'231 The TRITON-TIMI 38?4 randomized 13 608 pa-
tients with UA/NSTEMI or STEMI to prasugrel (60-mg loading
dose then 10 mg/day) or clopidogrel (300-mg loading dose then
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75 mg/day) for a median of 14.5 months. Cardiovascular death,
nonfatal MI, or nonfatal stroke was significantly lower in the
prasugrel group compared with the clopidogrel group (9.9 vs 12.1
%; HR 0.81; 95% CI1 0.73, 0.90; p < 0.001), while major bleeding
was significantly higher in the prasugrel group (2.4 vs 1.8%; HR
1.32;95% CI 1.03, 1.68; p = 0.03).1'>#I The study suggests that the
greater anti-ischemic benefit of prasugrel must be weighed care-
fully against its higher bleeding risk, and future subgroup analysis
needs to determine who may benefit the most from prasugrel with
minimal risks of bleeding.!'>) PRINCIPLE-TIMI 44129 trial was a
randomized, double-blind, crossover study examining patients
undergoing elective PCI. Patients were loaded prior to PCI with
prasugrel 60 mg or clopidogrel 600 mg and had post-loading dose
and post-PCI aggregometry and biomarker studies carried out.[126)
Treatment with prasugrel 10 mg or clopidogrel 150 mg was
maintained for 14 days and therapies were crossed over for a
further 14 days.['?! Clinical outcomes, aggregometry, and bi-
omarkers were assessed at 14 and 30 days.!!?! Basically, prasugrel
was more effective at inhibiting platelets even when compared to
higher doses of clopidogrel.['?¢!

Ticagrelor (AZD 6140) is a reversible oral P2Y12 receptor
antagonist from a class called cyclopentyltriazolopyrimidines.['?7!
The DISPERSE trial randomized 200 patients with atherosclerosis
to clopidogrel 75 mg or to different dosages of ticagrelor and
reported improved antiplatelet pharmacokinetics compared with
clopidogrel."?81 The DISPERSE-2 trial!'*! randomized 984 pa-
tients with NSTEMI receiving concurrent aspirin to a loading dose
of ticagrelor 270 mg followed by 90 or 180 mg twice daily or a
loading dose of clopidogrel 300 mg followed by 75 mg/day. No
significant differences were found between ticagrelor and
clopidogrel for the primary endpoint of death, MI, stroke, or
recurrent ischemia at 12 weeks.['*’ Ticagrelor had no increased
risk for significant bleeding and reduced the risk of MI compared
with clopidogrel (2.7 and 2.1%, respectively, for ticagrelor 90 mg
and 180 mg vs 4.3% for clopidogrel).l'?’! These results suggest
that ticagrelor has a similar safety profile and may be more
efficacious than clopidogrel. In some of the clinical trials, an
increased frequency of dyspnea has been noted with ticagrelor.!'3%!
The PLATO study is an ongoing randomized phase III clinical trial
evaluating the efficacy of ticagrelor in comparison with
clopidogrel for the prevention of vascular events in 18 000 patients
with ACS.[119,131,132]

In ex vivo studies, an intravenous P2Y12 receptor antagonist
called cangrelor has shown greater inhibition of platelet activation
than clopidogrel and does not require hepatic metabolism for
activation unlike clopidogrel.l'331341 Cangrelor achieves steady
state concentrations within a few minutes of administration, and
the majority of patients regain platelet function within one hour of
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drug discontinuation."!3 This compound has been evaluated in
phase II clinical studies and has shown similar efficacy and
tolerability to clopidogrel.l*!127:1361 Two phase 111 clinical trials are
ongoing, called CHAMPION-PCI and -PLATFORM, to deter-
mine the efficacy of cangrelor in comparison with clopidogrel in
patients undergoing PCL.!119:132,137.138]

6. Aspirin Resistance

Despite the widespread use of aspirin for primary or secondary
prevention of ACS, a certain proportion of patients receiving
aspirin  will experience ischemic events related to ather-
othrombosis. This clinical failure has sometimes been called aspi-
rin ‘resistance’ or nonresponse. The biologic mechanism responsi-
ble for aspirin resistance is most likely multifactorial. The topic of
aspirin resistance has been extensively reviewed in the litera-
ture.l13%1431 It is well known that aspirin has a variable effect on
platelet reactivity.['** The intra- and inter-individual variability of
aspirin on platelet function has been clearly demonstrated by
laboratory measurements.['43 It remains to be elucidated how this
variability correlates with clinical resistance or nonresponse.!!46]

The prevalence of aspirin resistance is not known. Numerous
studies have been published with estimates of aspirin resistance
ranging from 5% to 60%.!"431471 However, it is difficult to make
any judgments about the true prevalence of aspirin resistance from
these studies because of: (i) the small sample size; (ii) variabilities
in testing and measurement between studies; (iii) the variability in
definitions used for aspirin resistance; and (iv) the different patient
populations used in the studies. Estimating the true prevalence is
also hindered by the under use of aspirin by patients and physi-
cians, even in patients with known CAD.!'*3] Thus, at present, little
is known about the true prevalence of aspirin resistance and this
remains an important question for future study.

6.1 Laboratory Tests for Measurement of Platelet
Response to Aspirin

Numerous methods are currently available to investigate plate-
let activity.['4%159 Agpirin decreases the production of TxA» thus
inhibiting platelet activation and aggregation. The effect of aspirin
on TxA7 can be measured by assessing stable metabolites of TxA2,
mainly serum levels of TxB2 and urinary levels of 11-f-
dehydrothromboxane B2.1471 Serum TxB> is a stable breakdown
metabolite of TxA2 that is dependent on COX-1 activity.'3!
However, serum levels of TxA2 are not always solely dependent
on platelets or COX-1 activity. Monocytes and macrophages can
also produce TxA2, independent of COX-1 activity.'471 COX-2 is
an inducible form of COX that can produce TxA2, whose expres-
sion and activity is increased in diseased vessels with atheroscle-
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rotic lesions.[5%1331 TxA» can be produced in endothelial cells,
monocytes, and macrophages by transcellular metabolism involv-
ing platelet thromboxane synthase.!'>*! Megakaryopoiesis induces
COX-2 expression which can be found in states of high platelet
turnover.['3 Serum TxA2 and its stable metabolite TxB2 do
depend on COX-1 activity, yet there are several other mechanisms
and cells by which it can be produced.

A second stable metabolite of TxA2 found in the urine is 11-B-
dehydrothromboxane B> and it has been utilized as a measure of
TxA2 production.!'*! The limitations of measuring levels of this
metabolite of TxAp are similar to those of measuring serum TxB>
levels. However, higher levels of urinary 11-B-dehydrothrombox-
ane B2 have been correlated with increased cardiovascular risk in
aspirin-treated patients.['*?l Measurements of metabolites of TxA2
can be directly affected by COX-1 activity. A number of mechan-
isms exist that can bypass COX-1 mediated production of TxA2
and still activate platelets, thus making the measurement of TxA>
metabolites somewhat unreliable for testing platelet activity.

Direct measurement of platelet function is an alternative
method to measure aspirin resistance and its effects on overall
platelet function. The majority of the tests rely upon measuring the
level of agonist-induced (e.g. adrenaline [epinephrine], collagen,
arachidonic acid, and ADP) platelet aggregation, which should
correlate with TxA2 production in platelets.['3 The gold standard
of platelet function tests is light or optical aggregometry, whereby
the amount of agonist-induced platelet aggregation is correlated
with light transmission measured spectrophotometrically. Limita-
tions to this test are that it is highly labor intensive, results are
variable between laboratories and operator dependent.[!>7]

The Platelet Function Analyzer-100 (PFA-100™)! is a point of
care test that contains a biologically active membrane coated with
adrenaline or ADP.'381 A sample of blood flows through a small
aperture that creates an artificial vessel.['® Blood samples experi-
ence high shear stress coupled with exposure to biologic stimuli on
the coated membrane to induce platelet activation and aggregation.
The time it takes for a stable plug to form at the aperture correlates
with the platelet reactivity of the sample.['8! Numerous factors
including platelet count, red blood cell count, and vWF can affect
the closure time, thus results can be highly variable.'*”] The
VerifyNow™ is another point of care test that measures the ability
of whole blood to induce fibrinogen-coated bead agglutination.!'4!]
It measures light transmission and values are expressed as aspirin
resistance units (ARU), where a value >550 is defined as aspirin
resistant,!'41]

Despite several ways to measure platelet function, studies have
shown that there is poor agreement between various testing meth-
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ods. 100 consecutive patients with a history of stroke or transient
ischemic attack treated with aspirin for 1 month had blood samples
drawn and tested with arachidonic acid-induced optical ag-
gregometry, PFA-100™, and VerifyNow™.!!3 The correlation
between the tests for aspirin nonresponders was poor.!'*! The
incidence of aspirin resistance was 5% by optical aggregometry,
22% by PFA-100, and 17% by VerifyNow™; only 2% of patients
were confirmed as nonresponders by all three tests.!!>"]

More importantly, does the absence of a clinical response to
aspirin correlate with laboratory evidence of aspirin resistance? It
is likely that a number of factors are responsible for this clinical
failure, yet a certain population of patients may be truly resistant to
aspirin.!'®! A more logical approach to the debate may be to take
cues from how blood pressure is currently analysed and to think of
the laboratory evidence as a continuum of aspirin inhibition of
platelet function.[140:141]

6.2 Potential Mechanisms of Aspirin Resistance

The most common cause for aspirin resistance is non-com-
pliance. Numerous studies have correlated aspirin resistance to
noncompliance.['®1163] [n some small studies, higher doses of
aspirin correlate with greater inhibition of platelet reactivi-
ty.[164165] However, higher doses of aspirin do not show a greater
clinical benefit compared with lower doses of aspirin and appear to
confer a greater risk of both minor and major bleeding.[2%166]
Younger age and increased body weight are correlated with de-
creased rates of COX-1 inhibition with low doses of aspirin but the
clinical significance of this correlation remains unknown.[!6”!

Aspirin crosses the intestinal barrier as a weakly acidic lipo-
philic drug that can be metabolized to its inactive form, salicylic
acid, by mucosal esterases.!'931°1 [t has been proposed that proton
pump inhibitors can increase the metabolism of aspirin to its
inactive form by esterases.!'*’ The concurrent use of NSAIDs by
an individual receiving aspirin has been postulated as a cause for
resistance.!'””! NSAIDs can inhibit COX-1 activity directly inde-
pendent of aspirin. NSAIDs and aspirin have the potential to
interact pharmacokinetically, and NSAIDs could both actively or
allosterically inhibit the binding of aspirin to COX-1.[1711721 Pa-
tients receiving NSAIDs, particularly ibuprofen, and aspirin have
been shown to have an increased risk of MLI73174 Adequately
powered trials have not been conducted to determine the true
effect of NSAIDs as augmenting or accelerating inhibition of
COX-1."1 True pharmacokinetic failure to inhibit COX-1 with
aspirin has been shown in selected patient populations. Some
studies!!'’*1781 have shown that patients undergoing CABG or
carotid surgery have impaired COX-1 inhibition with aspirin, yet

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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the mechanism and clinical significance of this failure are un-
known.

COX-2 induction by various clinical states and/or increased
production in monocytes, macrophages, and endothelial cells can
provide a mechanism for TxA2 production independent of
COX-1.11521761791 Other alternate pathways for platelet activation
could occur through non-TxA2 molecules like collagen, ADP, or
vWE.[180.1811 Tnterestingly, patients who were found to be aspirin
resistant by PFA-100™ were more sensitive to stimulation by
ADP.[131]

Exercise causes an increase in circulating catecholamines
which may be associated with increased platelet activation; aspirin
cannot protect against exercise-induced platelet activation in cer-
tain individuals.['®” Isoprostanes are products of lipid peroxida-
tion and may act as thromboxane receptor agonists. Certain risk
factors (e.g. smoking, diabetes mellitus, obesity, hyperlipidemia,
hyperglycemia, and hyperhomocysteinemia) associated with
cardiovascular disease have been shown to increase isoprostane
production and oxidative stress.['83-1881 Patients with severe unsta-
ble angina have increased production of F2-isoprostane 8-iso-
prostaglandin, a byproduct of arachidonic acid peroxidation. This
provides a possible biochemical link between increased oxidant
stress and platelet activation in aspirin resistant patients.[!89] The
role of systemic inflammation on platelet reactivity may provide
an alternative mechanism for Tx A2 production.!"?%! Cardiovascular
disease itself may activate platelets, as seen in congestive heart
failure (CHF) and ACS.['°L1921 Numerous mechanisms or con-
founding variables may contribute to impaired platelet response,
and clinical studies must control for these variables in order to
determine the true cause for aspirin resistance.

An exciting aspect of aspirin resistance is seen in patients who
may have a genetic cause for altered response to aspirin. Various
genetic polymorphisms have been identified and associated with
aspirin resistance.['?) Polymorphisms of the COX-1 gene have
been identified, which could be involved with altered responsive-
ness to aspirin.1?31%4 COX-2 polymorphisms are associated with
decreased risks for MI and stroke.['°>) Other polymorphisms asso-
ciated with platelet surface glycoproteins may be associated with
clinical response to aspirin.['! More specifically, polymorphism
PLA1/A2 of the gene encoding GP Illa has been associated with
increased bleeding time and impaired response to platelet aggrega-
tion agonists.l!¥7-2001 Agpirin resistance has also been associated
with individuals with polymorphisms in the ADP receptor gene
P2Y; on platelets, vWF, and the collagen receptor.[196:201.2021 Ag
more data are accumulated on genetic polymorphisms associated
with impaired pharmacologic response to aspirin, this subset of
individuals represents a unique group where primary and secon-
dary prevention of cardiovascular disease with alternative anti-
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platelet therapies could be utilized. Potential mechanisms of aspi-
rin resistance are summarized in figure 4.

6.3 Clinical Outcomes in Patients with Aspirin Resistance

Clinical trials as far back as 1993 have shown poorer clinical
prognosis in aspirin nonresponsive individuals.?% A substudy of
the HOPE triall'*?! analysed 966 patients with known cardio-
vascular disease receiving aspirin once daily in a nested case-
control design and measured urinary-11-B-dehydrothromboxane
B2 with a median follow-up of 4.5 years. After adjusting for
differences, with  urinary-11-B-dehy-
drothromboxane B2 levels (i.e. higher TxA2 levels) in the highest
quartile were 1.8 times more likely to have cardiovascular death,
ML, or stroke compared with those in the lowest quartile (OR 1.8;
95% CI 1.2, 2.7; p = 0.009).1'%? The trial had several limitations
including single baseline measurements of urinary TxB2 concen-
trations and multiple confounders between cases and controls.!'4?!
Overall, the above data suggest that failure of aspirin to inhibit
platelet TxA production correlates with adverse clinical out-

baseline individuals

comes.

A more recent trial in 171 patients undergoing elective PCI and
receiving aspirin for 21 week and loaded with clopidogrel 300 mg
12-24 hours prior to PCI measured baseline cardiac enzymes (CK-
MB and Tnl) and platelet function with VerifyNow™.[2%41 Patients
who received treatment with GP IIb-Illa inhibitors, other anti-
platelet drugs or NSAIDs within 2 weeks of PCI, or with
preprocedural elevations in cardiac enzymes were excluded. This
study found that 19.2% of patients were aspirin resistant and had
higher levels of cardiac enzymes compared with patients who
were aspirin sensitive, which made aspirin resistance an indepen-
dent risk factor for myonecrosis (OR 2.8; 95% CI 1.3, 6.0;
p = 0.007).12041 The sensitivity and specificity of the VerifyNow™
were 92% and 85%, respectively.?*!! Study limitations included a
predominantly Asian patient population, small sample size, and
collection of a single-baseline blood sample for defining aspirin
resistance.”*! Randomized clinical trials assessing the prognostic
significance of aspirin resistance are needed that are powered
adequately and control for confounding variables, especially com-
pliance.

Another trial randomized 36 patients with known peripheral
arterial disease to clopidogrel or placebo.?% All patients were
treated with aspirin 100 mg/day for a 3-week run-in period prior to
randomization and continued on aspirin through the duration of
the trial.[?% Patients were treated with clopidogrel or placebo for 3
weeks, followed by a 3-week washout, and then a 3-week cross-
over of the randomized drugs.?% Platelet aggregation by optical
aggregometry was analysed after each 3-week period.”® The
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Fig. 4. Possible mechanisms of aspirin resistance. ADP adenosine diphosphate; CABG = coronary artery bypass grafting; COX-1 = cyclo-oxygenase-1;
COX-2 = cyclo-oxygenase-2; GP = glycoprotein; TxA2 = thromboxane A2; VWF = von Willebrand Factor.

highest inhibition of collagen induced platelet aggregation was
found in patients with the highest levels of arachidonic acid
induced platelet aggregation (i.e. the least sensitive to aspirin).l20!
Thus, clopidogrel showed greater inhibition of platelet function in
patients who were least responsive to aspirin. The trial suggests
that clopidogrel may be a useful adjunct in patients who have
biochemical evidence of aspirin resistance.

So the question remains: what do we do about aspirin resis-
tance? At this point, there are limited clinical data on when it is
appropriate to test for aspirin resistance, or if someone is defined
as aspirin resistant, how one should manage the antiplatelet regi-
men. The Antithrombotic Trialists’ Collaboration had shown that
increased doses of aspirin appear to have little clinical benefit in a
population of patients.[*”) Higher aspirin doses were associated
with increased bleeding risk in the CURE trial.’! Clinical trials
are needed to determine if higher aspirin doses can overcome
aspirin resistance and potentially decrease cardiovascular events.
A substudy of the CHARISMA trial will examine a cohort of
patients to determine prospectively if clopidogrel added to aspirin
will be beneficial for those patients with high levels of urinary-11-
B-dehydrothromboxane B2. RCTs further analysing the question
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of aspirin resistance in large populations of patients with ACS are
required.

7. Clopidogrel Resistance

As in the case with aspirin, the concept of ‘resistance’ or
nonresponse to clopidogrel has recently emerged as a controver-
sial topic.['412962071 Many of the concepts and controversies that
surround aspirin resistance are shared with clopidogrel resistance.
Current literature has estimated the prevalence of clopidogrel
resistance at 4% to 68%.292071 A reduction in the prevalence of
nonresponders has been reported with longer durations of treat-
ment with clopidogrel.?%! Various methods exist to test platelet
response to clopidogrel. No single test or definition is available
to determine if a patient is resistant to clopidogrel. Light or optical
aggregometry with ADP as an agonist will induce P2Y 12-depen-
dent platelet aggregation.!'>%!1571 Results with optical aggregome-
try can vary significantly with the concentration of ADP used and
the time chosen to test platelet function after the administration of
clopidogrel.101:2092191 Other methods used to determine platelet
reactivity to clopidogrel are currently being tested and include
disaggregation studies and measurement of monoclonal antibodies
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to GP IIb/I1la or P-selectin.?'!! Phosphorylated vasodilator-stimu-
lated phosphoprotein (VASP) levels have been shown to correlate
with clopidogrel resistance but exhibits a wider inter-individual
variability.[*'?l VASP is an intraplatelet regulatory protein which is
phosphorylated via a P2Yi2-dependent mechanism; the
phosphorylated form can be detected by flow cytometry.?!?! Sig-
nificant inter- and intra-test variability occurs with the various
testing modalities and hampers the ability to define clopidogrel
resistance based on laboratory measurements.210-211]

7.1 Potential Mechanisms for Clopidogrel Resistance

Research is being conducted to determine what influences an
individual’s response to clopidogrel; numerous mechanisms have
been postulated. Noncompliance is
clopidogrel resistance. It still remains to be proven if platelet
reactivity to clopidogrel is influenced by systemic inflamma-
tion.['! Variations in pharmacokinetics and pharmacodynamics
may influence an individual’s response to clopidogrel. Clopido-
grel absorption varies between individuals, and there is significant
interindividual variability in hepatic cytochrome P450 (CYP) 3A4
activity.?!32141 CYP3A4 metabolizes the prodrug clopidogrel into
its active form, thus drug-drug interactions could occur with other
molecules metabolized by CYP3A4. Atorvastatin is metabolized
by CYP3A4 and it has been postulated that this drug could inhibit
the platelet effects of clopidogrel. In one trial®®'>! of 44 consecutive
patients undergoing PCI, atorvastatin attenuated the antiplatelet
activity of clopidogrel in a dose-dependent manner. However,
results from the CREDO, PRONTO, and INTERACTION studies
showed that no statins including atorvastatin altered the clinical
antiplatelet effect of clopidogrel.2!6-218]

a common cause for

In 544 individuals who underwent PCI or had heart failure there
was a wide distribution in ADP-induced platelet aggregation as
measured by optical aggregometry.*'! In a trial of 96 patients
undergoing elective PCI, ADP-induced platelet aggregation was
measured by optical aggregometry at various timepoints from
baseline to 30 days following PCL[!91 All patients were treated
with a loading dose of aspirin and clopidogrel 300 mg followed by
75 mg/day.?!'% There was a wide interindividual variability in the
platelet inhibitory response from clopidogrel; however, patients
with higher baseline platelet reactivity showed higher platelet
reactivity in subsequent testing post-PCL!%1 Both studies show
that there is a fair amount of variability in response to clopidogrel,
but do not provide guidance regarding what, if anything, to do
about it.[210:219]

It is postulated that differences in platelet reactivity with
clopidogrel could occur as a result of genetic differences in the
P2Y 12 ADP receptor on platelets. The H2 haplotype of the P2Y 12
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ADP receptor has been associated with enhanced ADP-induced
platelet aggregation and is more prevalent in patients with peri-
pheral arterial disease compared with age-matched controls.[?20-221]
A study'??! in 416 patients undergoing elective PCI and treated
with aspirin and clopidogrel 600 mg prior to PCI, had 2-hour post-
administration blood samples analysed for ADP-induced optical
platelet aggregation. Patients were evaluated for P2Y 12 haplotypes
(H1/H2) and P2Y 12 C32T genotypes and no differences occurred
between haplotype combinations or genotypes in their platelet
reactivity.[???! Prospective RCTs will allow further insight into the
mechanisms surrounding clopidogrel platelet reactivity.

7.2 Prognostic Significance of Clopidogrel Resistance

Very few clinical studies have assessed the prognostic signifi-
cance of clopidogrel resistance in patients with cardiovascular
disease. One study™"! in 105 patients with known CAD undergo-
ing elective PCI for stable angina, measured ADP-induced optical
platelet aggregation at baseline and 4 hours after clopidogrel
administration. Clopidogrel nonresponse was defined as platelet
aggregation of <10% from baseline.”! Roughly 5-11% of indi-
viduals were found to be nonresponders, of whom two individuals
in the nonresponder subgroup had subacute thrombosis 6-7 days
following PCL.2%! In another study,?>* a population of 60 patients
with STEMI undergoing PCI were administered aspirin and
clopidogrel 300 mg after PCI followed by 75 mg/day for 3 months.
ADP-induced optical platelet aggregation studies were done at
baseline and daily for 5 days post-PCL[223] Patients were followed
up for 6 months and compliance was assessed monthly with
telephone calls.[??3! During the follow-up period, 40% of patients
in the first quartile (i.e. patients with the highest mean platelet
aggregation), 6.7% of patients in the second quartile, and zero
patients in the third and fourth quartile had cardiovascular events
(p = 0.007).221 Both of these studies give a glimpse of how
variability in platelet response may have prognostic significance.

So what should physicians do about clopidogrel resistance?
There are no clinical guidelines currently for screening and man-
agement of patients who are resistant to clopidogrel. One could
make an argument for screening selected populations who may be
at higher risk for impaired platelet reactivity. One group that may
be of interest are patients who will undergo complex PCI with
DES and require longer dual antiplatelet therapy, yet how one
would manage patients with impaired reactivity remains unknown.
Current ACC/AHA/SCAI guidelines recommend platelet aggrega-
tion studies in patients at high risk for catastrophic or lethal
subacute stenosis and to increase the dose of clopidogrel to
150 mg/day if <50% of platelet aggregation is inhibited.[®>) Higher
doses of clopidogrel accelerate inhibition of platelet aggregation
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as early as 2 hours after drug administration.!'!! For patients
undergoing PCI, increasing the loading doses of clopidogrel may
prove to be beneficial in patients who are resistant to clopidogrel
as higher doses have been shown to improve efficacy as evidenced
from results from the ARMYDA-2, ALBION, and ISAR-
CHOICE trials.!'9-151 The newer ADP antagonists, prasugrel,
cangrelor, and ticagrelor, may be alternative agents for use in
patients who clearly display impaired platelet reactivity to
clopidogrel or have clinical failure to clopidogrel despite adequate
compliance. Future RCTs that can help define clopidogrel resis-
tance, determine which patients should be screened, and provide
insight into treatment options may provide a more individualized
approach to therapy for patients with ACS and/or undergoing PCI.

8. Conclusion

Atherothrombosis is a complex cascade of events that ensues
from the interplay of atherosclerotic plaque rupture leading to
platelet activation and aggregation. Antiplatelet agents are essen-
tial for the primary and secondary prevention of ACS. For primary
prevention, aspirin should be considered in selected patient popu-
lations, especially those with Framingham risk scores >10%. After
ACS, dual antiplatelet therapy for at least 1 year has emerged as
standard therapy for prevention of ischemic events. In patients
undergoing PCI, aspirin should be continued indefinitely and
clopidogrel for at least 1 year. Clopidogrel pretreatment is impor-
tant to decrease the incidence of cardiovascular events. Dual
antiplatelet therapy is even more important with the advent of DES
and the rare phenomenon of late-stent thrombosis. Continuing
dual antiplatelet therapy for periods that may be longer than
current guidelines in patients with low risk for bleeding might be
prudent. The concept of resistance to aspirin and clopidogrel is
still an emerging and important clinical question. Advances in
pharmacogenomics are on the horizon and may change the land-
scape of how ACS and PCI should be managed. Individualized
antithrombotic regimens may include specific therapy based on
patients’ platelet reactivity to that specific agent. Newer ADP
antagonists may be promising alternatives to currently available
antiplatelet therapies for the treatment of ACS and for patients
undergoing PCIL.
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