higher doses of aspirin or by adding other antiplatelet drugs. Until
such information is available, testing for aspirin resistance remains a
research tool.
ADP RECEPTOR ANTAGONISTS
The ADP receptor antagonists include the thienopyridines (clopidogrel and prasugrel) and ticagrelor. All of these drugs target P2Y12, the
key ADP receptor on platelets.
Thienopyridines • mecHanism of action The thienopyridines are structurally related drugs that selectively inhibit ADP-induced platelet
aggregation by irreversibly blocking P2Y12 (Fig. 143-3). Clopidogrel
and prasugrel are prodrugs that require metabolic activation by the
hepatic cytochrome P450 (CYP) enzyme system. Prasugrel is about
10-fold more potent than clopidogrel and has a more rapid onset of
action because of better absorption and more streamlined metabolic
activation.
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side effects The most common side effect of clopidogrel and prasugrel is bleeding. Because of its greater potency, bleeding is more common with prasugrel than clopidogrel. To reduce the risk of bleeding,
clopidogrel and prasugrel should be stopped 5–7 days before major
surgery. In patients taking clopidogrel or prasugrel who present with
serious bleeding, platelet transfusion may be helpful.
Hematologic side effects, including neutropenia, thrombocytopenia, and thrombotic thrombocytopenic purpura, are rare.
tHienopyridine resistance The capacity of clopidogrel to inhibit ADPinduced platelet aggregation varies among subjects. This variability
reflects, at least in part, genetic polymorphisms in the CYP isoenzymes
involved in the metabolic activation of clopidogrel. Most important
of these is CYP2C19. Clopidogrel-treated patients with the loss-offunction CYP2C19*2 allele exhibit reduced platelet inhibition compared with those with the wild-type CYP2C19*1 allele and experience
a higher rate of cardiovascular events. This is important because estimates suggest that up to 25% of whites, 30% of African Americans, and
50% of Asians carry the loss-of-function allele, which would render
them resistant to clopidogrel. Even patients with the reduced function
CYP2C19*3, *4, or *5 alleles may derive less benefit from clopidogrel
than those with the full-function CYP2C19*1 allele. Concomitant
administration of clopidogrel with proton pump inhibitors, which are
inhibitors of CYP2C19, produces a small reduction in the inhibitory
effects of clopidogrel on ADP-induced platelet aggregation. The extent
to which this interaction increases the risk of cardiovascular events
remains controversial.
In contrast to their effect on the metabolic activation of clopidogrel,
CYP2C19 polymorphisms appear to be less important determinants
of the activation of prasugrel. Thus, no association was detected
between the loss-of-function allele and decreased platelet inhibition
or increased rate of cardiovascular events with prasugrel. The observation that genetic polymorphisms affecting clopidogrel absorption or
metabolism influence clinical outcomes raises the possibilities that
pharmacogenetic profiling may be useful to identify clopidogrelresistant patients and that point-of-care assessment of the extent
of clopidogrel-induced platelet inhibition may help detect patients
at higher risk for subsequent cardiovascular events. Clinical trials
designed to evaluate these possibilities have thus far been negative.
Although administration of higher doses of clopidogrel can overcome
a reduced response to clopidogrel, the clinical benefit of this approach
is uncertain. Instead, prasugrel or ticagrelor may be better choices for
these patients.
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indications When compared with aspirin in patients with recent
ischemic stroke, recent MI, or a history of peripheral arterial disease,
clopidogrel reduced the risk of cardiovascular death, MI, and stroke by
8.7%. Therefore, clopidogrel is more effective than aspirin but is also
more expensive. In some patients, clopidogrel and aspirin are combined to capitalize on their capacity to block complementary pathways
of platelet activation. For example, the combination of aspirin plus
clopidogrel is recommended for at least 4 weeks after implantation of
a bare metal stent in a coronary artery and for at least a year in those
with a drug-eluting stent. Concerns about late in-stent thrombosis
with drug-eluting stents have led some experts to recommend longterm use of clopidogrel plus aspirin for the latter indication. However,
these recommendations are likely to change because the risk of late
stent thrombosis is decreasing with the newer generation of drugeluting coronary stents.
The combination of clopidogrel and aspirin is also effective in
patients with unstable angina. Thus, in 12,562 such patients, the risk
of cardiovascular death, MI, or stroke was 9.3% in those randomized
to the combination of clopidogrel and aspirin and 11.4% in those
given aspirin alone. This 20% relative risk reduction with combination
therapy was highly statistically significant. However, combining clopidogrel with aspirin increases the risk of major bleeding to about 2% per
year. This bleeding risk persists even if the daily dose of aspirin is ≤100
mg. Therefore, the combination of clopidogrel and aspirin should only
be used when there is a clear benefit. For example, this combination
has not proven to be superior to clopidogrel alone in patients with
acute ischemic stroke or to aspirin alone for primary prevention in
those at risk for cardiovascular events.
Prasugrel was compared with clopidogrel in 13,608 patients with
acute coronary syndromes who were scheduled to undergo percutaneous coronary intervention. The incidence of the primary efficacy
endpoint, a composite of cardiovascular death, MI, or stroke, was significantly lower with prasugrel than with clopidogrel (9.9% and 12.1%,
respectively), mainly reflecting a reduction in the incidence of nonfatal
MI. The incidence of stent thrombosis also was significantly lower with
prasugrel (1.1% and 2.4%, respectively). However, these advantages were
at the expense of significantly higher rates of fatal bleeding (0.4% and
0.1%, respectively) and life-threatening bleeding (1.4% and 0.9%, respectively) with prasugrel. Because patients older than age 75 years and
those with a history of prior stroke or transient ischemic attack have a
particularly high risk of bleeding, prasugrel should generally be avoided
in older patients, and the drug is contraindicated in those with a history
of cerebrovascular disease. Caution is required if prasugrel is used in
patients weighing less than 60 kg or in those with renal impairment.
When prasugrel was compared with clopidogrel in 7243 patients
with unstable angina or MI without ST-segment elevation, prasugrel
failed to reduce the rate of the primary efficacy endpoint, which was
a composite of cardiovascular death, MI, and stroke. Because of the
negative results of this study, prasugrel is reserved for patients undergoing percutaneous coronary intervention. In this setting, prasugrel is
usually given in conjunction with aspirin. To reduce the risk of bleeding, the daily aspirin dose should be ≤100 mg.

dosing Clopidogrel is given once daily at a dose of 75 mg. Loading 747
doses of clopidogrel are given when rapid ADP receptor blockade is
desired. For example, patients undergoing coronary stenting are often
given a loading dose of 300 mg, which produces inhibition of ADPinduced platelet aggregation in about 6 h; loading doses of 600 or 900 mg
produce an even more rapid effect. After a loading dose of 60 mg,
prasugrel is given once daily at a dose of 10 mg. Patients older than
age 75 years or weighing less than 60 kg should receive a lower daily
prasugrel dose of 5 mg.

Ticagrelor As an orally active inhibitor of P2Y12, ticagrelor differs
from the thienopyridines in that ticagrelor does not require metabolic
activation and it produces reversible inhibition of the ADP receptor.
mecHanism of action Like the thienopyridines, ticagrelor inhibits
P2Y12. Because it does not require metabolic activation, ticagrelor has
a more rapid onset and offset of action than clopidogrel, and it produces greater and more predictable inhibition of ADP-induced platelet
aggregation than clopidogrel.
indications When compared with clopidogrel in patients with acute
coronary syndromes, ticagrelor produced a greater reduction in the
primary efficacy endpoint—a composite of cardiovascular death, MI,
and stroke at 1 year—than clopidogrel (9.8% and 11.7%, respectively;
p = .001). This difference reflected a significant reduction in both
cardiovascular death (4.0% and 5.1%, respectively; p = .001) and MI
(5.8% and 6.9%, respectively; p = .005) with ticagrelor compared with
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