748 clopidogrel. Rates of stroke were similar with ticagrelor and clopido-

grel (1.5% and 1.3%, respectively), and no difference in rates of major
bleeding was noted. When minor bleeding was added to the major
bleeding results, however, ticagrelor showed an increase relative to
clopidogrel (16.1% and 14.6%, respectively; p = .008). Ticagrelor also
was superior to clopidogrel in patients with acute coronary syndrome
who underwent percutaneous coronary intervention or cardiac surgery. Based on these observations, some guidelines give ticagrelor
preference over clopidogrel, particularly in higher risk patients.
dosing Ticagrelor is initiated with an oral loading dose of 180 mg
followed by 90 mg twice daily. The dose does not require adjustment
in patients with renal impairment, but the drug should be used with
caution in patients with hepatic disease and in those receiving potent
inhibitors or inducers of CYP3A4 because ticagrelor is metabolized in
the liver via CYP3A4. Ticagrelor is usually administered in conjunction with aspirin; the daily aspirin dose should not exceed 100 mg.
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side effects In addition to bleeding, the most common side effects of
ticagrelor are dyspnea, which can occur in up to 15% of patients, and
asymptomatic ventricular pauses. The dyspnea, which tends to occur
soon after initiating ticagrelor, is usually self-limiting and mild in
intensity. The mechanism responsible for this side effect is unknown.
To reduce the risk of bleeding, ticagrelor should be stopped 5–7
days prior to major surgery. Platelet transfusions are unlikely to be of
benefit in patients with ticagrelor-related bleeding because the drug
will bind to P2Y12 on the transfused platelets.

Oncology and Hematology

DIPYRIDAMOLE
Dipyridamole is a relatively weak antiplatelet agent on its own, but an
extended-release formulation of dipyridamole combined with lowdose aspirin, a preparation known as Aggrenox, is used for prevention
of stroke in patients with transient ischemic attacks.

Indications Dipyridamole plus aspirin was compared with aspirin
or dipyridamole alone, or with placebo, in patients with an ischemic
stroke or transient ischemic attack. The combination reduced the risk
of stroke by 22.1% compared with aspirin and by 24.4% compared
with dipyridamole. A second trial compared dipyridamole plus aspirin
with aspirin alone for secondary prevention in patients with ischemic
stroke. Vascular death, stroke, or MI occurred in 13% of patients
given combination therapy and in 16% of those treated with aspirin
alone. Another trial randomized 20,332 patients with noncardioembolic ischemic stroke to either Aggrenox or clopidogrel. The primary
efficacy endpoint of recurrent stroke occurred in 9.0% of those given
Aggrenox and in 8.8% of patients treated with clopidogrel. Although
this difference was not statistically significant, the study failed to meet
the prespecified margin to claim noninferiority of Aggrenox relative
to clopidogrel. These results have dampened enthusiasm for the use
of Aggrenox.
Because of its vasodilatory effects and the paucity of data supporting
the use of dipyridamole in patients with symptomatic coronary artery
disease, Aggrenox should not be used for stroke prevention in such
patients. Clopidogrel is a better choice in this setting.
Dosing Aggrenox is given twice daily. Each capsule contains 200 mg
of extended-release dipyridamole and 25 mg of aspirin.
Side Effects Because dipyridamole has vasodilatory effects, it must
be used with caution in patients with coronary artery disease.
Gastrointestinal complaints, headache, facial flushing, dizziness, and
hypotension can also occur. These symptoms often subside with continued use of the drug.
GP IIB/IIIA RECEPTOR ANTAGONISTS
As a class, parenteral Gp IIb/IIIa receptor antagonists have an established niche in patients with acute coronary syndromes. The three
agents in this class are abciximab, eptifibatide, and tirofiban.

Mechanism of Action A member of the integrin family of adhesion
receptors, Gp IIb/IIIa is found on the surface of platelets and megakaryocytes. With about 80,000 copies per platelet, Gp IIb/IIIa is the
most abundant receptor. Consisting of a noncovalently linked heterodimer, Gp IIb/IIIa is inactive on resting platelets. When platelets
are activated, inside-outside signal transduction pathways trigger a
conformational activation of the receptor. Once activated, Gp IIb/
IIIa binds adhesive molecules, such as
fibrinogen and, under high shear conditions, VWF. Binding is mediated by the
Reuptake
Adenosine
Arg-Gly-Asp (RGD) sequence found
X
on the α chains of fibrinogen and on
VWF, and by the Lys-Gly-Asp (KGD)
Dipyridamole
sequence located within a unique dodecapeptide domain on the γ chains of
A2 Receptor
fibrinogen. Once bound, fibrinogen
and/or VWF bridge adjacent platelets
Adenylate
Platelet
cyclase
together to induce platelet aggregation.
ATP
Although abciximab, eptifibatide,
and tirofiban all target the Gp IIb/
IIIa receptor, they are structurally and
X
AMP
cAMP
pharmacologically distinct (Table
Phosphodiesterase
143-1). Abciximab is a Fab fragment
of a humanized murine monoclonal
antibody directed against the activated
Ca2+
form of Gp IIb/IIIa. Abciximab binds to
the activated receptor with high affinity and blocks the binding of adhesive
molecules. In contrast, eptifibatide and
Activation and aggregation
tirofiban are synthetic small molecules.
inhibited
Eptifibatide is a cyclic heptapeptide that
FIGURE 143-4 Mechanism of action of dipyridamole. Dipyridamole increases levels of cyclic AMP
binds Gp IIb/IIIa because it incorpo(cAMP) in platelets by (1) blocking the reuptake of adenosine and (2) inhibiting phosphodiesteraserates the KGD motif, whereas tirofiban
mediated cyclic AMP degradation. By promoting calcium uptake, cyclic AMP reduces intracellular
is a nonpeptidic tyrosine derivative that
levels of calcium. This, in turn, inhibits platelet activation and aggregation.
acts as an RGD mimetic. Abciximab has

Mechanism of Action By inhibiting phosphodiesterase, dipyridamole
blocks the breakdown of cyclic adenosine monophosphate (AMP).
Increased levels of cyclic AMP reduce intracellular calcium and inhibit
platelet activation. Dipyridamole also blocks the uptake of adenosine
by platelets and other cells. This produces a further increase in local
cyclic AMP levels because the platelet adenosine A2 receptor is coupled
to adenylate cyclase (Fig. 143-4).
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