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Clopidogrel (Plavix) is an oral, anti-platelet agent of
the thienopyridine-class that is an important part of the
armamentarium in the management of acute coronary
syndromes (ACS), as well as stable coronary artery dis-
ease (CAD), ischemic cerebrovascular disease, and
peripheral arterial disease (PAD). It was initially
approved by the Food and Drug Administration (FDA) in
1997 on the basis of the CAPRIE trial as an alternative
anti-platelet drug to aspirin for the reduction of myocar-
dial infarction (MI), stroke, and vascular death, in patients
with atherosclerosis documented by recent stroke, recent
ML or established PAD.! A few years later, the FDA
expanded its label to include ACS as an indication for
treatment following evidence for the effectiveness of
clopidogrel (in addition to aspirin) to reduce major
cardiovascular events in patients with both non-ST—
(CURE 2 trial) and ST-segment elevation (COMMIT3 and
CLARITY" trials) ACS independent of the downstream
intervention (e.g., percutaneous or surgical revascular-
ization or medical management alone). Perhaps the most
common indication (albeit off-label) for clopidogrel use is
that for the prevention of stent-associated thrombosis after
percutaneous coronary or peripheral interventions.
Depending on the type of stent, and clinical situation, the
duration of clopidogrel therapy may be as short as
1 month (e.g., following elective bare-metal stenting), or
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more commonly 12 months after deployment of drug-
eluting stents,” although, emerging evidence now sug-
gests that this latter period may be extended to
30 months.® As a result of the large cumulative evidence
since first introduced in 1997, clopidogrel has become one
of the most commonly prescribed cardiovascular medi-
cations worldwide, and Plavix was for years the second
biggest selling drug in the industry before going generic in
2012.”

Clopidogrel, as well as other thienopyridines, exerts
its anti-platelet effect by conversion to active metabo-
lites that bind irreversibly to the platelet P2Y,,
purinergic receptor, thereby inhibiting adenosine
diphosphate (ADP)-mediated platelet activation and
aggregation.®” However, experimental evidence sug-
gests that the beneficial effects of P2Y |, inhibitors may
extend beyond their capacity to inhibit platelet aggre-
gation, as they also appear to display a direct
thrombolytic effect in vivo,'” and have been implicated
in the modulation of vascular contractile responses,“
and endothelium-dependent (nitric oxide-mediated)
coronary vasodilation in vitro.'? In fact, there is pre-
liminary evidence that the use of ticlopidine (another
potent thienopyridine) in patients with symptomatic
CAD results in a significant reduction in the reported
frequency of chest pain and number of episodes of ST-
segment depression on ambulatory monitoring after
4 weeks of therapy.'® Given the apparent anti-ischemic
properties of thienopyridines reported in some of these
studies, it is conceivable that their use could interfere
with the efficacy of stress testing and potentially lead to
underestimation of the presence and severity of induci-
ble myocardial ischemia during stress radionuclide
imaging.

In this issue of the Journal, Jovin et al. evaluated the
effect of clopidogrel on myocardial ischemia detection
by stress single photon emission computed tomography
(SPECT) myocardial perfusion imaging (MPI). In this
single-center study, they included 6,349 consecutive
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patients undergoing adenosine (43%) or exercise (57%)
stress SPECT MPI within a 2-year period (2003-2005).
The presence and extent of ischemia was assessed
quantitatively. The authors identified 277 (4.4%)
patients on clopidogrel at the time of the stress MPL.
Compared to the 6,072 subjects (95.6%) not on clopi-
dogrel at the time of imaging, those on clopidogrel were
older, more likely to be men, and had a higher preva-
lence of established CAD, diabetes, and other
cardiovascular risk factors. Not surprisingly, a higher
proportion of these patients were on other cardiovascular
medications including aspirin, blood pressure- and lipid-
lowering drugs, as well as insulin and/or oral diabetic
medications. In unadjusted analysis, patients on clopi-
dogrel had a higher risk of demonstrating ischemic
defects on stress MPI compared to those not on clopi-
dogrel [odds ratio (OR) 2.75, 95% confidence interval
(CI) 2.09-3.62; P < .0001]. The relative risk was higher
with exercise (OR 4.59, 95% CI 2.62-8.03; P < .0001)
than with vasodilator stress (OR 1.58, 95% CI 1.15-2.17;
P = .004). Because assignment of patients to clopido-
grel or other cardiovascular medications was made by
physician choice, not as a result of randomization, the
authors developed a propensity score for the use of
clopidogrel to adjust for differences between groups.
After multivariable adjustment for differences in base-
line clinical characteristics and the propensity score, the
relative risk of ischemic defects was similar between
groups regardless of the stress test protocol used (Ex-
ercise, OR 1.60; 95% CI 0.85-3.00; P = .14; and
Adenosine, OR 1.06, 95% CI 0.76-1.49; P = .73).
Comparable results were also obtained in matched-pair
analyses [OR 1.23 (95% CI 0.0-3.05; P = .65) for
exercise, and OR 0.90 (95% CI 0.58-1.38; P = .62) for
adenosine]. Compared to control patients, those on
clopidogrel showed similar extent and severity of
ischemia, as assessed by the summed difference score,
regardless of stress protocol (adenosine, 1.24 + 2.42 vs
1.16 + 2.34, respectively; P = .7; exercise, 1.24 + 2.28
vs 1.15 £+ 2.57, respectively; P = .8). The authors con-
cluded that clopidogrel use does not seem to decrease
the efficacy of vasodilator or exercise stress SPECT MPI
to detect myocardial ischemia, and that based on these
observations, holding clopidogrel prior to stress testing
is not warranted.

As previously mentioned, the use of clopidogrel, as
well as other thienopyridines, has increased significantly
over the past 20 years. In the present study, ~28% of
patients with known CAD were on clopidogrel. How-
ever, this estimate probably reflects clopidogrel use in
2003-2005, which is lower than more recent estimates of
the use of P2Y, inhibitors (~35-45%) in patients with
established CAD.'* Therefore, the results of this study
are important and quite pertinent to current nuclear
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cardiology practice. The lack of a significant effect of
clopidogrel on the sensitivity of stress MPI to uncover
ischemic defects is consistent with the results of a small
randomized controlled trial of 31 male patients with
documented CAD undergoing treatment for 2 weeks. '

This study has a few important limitations, primarily
that treatment was chosen by physicians and not assigned
randomly. Consequently, any difference or lack thereof in
the frequency or magnitude of ischemic defects could be
the result of residual selection bias that was uncorrected
despite the careful statistical adjustment. Indeed, the
propensity score method used in the study cannot adjust
for data that were not recorded in the clinical database,
such as renal function, or that was not assessed uniformly,
such as left ventricular function, or the time elapsed
between the last dose of clopidogrel and stress testing, or
potential drug interactions of clopidogrel with other
commonly used cardiovascular medications. Despite the
large number of patients in the study, the number of
patients on clopidogrel in this study was not large enough
to provide definitive evidence that clopidogrel does not
interfere with the efficacy of stress MPI. The authors did
not report whether the use of clopidogrel may be associ-
ated with increased frequency of side effects (especially
heart block) in patients undergoing adenosine stress,
which is a real concern since P2Y |, inhibitors (especially
ticagrelor) can block adenosine reuptake by red blood
cells,'® and potentiate adenosine-mediated side effects. In
fact, in the PLATO trial, patients assigned to ticagrelor
experienced more dyspnea and asymptomatic ventricular
pauses compared to clopidogrel.'’

In summary, the use of clopidogrel does not appear
to interfere with the efficacy of SPECT to assess the
presence and magnitude of inducible ischemia during
exercise or vasodilator stress MPI. Future studies will
need to investigate whether the observations of Jovin
et al. also hold true for the newer P2Y,, inhibitors
prasugrel, ticagrelor, and cangrelor. Importantly, future
studies also need to address the safety of vasodilator
stress in patients on P2Y, inhibitors to enhance the
value of Jovin’s conclusions, which at the moment
solely speak to the efficacy issue.
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