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EDITORIAL

Clopidogrel Resistance:
An Emerging Problem

Platelets have a central role in the development of arterial
thrombosis and subsequent cardiovascular events. An
appreciation of this complex process has made antiplatelet
therapy the cornerstone of cardiovascular disease manage-
ment. Dual antiplatelet therapy with aspirin and clopidogrel
has been approved for the secondary prevention of cardio-
vascular events and is currently part of the postpercuta-
neous coronary intervention treatment regimen. However,
subacute stent thrombosis continues to occur in 1% to 2%
of patients despite dual antiplatelet therapy!.

Despite the impressive and consistent effects of aspirin in
reducing adverse events in a variety of ischemic heart dis-
ease states, more potent antiplatelet agents, glycoprotein
[Ib/Illa inhibitors, and thienopyridines have been devel-
oped. The thienopyridines irreversibly inhibit ADP binding
to the P2Y'12 receptor on the platelet surface. By blocking
this receptor, these agents interfere with platelet activation,
degranulation, and—by inhibiting the modification of the
glycoprotein IIb/Illa receptor—aggregation. Currently
available thienopyridine antiplatelet agents include ticlopi-
dine and clopidogrel and prasugrel2. The agents have simi-
lar platelet effects and have been shown to be clinically
efficacious. However, clopidogrel has largely replaced
ticlopidine because of an improved safety profile, with a
lower incidence of hematologic complications (neutropenia
and pancytopenia) than ticlopidine!?. The effects of clopi-
dogrel are time and dose dependent, with a ceiling effect at
approximately 50% to 60% inhibition of platelet aggrega-
tion2.

The term resistance is problematic in that it has been vari-
ably used to indicate failure of an agent to prevent the clin-
ical condition for which it is intended or failure of the agent
to achieve the biochemical (pharmacokinetic and/or phar-
macodynamic) effect. Because of the complex pathophysi-
ology of ischemic heart disease, involving thrombosis,
inflammation, vascular biology, hemodynamics, etc, no sin-
gle agent can be expected to abolish ischemic events.
Furthermore, a patient may have the appropriate platelet
response to a given therapy but have recurrent events medi-
ated by nonplatelet factors. For these reasons, it would be
reasonable to classify patients who have recurrent events on
therapy as having failure of therapy, while limiting the term
resistance to those patients for whom the agent does not
achieve its pharmacological effect. The key clinical ques-
tion is what role resistance to an agent plays in failure of

therapy.

To identify the failure to achieve a pharmacological effect,
one must be able to measure it reliably. Several assays are
available to measure platelet function and effects of
antiplatelet agents3.

Analogous to aspirin resistance, there is no clear and
accepted definition for clopidogrel resistance. Studies have
shown a dose- and time-dependent variability in response
to clopidogrel as measured by optical platelet aggregome-
try in response to ADP. In a study by Gurbel et al®, 96
patients undergoing elective coronary stenting were moni-
tored before and at multiple time points after standard
clopidogrel therapy (300-mg loading dose followed by 75
mg daily). Clopidogrel resistance, empirically defined as
<10% reduction in aggregation in response to 5 pmol/L
ADP compared with pretreatment values, was seen in 63%
of patients at 2 hours, 31% at 24 hours, 31% at 5 days, and
15% at 30 days9. Patients with the highest pretreatment val-
ues had the least antithrombotic protection over the first 5
days. In another report, Muller et al? defined nonresponders
as those with <10% reduction in platelet aggregation to
ADP and semiresponders as those with 10% to 29% reduc-
tion 4 hours after 600-mg clopidogrel load, as no addition-
al effect was seen with this treatment regimen at 24 hours.
This study found that to 5 pmol/L ADP, 5% were nonre-
sponders and 9% were semiresponders, and to 20 umol/L
ADP, 11% were nonresponders and 26% were semirespon-
ders’.

Several mechanisms of clopidogrel resistance are possible.
Extrinsic mechanisms include inappropriate dosing or
underdosing of clopidogrel and drug—drug interactions,
including a possible interaction between clopidogrel and
atorvastatin!!. There is a positive correlation of clopidogrel
response with CYP3A4 activity (measured by erythromycin
breath test)!2, suggesting that an important mechanism may
be variable conversion to the active metabolite. Other
potential extrinsic mechanisms could include variable
absorption of the prodrug or clearance of the active metabo-
lite. Intrinsic mechanisms could include P2Y!! receptor
variability, increase in number of receptors, increased
release of ADP, or upregulation of other platelet activation
pathways. In contrast to aspirin resistance, there has not
previously been a link between clopidogrel resistance as
measured by platelet assays and clinical adverse events.



Several questions arise from the growing literature on
clopidogrel resistance. Should patients with ACS or those
undergoing PCI routinely have platelet function measured?
If so, how should it be measured? What should be consid-
ered the appropriate definition of clopidogrel resistance?
What therapeutic maneuvers should clinicians undertake
when they encounter a patient with clopidogrel resistance?
Are there actions that can be taken prospectively to avoid
the problem of resistance?

One approach to managing clopidogrel resistance may
involve giving higher loading and maintenance doses.
Another promising approach may be to utilize alternative
thienopyridine agents such as CS-747 (LY640315)13, non-
thienopyridine P2Y1!! inhibitors such as AR-C69931Mx14,
or antagonists of other platelet targets. As we learn more
about the variable response to antiplatelet drugs, will the
time soon come for us to think of antiplatelet agents like
antibiotics, tailoring therapy when resistance is observed in
the laboratory!5?

Another burning debate is worth to mention; the use of pro-
ton pump inhibitors (PPIs) with clopidogrel. We know
clopidogrel is a prodrug metabolized in the liver by
cytochrome P-450 isoenzymes (CYP2C!8, CYP3A4 etc.) to
produce active form of clopidogrel. The PPIs are eliminat-
ed by hepatic route and the polymorphically expressed
CYP2C!8 is involved in the metabolism of omeprazole,
lansoprazole, rabeprazole, esomeprazole and pantoprazole.
These drugs reduces the anti platelet effects of clopidogrel
by competitive inhibition of CYP2C!® isoenzyme. So it is
advised not to add a PPI treatment to the antiplatelet dual
therapy without formal indication!0.
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