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The prevalence and clinical relevance of high on-treatment
platelet reactivity especially in patients with acute myocardial
infarction (AMI) and concomitant proton pump inhibitor (PPI)
treatment have been controversially discussed in the literature [1],
particularly since the U.S. Food and Drug Administration warning of
potential negative interactions between clopidogrel and PPI metabo-
lism (http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafety
Informationfor PatientsandProviders/DrugSafetyInformationforHeath-
care Professionals/ucm079520.htm). The reasons for reported conflicting
results on possible metabolic interactions between PPIs and clopidogrel
are differences in methodologies for detection and definitions of “platelet
resistance”, different clopidogrel dosing regimens and time points of
platelet function testing, and the use of different PPIs with different
metabolism and a consequent different risk of interactions [2]. Platelet
activity measurements by aggregometry instead of measurement of
surrogatemarkers of platelet activation are the preferredmethods for the
measurementof platelet activity, and additionallyonlymethods shouldbe
used clinically with test results linked to clinical outcome [2,3]. We
investigated the prevalence of clopidogrel and acetylsalicylic acid (ASA)
low- and non-responders by platelet aggregometry in AMI patients with
pantoprazole co-treatment to evaluate theneed for the implementation of
routine platelet function testing in our AMI patient population. Addition-
ally we investigated the predictive value of platelet activity for stent
thrombosis during follow-up.

We enrolled 135 AMI patients (95men and 40women, aged between
35 and 88 years [62±11 years]), whowere admitted to the coronary care
unit (CCU) after primary percutaneous coronary interventions (PCI) with
stent implantations during October 2009 and September 2010. Patients
were followed-up for referral to re-coronary angiography (CAG) until
October 2011. As our hospital is the only interventional cardiology center
in the region the risk of missing events during follow-up is low. 110
patients suffered from ST segment elevation myocardial infarctions
(STEMI) and 25 from non ST segment elevation myocardial infarctions
(non-STEMI). Drug-eluting stents were implanted in 89 patients and
bare-metal stents in 46 patients. 115 patients were loaded with 500 mg
ASA, while 20 patients already were on ASA maintenance therapy
(100 mg/day). All patients were loaded with 600 mg clopidogrel and
received daily maintenance doses of 100 mg ASA and 75mg clopidogrel.

Dual antiplatelet therapy was routinely combined with 40 mg of
pantoprazole (orally or intravenously if oral treatment was not feasible)
per day starting on the day of admission. Platelet functionwas assessed by
multiple electrode platelet aggregometry (Multiplate®, Dynabyte,
Munich, Germany) in hirudin anticoagulated whole blood as described
previously [4,5]. Blood samples for platelet function testingwere collected
on the second day of CCU-stay after the morning intake of the
maintenance doses of ASA and clopidogrel (if this time point was outside
regular working hours on weekends patients could not be included).
Blood samples were brought immediately after blood sampling to the
hospital's central laboratory for platelet function testing by a messenger.
Platelet activity was tested immediately after sample arrival in the
laboratory. Based on published results with use of the Multiplate®
analyzer patients with N75 Units (U) in the ASPItest®were classified as
ASA non-responders, and patients with values between 31 and 74 U as
ASA low-responders [4,5]. Patients with results of N47 U in the ADPtest®
were classified as clopidogrel non-responders [4,5]. These cut-off values
have been derived from reference value studies and have additionally
been shown to be linked to clinical outcome in patients with acute
coronary syndromes [4].

Data are given as mean and standard deviation (SD) or as
percentages unless otherwise stated. The t-test for independent
samples or the Mann–Whitney-U-test was used for group compar-
ison using the SPSS Statistics 17.0 and PASW Statistics 18 software
packages (International Business Machines Corporation, Armonk,
New York, USA). A two-sided p-valueb0.05 was considered to be
significant.

In our AMI population ASPItest® results ranged from 0 to 79 U (8±
10 U, see Fig. 1). We found four ASA low-responders (35 U, 35 U, 65 U,
68 U) and one ASA non-responder (79 U). ADPtest® results ranged from
0 to 87 U (16±19 U, see Fig. 2). We found nine clopidogrel non-
responders (48 U, 49 U, 50 U, 50 U, 51 U, 58 U, 69 U, 72 U, 87 U). Thus, the
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Fig. 1. Acetylsalicylic acid effect on day two of CCU-stay in patients with and without
subsequent stent thrombosis during follow-up.Results of patients with stent thrombosis
are given as open squares.Method: ASPItest®, Multiplate® (Dynabyte, Munich,
Germany); Results are given in arbitrary units [U], normal range 75–136 U.
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prevalence of ASA and clopidogrel non- or low-responders in our AMI
population was only 3.7 and 6.7% despite pantoprazole co-treatment,
respectively.

29 of the 135 enrolled AMI patients underwent re-CAG during follow-
up (1–569 days, mean 142 days after the first CAG) 14 patients for a
planned second elective PCI. Only 5 patients (3.7%) developed a re-
infarction due to stent thrombosis during follow-up. Their platelet activity
results did not differ significantly (ASPItest®: p=0.594, ADPtest®:
p=0.722) from the remaining patients (see figures). The ASPItest®
results of these five patients showed values between 0 and 11 U
(remaining patients: mean 8 U) and the ADPtest® values from 0 to
34 U (remaining patients: mean 16 U).

The major findings of our investigation on high on-treatment platelet
reactivity in an everyday AMI population are: 1. a low prevalence of
clopidogrel non-responders (6.7%) on the day after loading despite
concomitant pantoprazole treatment, 2. a low prevalence of ASA non-
responders (3.7%), and 3. platelet resistance to ASA or clopidogrel was not
more frequent in patients with stent thrombosis during follow-up. A
strength of our study is that platelet activity itself instead of surrogate

markers of platelet activation (e.g. vasodilator-stimulated phosphoprotein
expression on platelet membranes) or genetic cytochrome P polymorph-
isms was measured. Our findings agree with the reports of Sibbing et al.
[6] and Siller-Matula et al. [7]. They demonstrated that negative
clopidogrel-PPI interactions might not be a PPI class effect, but are rather
due to single substances, especially to omeprazole. Our results, however,
are in contrast to other reports [8–10]. For example, O'Donoghue et al. [9]
showed an increased risk of recurrent AMI within 1 year after stent
implantation for pantoprazole treated patients.

In conclusion, given the lowprevalence of clopidogrel andASA low- or
non-responders in our everyday AMI patient population routine platelet
function testing does not seem to be necessary despite concomitant
pantoprazole treatment. The observed lack of an association of platelet
activity measurements with stent thrombosis during follow-up confirms
that high on-treatment platelet activity is only one among several risk
factors for the development of stent thrombosis.

The authors of this manuscript have certified that they comply with
the Principles of Ethical Publishing in the International Journal of
Cardiology.
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Fig. 2. Clopidogrel effect on day two of CCU-stay in patients with and without subsequent
stent thrombosis during follow-up.Results of patients with stent thrombosis are given as
open squares.Method: ADPtest®, Multiplate® (Dynabyte, Munich, Germany); Results are
given in arbitrary units [U], normal range 53–122 U.
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