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a b s t r a c t

Aim: High on-treatment platelet reactivity (HPR) after Acetylsalicylic acid (ASA) and/or

Clopidogrel was identified by four different platelet function assays in high risk acute

myocardial infarction patients. Correlation among the methods was examined and vari-

ability in the measurement of each platelet function assay was evaluated.

Methods: Each of the 53 patients was sampled twice for LTA, PFA-100/200, Multiplate®, and

VerifyNow®platelet function assays in the range of 3–5 days after a myocardial infarction. Non-

parametric correlation and linear regression were used to assess the variability in the data.

Results: All HPR platelet function assays for Clopidogrel are significantly correlated, howev-

er, the correlation values are only moderate. The correlation among the four assays for ASA

is generally low and insignificant. Low reproducibility of HPR measurements and no

significant correlation between Troponin I value and HPR were observed, both for ASA

and Clopidogrel. No significant correlation between the type of acute coronary syndrome

and HPR was observed, both for ASA and Clopidogrel.

Conclusion: At least two methods to identify HPR are recommended. The average of at least

two measurements is recommended for any assay.

# 2015 The Czech Society of Cardiology. Published by Elsevier Sp. z o.o. All rights

reserved.
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Abbreviation: ACS, acute coronary syndrome; ADP, adenosine diphosphate; APTT, activated partial thromboplastin time; ASA, Acet-

ylsalicylic acid; AUC, area under curve; CABG, a history of cardiovascular surgery; DAPT, dual antiplatelet therapy; DM, diabetes mellitus;
HPR, high on-treatment platelet reactivity; LMWH, low molecular weight heparin; LTA, Light Transmittance Aggregometry; NSTEMI, non-
ST-segment elevation acute coronary syndrome; PCI, percutaneous coronary intervention; POCT, point of care testing; SIRS, systemic
inflammatory response syndrome; STEMI, ST-segment elevation acute coronary syndrome; TnI, Troponin I; UFH, unfractionated heparine;
vWF, von Willebrand factor.
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Introduction

The dual antiplatelet therapy (DAPT) is crucial for pharmaco-
logical treatment after PCI (percutaneous coronary interven-
tion). The main reason for DAPT is to reduce the occurrence of
thrombotic events. Acetylsalicylic acid (ASA) and Clopidogrel
are substances with proven clinical efficacy: ASA reduces the
risk of ischemic vascular events in the primary prevention by
20–25% [1], in the secondary prevention by up to 40% [2].
Clopidogrel can reduce the relative risk of vascular complica-
tions by 8.7% [3] compared to ASA.

There is no doubt that the dual antiplatelet therapy is the
cornerstone of treatment after a PCI. However, its efficacy may
differ from patient to patient. This variability might be caused
by high on-treatment platelet reactivity (HPR), in other words,
lower platelet inhibition. The most appropriate definition of
HPR was given by Hankey in 2004 [4]. HPR can be tested by
platelet function assays. There are a lot of unanswered
questions related to this topic: Does HPR predict ischemic
episodes? Which platelet function assay should be used? Do
the results of different assays correlate well? Are we able to
tailor the treatment according to the HPR status?

Clopidogrel resistance is presumably multifactorial [5,6].
Clopidogrel is a prodrug with two-step activation to the active
form, with dependence on the cytochrome P-450 polymor-
phism. The prevalence of HPR is between 5 and 40% [5,6]. The
variability of the ASA treatment response has also been
observed but its relation to thrombotic events has not been
fully explained [7].

The aim of this analysis is to assess the agreement among
various platelet function assays for ASA and Clopidogrel HPR,
and to examine the reproducibility of each of the assays.
Further, the possible dependence is examined of the HPR status
and the Troponin I level and the type of myocardial infarction
(ST-elevation or non-ST-elevation). At the site of vascular
damage, many matrix proteins (e.g. von Willebrand factor and
collagen) are exposed to the blood which leads to platelet
activation [8]. It can be assumed that the larger the area of the
myocardium is damaged, the greater number of platelets are
involved, which may hinder their effective inhibition.

The following four assays were examined: Light Transmit-
tance Aggregometry (LTA), the PFA-100/200 system, Verify-
Now® and the Multiplate® impedance aggregometry. All these
assays are used in clinical practice and clinical trials [5]. The
Methods section contains more details about the four assays.

This paper presents a subanalysis of the REACT-MI trial
(the design of REACT-MI is available at: clinicaltrials.gov
NCT01381185).

Methods

Study population

The study cohort consists of 53 patients with acute coronary
syndrome (ACS) who were admitted to the Coronary Unit of
the Cardiovascular Department, University Hospital in Ostrava
(STEMI in 59%). From the 478 STEMI and 518 NSTEMI patients
treated between 2011 and 2014 at our institution. The most

frequent reason for exclusion from the cohort of screened
patients was de novo myocardial infarction (without ASA in
the previous medication) and pre-treatment with novel
antiplatelet agents.

Only 65 patients fulfilled the demanding inclusion criteria
of the REACT-MI trial (see the details at clinicaltrials.gov
NCT01381185). In order to avoid any interference with the
platelet function assays, strict exclusion criteria were applied
in terms of the hematocrit levels (<0.25 and >0.55), anemia
(<80 g/l), polyglobulia (>160 g/l), SIRS, renal insufficiency, etc.
Five of the patients did not sign the informed consent (otherwise
complying with the inclusion criteria), two were lost to follow-
up, and in one patient a violation of the study protocol occurred.
In several patients, various problems with blood sampling and
aggregation measurement occurred. Due to the amount of blood
sampling, some patients refused to be sampled for the second
time. For more details about the number of assays performed,
see the descriptive statistics in the Results section. Each of the
patients underwent PCI in 24 h after admission. The acute
coronary syndrome occurred although the patients had taken
ASA, Clopidogrel or both of them, i.e. the patients were in the
secondary prevention, a high-risk population. If a patient had
not taken Clopidogrel before the admission, a loading dose of
600 mg was administered. According to the study protocol, the
dose of ASA (or Clopidogrel or both) was doubled (200 mg of
Aspirin and 75 mg of Clopidogrel bid) if HPR to ASA (or
Clopidogrel or both) was found by at least two platelet function
assays. The descriptive statistics of the study cohort are
summarized in Table 1. See the list of abbreviations.

Blood sampling

On the second day after PCI (LMWH/UFH discontinued for 12 h)
and then on the third to fifth day after PCI, five tubes of blood
were taken from each patient:

1. a tube with Na-citrate 3.2% (Quick, APTT, Fibrinogen, von
Willebrand factor, Light Transmittance Aggregometry),

2. a tube with 3.8% buffered citrate for PFA analysis according
to the manufacturer's protocol (PFA-100®; Siemens Health-
care Diagnostics Products GmbH, Marburg, Germany),

3. a greiner tube for VerifyNow® analysis (Accumetrics, San
Diego, CA),

Table 1 – The study cohort characteristics given as
mean W standard deviation, or percentage. See the list of
abbreviations.

Age 66 � 11.29
Height 171 � 7.32
Weight 82.38 � 13.94
BMI 29.04 � 4.09
Waist circumference 90.45 � 14.17
Male sex 75%
STE-MI 59%
Hypertension 92%
Dyslipidemia 67%
DM 51%
CABG 15%
Heart failure 51%
Smokers 35%
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