Clopidogrel non-responsiveness in patients

undergoing percutaneous coronary intervention using
the VerifyNow test: frequency and predictors
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ABSTRACT

Objectives Stent thrombosis and death after
percutaneous coronary intervention (PCl) can be caused by
a phenomenon known as clopidogrel non-responsiveness
which has been shown to occur in approximately
5%—-44% of patients. We investigated the responsiveness
of clopidogrel in an Iraqi series of cases. Our aim was to
determine for the first time the frequency and predictors of
clopidogrel non-responsiveness among Iragi patients with
ischaemic heart disease undergoing PCl.

Methods The study was conducted at the Cardiac
Catheterization Center, Baghdad Teaching Hospital,
Medical City, from January to May 2014, and included
patients who presented for PCI. A platelet aggregation
test was performed for those patients using the
VerifyNow system.

Results A total of 115 patients (mean age:
58.3+10.1 years; male sex: 73.9%) were included

in the study. 18.3% of the study population were
clopidogrel non-responders, which was comparable
with the results of a Chinese study (20.28%, P=0.796)
but contrasted with other reports from Jordan, Brazil
and Thailand. The major independent predictive factor
for non-responsiveness in our report was diabetes
mellitus (OR 5.96, 95% Cl 2.23 to 13.71; P=0.001),
followed by hypertension (OR 4.135, P=0.035),
obesity (OR 3.44, P=0.037) and male sex (OR 3.039,
P=0.045). Previous use of clopidogrel (OR 0.17,
P=0.02) and younger age (OR 0.72, P=0.026) were
identified as protective factors.

Conclusions In this study, 18.3% of patients

were non-responders to clopidogrel and the major
independent predictive factors for non-responsiveness
were diabetes mellitus, hypertension, obesity and male
sex.

INTRODUCTION

Dual antiplatelet therapy, including aspirin
given with a thienopyridine inhibitor such as clopi-
dogrel, is the standard treatment for preventing
stent thrombosis in patients undergoing percuta-
neous coronary intervention (PCI).' Coronary
stent thrombosis is rare but is one of the most
serious complications following PCL*™* Clopi-
dogrel antagonises the ADP receptor that acts on
the purinergic receptors, including P2Y12, which
are responsible for the prolonged activation and
aggregation of platelets. ADP has a significant role
in arterial thrombosis and stent thrombosis.’™
Despite receiving dual antiplatelet therapy, some
patients still experience stent thrombosis due to
clopidogrel non-responsiveness, which occurs in

approximately 59%-44% of patients." * Platelet
activity after the administration of clopidogrel can
be measured using one of the platelet aggregation
tests." Although these tests are not recommended
for routine use, they are sometimes considered in
patients at high risk for poor clinical outcomes after
PCI, such those with unprotected left main stem
PCI involving bifurcation."

The VerifyNow test is used to assess the patient’s
platelet reactivity to antiplatelet medications such
as aspirin, clopidogrel and GP IIb/Illa inhibitors. It
is automated and standardised, is rapid, simple and
accurate, and does not require skilled personnel.*

We investigated the responsiveness of clopidogrel
in an Iraqi series of patients using the VerifyNow
test. To our knowledge, this is the first report to
assess Iraqi patients in this regard.

METHODS

Study design and patients

We conducted a prospective single-centre study of
patients with ischaemic heart disease (IHD) who
presented for PCI to the Cardiac Catheterization
Center of Baghdad Teaching Hospital, Medical
City, between January and May 2014.

All patients were given clopidogrel (600 mg) and
aspirin (300mg) orally. The clopidogrel loading
dose was administered under the supervision of
specialised nurses at the centre and double-checked
by the clinical pharmacy resident to ensure proper
administration before PCI was performed. In addi-
tion, all patients underwent a complete blood count
and renal function test.

Patients were excluded from the study if they
had a clopidogrel and/or aspirin contraindica-
tion, had received IIb/Illa inhibitor within 10 days
before the study, or had a haematological disorder
(eg, polycythemia vera, thrombocytopenia).

The study was approved by the Research Ethics
Committee of the Iraqi Board for Medical Special-
izations, and performed in accordance with the
ethical standards of the Declaration of Helsinki. In
addition, all patients signed an informed consent
form before participating in the study.

The VerifyNow system

The VerifyNow system (Accumetrics, San Diego,
CA, USA; serial no. 5774) was used to measure
responsiveness to clopidogrel. The results were
reported in P2Y12 reaction units (PRU). Cardiolo-
gists performed PCI in responders (ie, PRU <208).
However, the cardiologist either postponed the
procedure or immediately administered a 60mg
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loading dose of prasugrel (based on age, weight and history
of transient ischaemic attack) to patients with PRU >208 (ie,
non-responders). Following prasugrel administration, PCI was
performed after 30 min to 2 hours using a drug-eluting stent.

Blood sample collection

Blood was drawn from the antecubital vein of each patient for the
VerifyNow P2Y12 assay before PCI using 21-gauge needles and
two collecting tubes. The first vacuum tube containing 5 mL
of collected blood was discarded; this blood was not used for
the platelet function test to avoid unwanted platelet activation.
Blood was collected for testing in a second 2mL vacutainer
tube containing 3.2% sodium citrate. This tube was then gently
inverted at least five times to completely mix the contents. The
tube was left for 10min to 4hours before being used in the
device."!

Statistical analysis

Patient data were analysed using the Statistical Package for Social
Sciences (SPSS), version 22 (IBM, USA). Body mass index was
estimated using the Du Bois equation.'? The estimated glomer-
ular filtration rate was estimated using the Modification of Diet
in Renal Disease study equation.’® Descriptive statistics are
presented as the mean, SD, frequencies (number) and propor-
tions (%). The y* and Fisher’s exact test were used alternately
to compare frequencies when applied to estimate the relation-
ship between categorical variables. Student’s t-test was used to
compare the means between two continuous variables (haema-
tological and biochemical). The multiple logistic regression
(binary) test was used to assess the significance of the association
between non-responsiveness and potential predictors. The level
of significance was set at P<0.05.

RESULTS

Overall, 120 patients were initially included in the study. Five
of these patients were excluded: one was diagnosed with poly-
cythemia vera during investigation before PCI, one had throm-
bocytopenia, one underwent peripheral angiography, and two
refused the platelet aggregation responsiveness test. Thus, 115
patients were enrolled. The descriptive statistics and results of
the univariate analysis are shown in table 1. Patients were cate-
gorised into two groups using a PRU of 208 as the cut-off point:
21 patients (18.3%) had a PRU >208and the remaining 94
(81.7%) had a PRU <208.

The results of the multiple regression analysis are shown
in table 2. Diabetes (OR=5.96, P<0.001), hypertension
(OR=4.14, P=0.035), obesity (OR=3.44, P=0.037) and male
sex (OR=3.03, P=0.045) were associated with a higher risk of
patient non-responsiveness to clopidogrel. However, younger
age (OR=0.72, P=0.026) and previous use of clopidogrel
(OR=0.17, P=0.021) were associated with a lower risk of
non-responsiveness. On the other hand, previous use of clopi-
dogrel and younger age were protective factors after adjustment
for other variables. Other factors, including smoking, previous
IHD, previous PCI, statin use, type of statin used, and estimated
glomerular filtration rate showed no significant association with
non-responsiveness.

DISCUSSION

Clopidogrel non-responsiveness is a matter of concern world-
wide. To the best of our knowledge, this study is the first in Iraq
to determine the rate of and predictive factors for clopidogrel
non-responsiveness among patients with IHD. Using the Veri-
fyNow test, we estimated that the rate of non-responsiveness
was 18.3% among our patients after they had received a loading
dose of clopidogrel and before they underwent PCIL.

Table 1 Patient characteristics and univariate analysis results
Clinical demographic characteristics All patients, n (%) Non-responders (PRU >208; n=21), % Responders (PRU <208; n=94), % P value
Age, years (mean+SD) 58.3+10.1 59.6+8.2 58.0+10.5 0.43
Men 85 (73.9) 57.1 71.7 0.061
BMI (kg/m?) 29.6+5.8 31.8+6.1 29.1+5.6 0.03
eGFR (mL/min/1.73m?) 1.02+0.51 0.88+0.24 0.071
Haemoglobin (g/dL) 12.28+2.17 14.33+1.95 <0.001
HTN 69 (60.0) 57.1 60.6 0.81
Diabetes 48 (41.7) 1.4 35.1 0.003
Smoking 24 (20.9) 19 21.3 0.92
Previous IHD 47 (40.9) 333 42.6 0.59
Previous PCl 28 (24.3) 0 29.8 0.003
Medications used
Aspirin 101 (87.8) 85.7 88.3 0.72
Clopidogrel 88 (76.5) 52.4 81.9 0.008
Beta-blocker 84 (73.0) 76.2 72.3 0.8
ACEI/ARB 58 (50.4) 52.4 50 1
Statin 101 (87.8) 7.4 91.5 0.021
Atorvastatin 66 (57.4) 429 60.6 0.01
Rosuvastatin 31(27.0) 23.8 27.7 0.05
Fluvastatin 2(1.7) 4.8 1.1 0.84
Simvastatin 2(1.7) 0 2.1 0.24
PPI 12 (10.4) 9.5 10.6 0.62
Insulin 10 (8.7) 9.5 85 0.58

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; eGFR, estimated glomerular filtration rate; HTN, hypertension; IHD,
ischaemic heart disease; PCl, percutaneous coronary intervention; PPI, proton pump inhibitor; PRU, P2Y12 reaction unit.
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Table 2 Results of the multiple logistic regression test for patient non-responsiveness to clopidogrel (PRU >208)

Adjusted OR

Estimate SE Wald OR 95%Cl P value
Age -0.07 0.03 3.81 0.72 0.63 t0 0.98 0.026
Male sex 1.112 0.65 2.89 3.039 0.8510 10.93 0.045
Obesity 1.23 0.69 3.13 3.44 1.92107.83 0.037
DM 1.785 0.64 7.66 5.96 2.23t013.71 0.001
HTN 1.42 0.67 4.42 4.135 1.10 t0 15.53 0.035
Clopidogrel 1.78 0.77 5.33 0.17 0.45109.43 0.021

DM, diabetes mellitus; HTN, hypertension; PRU, P2Y12 reaction unit.

The prevalence of intermediate or poor metabolism of clopi-
dogrel with the resultant non-responsiveness, seems to be higher
in Asian populations due to genetic polymorphisms associated
with clopidogrel resistance. A low incidence of approximately
3% has been found in Caucasian populations, while rates
varying from 18%-23% up to nearly 70% have been reported
in Asian communities. This might be related to the common
genetic variants of the hepatic enzyme responsible for clopido-
grel metabolism (CYP2C19) in Asian populations.'*™¢ The rate
of clopidogrel non-responsiveness in our study was similar to
previous findings, and comparable with that seen among Chinese
subjects (20.28%, P=0.796)."7 On the other hand, Al-Azzam
et al reported a significantly higher incidence of clopidogrel
non-responsiveness among Jordanian subjects compared with
our patients (32%, P=0.006).'®* However, they used a test other
than the VerifyNow system to measure clopidogrel responsive-
ness, which might have affected their results.'*Compared with
our data, a significantly higher ratio of clopidogrel non-respon-
siveness was reported among Brazilian and Thai patients, with
incidences of 38.5% and 509, respectively (both P<0.001)." 2
In addition to genetic variability, multiple other factors can influ-
ence clopidogrel non-responsiveness, such as technical issues,
type of instrument used, or patient adherence to clopidogrel.'*

In this study, the major independent predictive factor for
clopidogrel non-responsiveness was diabetes mellitus. Our find-
ings agreed with results from China,'” Poland,*' Italy** and
America.”

There are several possible mechanisms for clopidogrel non-re-
sponsiveness in patients with diabetes, such as increasing platelet
turnover with increasing exposure to ADB' elevation of plasma
fibrinogen with a possible direct interaction with GP IIb/Illa on
the platelet surface leading to platelet aggregation, and decreased
clopidogrel responsiveness.”* In addition, increased production
of platelet agonists such as epinephrine and thrombin, promoted
platelet aggregation and activation of circulating platelets.?? **
However, no association between clopidogrel non-responsive-
ness and diabetes was reported by other studies.®** One of those
studies suggested that responsiveness depended on the ability
of insulin to suppress important regulatory proteins involved
in blood clotting, such as purinergic receptor P2Y G-protein
coupled 12 (P2Y12).'8

Other independent predictors in this study included hyperten-
sion, obesity and male sex. Park et al reported that hypertension
was also significantly associated with clopidogrel non-respon-
siveness in a Korean case series.?® In contrast, other studies have
shown no association between hypertension and clopidogrel
non-responsiveness,'® 2* which might be due to tight blood pres-
sure control as mentioned previously.'® Obesity was also signifi-
cantly associated with clopidogrel non-responsiveness in some
reports,'” 2! although no relationship was observed by Ahn ez
al.® The lack of an association between obesity and clopidogrel

non-responsiveness could be related to absence of the meta-
bolic syndrome, as shown by Kubica et al.*' Some studies
demonstrated that female sex was a predictive factor for clopi-
dogrel non-responsiveness.'® ** ¢ However, our study demon-
strated that male sex was an independent predictive factor for
non-responsiveness, but this might have been due to the higher
number of men enrolled in this study. Two protective factors
against clopidogrel non-responsiveness were found in this study:
prior use of clopidogrel as maintenance therapy, and young age.
Several studies, including the current report, have reported that
old age is a risk factor for non-responsiveness,’” 2 % 2¢ while
Al-Azzam et al found no significant relationship.'®

A low haemoglobin level was significantly associated with
clopidogrel non-responsiveness in the univariate analysis, which
result was different from the findings of a Korean study.® Statin
use of atorvastatin only was significantly associated with a lower
rate of clopidogrel non-responsiveness in the univariate analysis.
American and German studies showed that the lipophilic ator-
vastatin (CYP3A4 inhibitor) competitively inhibits the metab-
olism and activation of clopidogrel.”” ** However, a Swedish
study showed that atorvastatin did not attenuate the inhibitory
effect of clopidogrel, in contrast to rosuvastatin (non-CYP3A4
metabolised), but a dose-dependent aetiology could explain such
variation.”’

Notably, in our study smoking was not associated with clopi-
dogrel responsiveness as in several studies,”® ** * however,
the smoker’s paradox was observed by Wang et al'” and Park
et al.*® Genetic factors possibly play a role in the East Asian
paradox.*® Factors such as previous PCI, previous IHD and
disturbed renal function in our study were not associated with
clopidogrel non-responsiveness.

Limitations

The limitations of this study include the lack of clinical follow-up
for outcome and complications such as stent thrombosis or
subsequent myocardial infarction rates, in addition to the lack of
a genetic study for further evaluating clopidogrel non-responder
patients.

CONCLUSIONS

The rate of clopidogrel non-responsiveness in the current study
was 18.3% among Iraqi patients with IHD undergoing PCI.
Diabetes mellitus was the main independent predictive factor for
clopidogrel non-responsiveness. Hypertension, obesity and male
sex were other independent predictive factors. Previous use of
maintenance clopidogrel and younger age were protective factors
against clopidogrel non-responsiveness. It is essential that patients
with the above independent predictive variables are re-evaluated
regarding platelet function before undergoing PCL
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