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Aspirin resistance in patients with acute coronary events:
Risk factors and prevalence as determined by
whole blood multiple electrode aggregometry

O. Ibrahim’, O. Maskon?, Noor Darinah?,
A. A. Raymond*, M. M. Rahman®

ABSTRACT

Objectives: To determine the prevalence of aspirin resistance and associated risk factors based on
biochemical parameters using whole blood multiple electrode aggregometry.

Methods: The study was conducted at the outpatients cardiology clinic of the Universiti Kebangsaan
Malaysia Medical Centre (UKMMC) from August 2011 to February 2012. Subjects on aspirin therapy were
divided into two groups; first-ever coronary event and recurrent coronary event. Aspirin resistance was
measured by a Multiplate® platelet analyser.

Results: A total of 74 patients (63 male, 11 female), with a mean age of 57.93 + 74.1years were enrolled in
the study. The patients were divided into two groups -first-ever coronary event group (n=52) and recurrent
coronary event group (n=22). Aspirin resistance was observed in 12 out of 74 (16%) of the study patients,
which consisted of 11 patients from the first-ever coronary event group and one patient from the recurrent
coronary event group. There were significant correlations between aspirin resistance and age (r = -0.627; p
= 0.029), total cholesterol (r = 0.608; p = 0.036) and LDL (r = 0.694; p = 0.012). LDL was the main predictor
for area under the curve (AUC) for aspirin resistance. However, there was no association between aspirin
resistance and cardiovascular events in both groups in this study.

Conclusions: Aspirin resistance was observed in 16% of the study population. LDL was the major predictor
of aspirin resistance. No association was found in the study between aspirin resistance with recurrent
coronary events.
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In this study, platelet function analysis was
performed using the Multiplate® platelet analyser
(Dynabyte, Munich, Germany), a novel whole
blood impedance aggregometer. It is one of the
most widely applied platelet aggregometers in
Europe. It has been used to study the effects of
aspirin,®® non-opioid analgesics,” clopidogrel,®’
andanticoagulants’® on platelet aggregation. We
have previously evaluated clopidogrel and aspirin
resistance in different groups of patients with
coronary events."! However, studies comparing
aspirin resistance in patients with the first-ever
coronary and recurrent coronary events are scanty.

Therefore, the present study was undertaken to
determine the prevalence of aspirin resistance in
patients with first-ever vs. recurrent coronary events
and its associated risk factors based on biochemical
parameters using whole blood multiple electrode
aggregometry.

METHODS

Patient population: This study was conducted at
the Universiti Kebangsaan Malaysia Medical Centre
(UKMMC) between August 2011 and February
2012. The research was approved by the Ethics
Committee of the UKMMC (FF-244-2011).
Definition of groups used in the study:
1. First-ever coronary event group; patients on
aspirin who had their first-ever coronary event.
2. Recurrent coronary event group; patients
on aspirin—who had had previous coronary
artery disease (CAD) and at least one previous
coronary event.

All patients aged 18 to 65 years diagnosed with
stable coronary artery disease (CAD) who were on
Aspirin (ASA) 150mg daily, and who had either their
first ever or recurrent coronary event were included
in this study. These patients were followed up for a
period of six months. Patients who had ASA allergy
or could not tolerate it due to gastric disease such as
peptic ulcer disease (PUD), were excluded from the
study.

Patient assessment and blood sample collection:
Informed consent was obtained from the patients
before taking a full history and performing the
physical examination. Blood was withdrawn for
platelet aggregation evaluation using a Multiplate®
platelet analyzer. Blood was also sent for full blood
count(FBC), renal profile (RP), HbAlc and lipid
profile.

Method of performing the test using Multiplate®
platelet analyzer: The test was performed as per
method described by Ibrahim et al."! Briefly after
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positioning and connecting the test cells;300ul of
the saline and 300ul of whole blood sample (hiru-
dinised) was pipetted into each cell. Results took
six minutes to be ready and the aggregation results
were shown in AU units, velocity and area under
the curve (AUC). We used a cut of value of > 300
AUC'min as set by themanufacturer> ' to establish
the presence of aspirin resistance.

Statistical analysis: Data were analyzed using the
SPSS version 15.0 statistical package. Quantitative
and qualitative demographic characteristics were
summarized and data were tabulated and tested
for normality with the Shapiro-Wilk test because
the sample was below 100. All statistical tests were
carried out at a significant level of p value < 0.05.
Data were expressed as mean +/- standard devia-
tion (SD), median (95%Cl) and inter-quartile range
(IQR) or proportion or percentage for all data.

RESULTS

Patients” demography: Seventy four patients were
recruited from the coronary care unit and medical
wards in which fifty two patients fell under the first-
ever coronary event group and twenty two under
the recurrent coronary event group.The patients
had the following demographic and clinical features
(Table-I).

Table-I: Demographic and clinical
characteristics of the patients

Recurrent P value
coronary event

group (n=22)

First-ever
coronary event
group (n=52)

Characteristic

Mean-age-Years 57.04+7.49° 59.59 * 6.45° NS
Male sex-no (%) 47 (90%) 16 (73%) NS
BMI (kg/m?2) 28.11+5.01*  25.39 +£6.33° NS
SBP 133.50 (24.25)* 129.50 (18.75)> NS
DBP 77.50 (15.00)>  75.00 (24.25)° NS
DM-no (%) 26 (50%) 7 (32%) NS
Active 9 (17%) 2 (9%) NS
Smoker-no (%)

Previous CAD(n) 52 22

Unstable angina 14 (27%) 5 (23%) NS
NSTEMI 16 (31%) 13 (59%) NS
STEMI 22 (42%) 4 (18%) NS
Duration on 5.00 (7.0 )® 7.00 (6.5)° NS

aspirin (year)
a = Mean t (SD; standard deviation); b = Median (IQR;
interquartile range) SBP,Systolic Blood Pressure; n= Number
DBP, Diastolic Blood Pressure; BMI= Body Mass Index, DM
(Diabetes Mellitus), NSTEMI (non-ST elevation myocardial
infarct), STEMI (ST elevation myocardial infarct) NS= Not
Significant.

Aspirin resistance was found in 12 out of 74
patients (16%), from the first-ever coronary event

group and one from the recurrent event group. The




Table-II:AUC, Aggregation and Velocity results of
the “First-EverCoronary Event” Group and
“Recurrence Coronary Event” Group

Aspirin resistance in patients with acute coronary events

Table-III: Biochemical markers of the “First-Ever
Coronary Event” Group and “Recurrence

s

Coronary Event”” Group

Recurrent
Coronary event
group (n=22)

First-ever
Coronary event
group (n=52)

Parameter p value

Multiplate® platelet analyzer result
AUC (AU*min) 197.15£310.32* 146.27+183.48" 0.385

Aggregation  37.74%53.87°  29.62#30.05 0.412
(AU)

Velocity 6.28+6.82* 6.404831°  0.955
(AU/Min)

a =Mean * SD (standard deviation)
b = Median (IQR; interquartile range)

results for AUC, aggregation and velocity were not
significantly different between both study groups
(Table-II).

Aspirin resistant patients had significantly higher
levels of total cholesterol and LDL compared
to aspirin responsive patients (p=0.021 and
0.027,respectively) (Table-111). No other significant
differences between the two groups were observed.

Using the Spearman Correlation Test, there was
negative correlation between age and area under
curve (AUC) of biochemical aspirin resistance (r =
- 0.627; p = 0.029). Total cholesterol and low-densi-
ty lipoprotein (LDL) had positive correlation with
AUC of aspirin resistance (r=0.608; p = 0.036 and r
= 0.694; p = 0.012, respectively).

There was no association between biochemical
aspirin resistance and cardiovascular events
(Table IV).

DISCUSSION

In this prospective study we determined the
prevalence of, and risk factors for aspirin resistance
in patients who had a first-ever coronary event
versus those who had a recurrent coronary event,
and who were given standard dose aspirin (150mg
daily).

The mean age of our study population was
57.93 years and the male gender constituted 90%
and 73% of the patients in the first and second
groups, respectively. The mean blood pressure in
both groups was within the normal range. In this
study,the prevalence of aspirin resistance was 16%
as determined by the Multiplate® platelet analyzer.
Previous studies'*!* showed that the prevalence of
aspirin resistance varied between 0.4%' and 56.8 %"
in patients with adverse recurrent cardiovascular
events. The variations might be due to the different
methods used by the researchers for the evaluation.
Thus, until now it is still unclear which parameters

Characteristic First-ever Recurrent P value
coronary event coronary event
group (n=52)  group (n=22)
Full blood count
Haemoglobin 12.63+1.33* 13.99+1.81*  0.031
(g/dL)
Total White Cell 8.54+2.22°  8.16+2.81° NS
Count(x109/L)
Platelet (x109/L) 279.50 (117.00)°229.50(75.50)* 0.049
Lipid profile
Total Cholesterol) 529 (1.54)>  4.41 (1.59)* 0.021
(mmol/L
TG (mmol/L) 1.60 (0.60)° 1.22 (0.90)* NS
LDL (mmol/L) 3.74 (1.77)°  2.66 (1.41)> 0.027
HDL (mmol/L) 1.04 (0.78)°  1.21(0.80)> NS

Renal profile

Sodium (mmol/L)139.00 3.50)° 139.00(3.00)> NS

Potassium 4.35 (0.65)° 4.30(0.50)> NS
(mmol/L)

Urea (mmol/L) 4.50 (1.55)> 5.20 (1.95)° NS

Creatinine 82.50 (29.25)> 92.00(33.50)* NS
(umol/L)

Creatinine 82.00 (29.00)°  72.00 (27.00)> NS
Clearance (mL/min/1.73m?)

HbAlc (%) 6.50 (2.98)° 5.95 (1.53)* NS

Fasting Blood 6.20(4.28)° 6.00(2.63)> NS
Glucose(mmol /L)

are the most accurate in estimating aspirin
resistance.

Among the 12 patients with aspirin resistance,
LDL was found to be the main predictor for AUC
and had a positive correlation with aspirin resistance
as well as total cholesterol values while ‘age” had
negative correlation in the twelve patients with
biochemical aspirin resistance. We can conclude
that the risk factors for aspirin resistance in these
12 patients could be due to high LDL and total
cholesterol.Other studies reported that high LDL'*
was due to reduced response of platelets towards

Table-IV: Contingency table of biochemical markers
in aspirin responsive study population (n=74).

Biochemical  First-ever Recurrent Chi-
Group coronary event coronary event  Square
group (n=52) group (n=22) test*
Aspirin 41 (55%) 21 (29%) X?=2.634
responsive and
Aspirin 11 (15%) 1(1%) p=0.105
resistance

*There was no association between aspirin responsive
or aspirin resistance with groups of first-ever coronary
event or recurrentcoronary event.
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aspirin. The significance of the negative correlation
between age and aspirin resistance in the study
patients with biochemical aspirin resistance has not
been reported before. Previous study reported that
there was a trend toward aspirin resistance with
increasing age.

Our study did not demonstrate any association
between aspirin resistance and other risk factors
such as body mass index (BMI), blood pressure,
full blood count, renal profile, HDL, triglyceride
and creatinine clearance. This finding might be
due to the limited number of sample size and short
duration of study

In this study, there was no association between
either aspirin responsiveness or aspirin resistance
with the first-ever coronary event or recurrent cor-
onary event. This is in keeping with two previous
prospective studies reported by Christiaens et al.’®%
but not witha few other studies*** The differences
in study duration and sample size between these
studies may contribute to the differences in study
outcome.

ACKNOWLEDMENT

Authors express their sincere thanks to the Dean
of the Faculty of Medicine, UKM and Director of the
UKMMC for allowing us to publish this manuscript.
This study was supported by a research grant from
the Faculty of Medicine, UKM (FF-244-2011).

REFERENCES

1. Anon. Collaborative overview of randomised trials of
antiplatelet therapy--I: Prevention of death, myocardial
infarction, and stroke by prolonged antiplatelet therapy
in various categories of patients. AntiplateletTrialists’
Collaboration. BM]J. 1994;308(6921):81-106.

2. Gum PA, Kottke-Marchant K, Welsh PA, White J,
Topol EJ. A prospective, blinded determination of
the natural history of aspirin resistance among stable
patients with cardiovascular disease. ] Am CollCardiol
2003;41(6):961-965.

3. Sanderson S, Emery J, Baglin T, Kinmonth AL. Narrative
review: aspirin resistance and its clinical implications. Ann
Intern Med. 2005;142(5):370-380.

4. Krasopoulos G, Brister SJ, Beattie WS, Buchanan MR. Aspirin
“resistance” and risk of cardiovascular morbidity: systematic
review and meta-analysis. BMJ. 2008;336(7637):195-198.

5. von Pape KW, Dzijan-Horn M, Bohner ], Spannagl M,
Weisser H, Calatzis A. Control of aspirin effect in chronic
cardiovascular patients using two whole blood platelet
function assays. PFA-100 and Multiplate. Hamostaseologie.
2007;27(3):155-160; quiz 61-2.

6. Rahe-Meyer N, Winterhalter M, Hartmann ], Pattison
A, Hecker H, Calatzis A, et al. An evaluation of
cyclooxygenase-1 inhibition before coronary artery surgery:
aggregometry versus patient self-reporting. AnesthAnalg.
2008;107(6):1791-1797.

1322 Pak JMed Sci 2013 Vol.29 No.6  www.pjms.com.pk

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Jambor C, Weber CF, Lau A, Spannagl M, Zwissler B.
Multiple electrode aggregometry for ex-vivo detection
of the anti-platelet effect of non-opioid analgesic drugs.
ThrombHaemost. 2009;101(1):207-209.

Sibbing D, Braun S, Jawansky S, Vogt W, Mehilli ], Schomig
A, et al. Assessment of ADP-induced platelet aggregation
with light transmission aggregometry and multiple
electrode platelet aggregometry before and after clopidogrel
treatment. ThrombHaemost. 2008;99(1):121-126.
Velik-Salchner C, Maier S, Innerhofer P,Streif W, Klingler
A, Kolbitsch C, et al. Point-of-care whole blood impedance
aggregometry  versus classical light transmission
aggregometry for detecting aspirin and clopidogrel: the
results of a pilot study. AnesthAnalg. 2008;107(6):1798-1806.
Sibbing D, Busch G, Braun S,Sibbing D, Busch G, Braun
SN, et al. Impact of bivalirudin or unfractionated heparin
on platelet aggregation in patients pretreated with 600 mg
clopidogrel undergoing elective percutaneous coronary
intervention. Eur Heart J. 2008;29(12):1504-1509.

Ibrahim O, Oteh M, A Syukur A, Che Hassan HH, S Fadilah
W, Rahman MM.Evaluation of Aspirin and Clopidogrel
resistance in patients with Acute Coronary Syndrome by
using Adenosine Diposphate Test and Aspirin Test. Pak ]
Med Sci. 2013;29(1):97-102.

Jambor C, Weber CF, Gerhardt K, Dietrich W, Spannagl
M, Heindl B, et al. Whole blood multiple electrode
aggregometry is a reliable point-of-care test of
aspirin-induced platelet dysfunction. AnesthAnalg.
2009;109(1):25-31.

Gum PA, Kottke-Marchant K, Poggio ED, Gum H, Welsh
PA, Brook L, et al. Profile and prevalence of aspirin
resistance in patients with cardiovascular disease. Am ]
Cardiol. 2001;88(3):230-235.

Tarjan J, Salamon A, Jager R, Poor F, Barczi V, Dinnyes ], et
al. The rate of acetylsalicylic acid non-respondents among
patients hospitalized for acute coronary disease, previously
undergoing secondary salicylic acid prophylaxis. Orv Hetil.
1999;140(42):2339-2343.

Helgason CM, Bolin KM, Hoff JA, Winkler SR, Mangat
A, Tortorice KL, et al. Development of aspirin resistance
in persons with previous ischemic stroke. Stroke.
1994;25(12):2331-2336.

Tantry US, Bliden KP, Gurbel PA. Overestimation of platelet
aspirin resistance detection by thrombelastograph platelet
mapping and validation by conventional aggregometry
using arachidonic acid stimulation. ] Am CollCardiol.
2005;46:1705-1709.

Mueller MR, Salat A, Stangl P,Murabito M, Pulaki S, Boehm
D, et al. Variable platelet response to low-dose ASA and the
risk of limb deterioration in patients submitted to peripheral
arterial angioplasty. ThrombHaemost. 1997;78(3):1003-1007.
Friend M, Vucenik I, Miller M. Research pointers: Platelet
responsiveness to aspirin in patients with hyperlipidaemia.
BMJ. 2003;326(7380):82-83.

Akoglu H, Agbaht K, Piskinpasa S, Falay MY, Dede F, Ozet
G, et al. High frequency of aspirin resistance in patients
with nephrotic syndrome. Nephrol Dial Transplant.
2012;27(4):1460-1466.

Christiaens L, Ragot S, Mergy ], Allal J, Macchi L. Major
clinical vascular events and aspirin-resistance status as
determined by the PFA-100 method among patients with
stable coronary artery disease: a prospective study. Blood
CoagulFibrinolysis. 2008;19(3):235-239.



