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ABSTRACT

Objectives: Patients with atherosclerotic cardiovascular diseases (ASCVDs) are predisposed to atherothrombosis
and ischemic phenomena. Antiplatelets mitigate this but not consistently, as these ischemic events still occur
despite their administration. This is called antiplatelet resistance. We sought to see how much of this occurs in
our patients since its rate is bound to differ from place to place. The burden of antiplatelet resistance has not been
determined in our environment.

Material and Methods: Patients at risk of ASCVD who were receiving antiplatelet treatments were invited
to participate in this study. They were enrolled first into a two week wash out phase, after which baseline
aggregometry and full blood count were done. They were then given either Aspirin or Clopidogrel for four weeks
and had the same blood work-up repeated. The Aggregometer was used to determine the platelet aggregability
at these different times. If the second set showed >10% reduction from baseline, such patients were adjudged
sensitive. A reduction <10% of the first value defined resistance.

Results: Twenty patients (15 F/5 M) were in Group 1 and received a low dose of Aspirin (75 mg), the age range of
42-76 years, with a mean (standard deviation [SD]) of 60.75 (10.45). Twenty-six were in Group 2 (18 F/8 M) and
received low dose clopidogrel (75 mg), with an age range of 23-87 years and a mean (SD) of 58.08 (14.18). Fifteen
(75%) were sensitive in Group 1 (Aspirin) with 25% resistant. For Clopidogrel, 14 (53.85%) were sensitive and
12 (46.15%) resistant. In a few cases, the aggregability actually increased paradoxically on treatment.

Conclusion: Antiplatelet resistance also occurs in our environment; it is worse for Clopidogrel than for
Aspirin. These are people who, despite being on antiplatelets, would go on to develop these atherothrombotic
ischemic phenomena. Efforts to identify the predictors of this phenomenon of resistance and work out effective
counteractions should be encouraged.
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INTRODUCTION

In the face of atherosclerotic cardiovascular diseases (ASCVD), individuals are at risk of
atherothrombosis.!!! Atherosclerotic plaque disruption is usually involved in the initiation of
atherothrombotic events. Whether it is thrombotic occlusion or thrombosis progression that
heralds the critical events, platelet activation is the initiating step. The implication is that it is
the development of platelet-rich thrombi that triggers the acute ischemic phenomenon.® Stroke
ranks high in the causes of death and disability worldwide, with Aspirin as the most common
antiplatelet utilized for primary and secondary prevention of ASCVD.F! In general, not only
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Aspirin but other antiplatelets are key drugs in the treatment
of ASCVD," the former being the benchmark while
the others, like Clopidogrel, are considered alternatives,
especially when Aspirin is contraindicated or not tolerated.”’

Aspirin resistance is said to occur when, despite aspirin
treatment, patients go on to develop atherothrombotic
events.'® Resistance to Clopidogrel is also known to occur.”
Resistance to antiplatelets, to the knowledge of the authors,
has not been documented in native Africans living in sub-
Saharan Africa. Among Caucasians in South Africa, a
prevalence of 8% was documented in a study by Bernstein
et al®l There is bound to be a difference among blacks,
given the involvement of genetic polymorphism.” Since we
encounter, at times, patients who, despite being on antiplatelet
drugs, go on to develop ischemic phenomena, we decided to
explore the phenomenon in our patients at risk of ASCVD.

MATERIAL AND METHODS
Patient methods

Patients attending our Cardiology Clinic in Jos University
Teaching Hospital were approached to join the study if they
had risk factors for ASCVD such as hypertension, diabetes,
dyslipidemia, and overweight/obesity singly or in combination
and on antiplatelets. The procedure was explained to them,
and they signed an informed consent form. The protocol was
approved by the hospital Research and Ethics Committee, and
the study adhered to the tenets of the Helsinki Protocol. Patients
were grouped into two based on the antiplatelet they were
previously on. They were then asked to discontinue whichever
antiplatelet they were on and undergo a two week washout.
Blood was then taken after washout for baseline aggregometry.
After four weeks on either drug, blood was taken again for a
repeat aggregometry. Group 1 was given a vasoprin brand
of Aspirin 75 mg (Juhel Pharmaceuticals, Enugu, Nigeria)
to be taken once daily after dinner, while Group 2 received a
plagerine brand of Clopidogrel 75 mg (Micro Labs Limited. 92,
SIPCOT, HOSUR - 635 126 India) also to be taken once daily
after dinner. It was proposed that each group would include
35 patients each, but for operational reasons, we were only
able to recruit 29 patients into Group 1 and 33 into Group 2.
Subjects for optical platelet aggregation tests were resting,
fasting, and non-smoking. Subjects were told to avoid taking
any prescription or over-the-counter medications known to
affect platelet function for ten days to 2 weeks before the test.

Laboratory methods
Specimen collection (blood sample collection)

Each participant’s arm was inspected, and an appropriate
venipuncture site was selected. They were made to rest for
45 min before phlebotomy so as to prevent the effect of
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adrenalin on platelet function. Blood samples were taken
from the antecubital vein. The tourniquet was applied above
the venipuncture site, cleaned with 70% isopropyl alcohol,
and allowed to dry before the sample was taken. From each
participant, 13 mL of venous blood was collected.

Specimens were drawn with a minimum of trauma or
stasis at the venipuncture site and anticoagulated with 3.2%
sodium citrate in the ratio of one (1) part anticoagulant to
nine (9) parts of blood for aggregometry. Two trisodium
citrate vacutainers were each filled with 4% mL of blood for
the platelet rich plasma and platelet poor plasma (PRP and
PPP) for aggregometry studies, while the remaining 4 mL
were collected in a sterile dipotassium ethylene diamine tetra
acetic acid (K, EDTA) sample bottle, for full blood count.
Patients initials, age, sex, and hospital numbers were labeled
on each participant sample bottle to aid identification.

Specimen handling

Venous blood was collected in sterile citrate tubes and
allowed to stand for 30 min to rest the platelet before
processing for PRP/PPP. In contrast, the blood sample
collected into the sterile K, EDTA sample bottle was stored
at 6-8°C before sample processing and processed within four
hours of collection.

Plastic or non-contact surfaced (siliconized) materials were
used throughout to minimize activation of the platelets
during sample preparation.

Handling conditions

Testing was initiated within 30 minutes to 3 hours after
venipuncture. Specimens were kept at room temperature
(24-27°C).

Analysis of specimen

EDTA sample was run using the Sysmex Auto-hematology
analyzer KX21N for full blood count with platelet indices,
while citrated blood was used for light transmission optical
platelet aggregometry using the Chronolog 290D.

Platelet aggregometry

Platelets in a suspension of plasma are isolated from an
anticoagulated blood sample by a relatively low centrifugal
force. This material, known as PRP, is removed from the
blood sample following centrifugation. The tubes are then
returned to the centrifuge and spun at a higher force to
prepare PPP. The Born type, or Optical Aggregometer, is a
fixed wavelength spectrophotometer. A beam of infrared light
shines through the PRP cuvette (the test sample), and another
shines through the PPP cuvette (the reference). Pressing the
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set baseline pushbutton sets the 0% (PRP) and the 100% (PPP)
transmission baselines. PRP, which is turbid, is stirred in a test
cuvette maintained at 37°C. The light transmittance through
this turbid sample is measured relative to the PPP blank. When
the agonist is added, the platelets will form increasingly larger
aggregates, and the PRP will begin to clear, allowing more light
to pass through. This increase in light transmittance is directly
proportional to the amount of aggregation and is amplified
and recorded as a signal on chart paper or digitized into a
computer using AGGRO/LINK® Software.

Equipment and materials
Equipment

Chrono-log Aggregometer with Optical Mode.
Computer equipped with Chrono-log AGGRO/LINK® Interface.

Materials

P/N 312 Cuvettes

P/N 311 Disposable Siliconized Stir bars

P/N 331 0.5-10 puL Adjustable Pipette

P/N 335 Tips for P/N 331

P/N 332 10-100 uL Adjustable Pipette

P/N 337 Tips for P/N 332

P/N 333 100-1000 puL Adjustable Pipette

P/N 339 Tips for P/N 333

P/N 384 CHRONO-PAR® ADP (10 uM)

P/N 385 CHRONO-PAR" Collagen (2 ug/mL)

. P/N 390 CHRONO-PAR® Arachidonic Acid (0.5 mM)

. Physiological saline (0.85% w/v)

. Bottled, sterile, and distilled water for irrigation is

recommended for CHRONO-PAR® Reagent preparation.

15 mL conical test tube and cap, or similar (per test subject):

For diluting the specimens (for standardizing PRP)

15. Ice bucket: For maintenance of the reagents during the
working day

16. Lintless wipes.

0N W=

—
W = o

—
b

Preparation

Aggregometer

a.  Turn on the unit and let it heat up for 10-15 min or until
the heater block stabilizes at 37°C
Place P/N 311 Stir bars in P/N 312 Cuvettes

c. Put cuvettes containing stir bars in the incubation wells
to warm up.

Sample
PRP

1. Centrifuge sample at 100 g for 15 min. The brake was set
in the off position.
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2. Take off the PRP with a polypropylene transfer pipette
and put it into a polypropylene plastic tube.

3. Properly label the tube, including the patient’s name
and sample type. Parafilm or cap the top. Keep at room
temperature (24-27°C).

Prepare the PPP

1. Centrifuge sample at approximately 2400 g for 20 min.
Take off the PPP with a polypropylene transfer pipette
and put it into a polypropylene plastic tube.

3. Properly label the tube, including the patient’s name
and sample type. Parafilm or cap the top. Keep at room
temperature (24-27°C).

4. A single sample of PPP per channel can be used as the
reference sample for all tests run with the same patient’s
blood, so the amount of PPP required is only 500 uL
(0.5 mL) per channel (Some instruments require only
one [1] cuvette with 500 uL PPP for up to 4 channels.).

When ready to begin testing, dispense one aliquot per
channel of adjusted PRP of 500 uL volume into P/N 312
cuvettes with stir bars. Warm for a minimum of 3 min.

Definition of resistance

Aspirin resistance has been defined variously; hence, the wide
variation in prevalence is recorded in different studies."” On
the contrary, with Clopidogrel, a <10% reduction in platelet
aggregability with dosing defines resistance.!'!! For this study,
therefore, given that we had pre- and post-antiplatelet dosing
aggregometry results, we decided to use a reduction of 10%
or more in aggregometry values to define resistance for
uniformity.

Statistics

Before this research work could be completed, we ran out of
laboratory reagents, and the aggregometry data for the two
months (post-antiplatelet) category could not be completed.
Due to this, we had only 70% of the aggregometry data in
this category. Therefore, we modeled the remaining data
in this category using the linear regression method from
the IBM SPSS Version 22 statistical software package. We
used mean platelet volume, which we had pre- and post-
antiplatelet dosing for all patients, and aggregometry
data from the available 70% of the patients to determine,
using linear regression equation between them and the
aggregometry data, the values for the remaining 30%
patients. Imputing missing data using modeled equations
is permissible.'?! Categorical variables are reflected in
frequencies and percentages, while continuous variables are
reflected in means (standard deviation [SD]). Comparisons
used that Chi-square and Student t-test as appropriate, and
significance was set at P < 0.05.
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RESULTS

Over the study period, 29 patients, all Nigerians, were
enrolled into Group 1 (Aspirin), and 33 were enrolled into
Group 2 (Clopidogrel), but 20 and 26 had complete data in
the respective groups and formed the subjects of this report.
Group 1 had 15 females and five males with the age range of
42-76 years and a mean (SD) of 60.75 (10.45). In Group 2,
there were 18 females and eight males with the age range
of 23-87 years and a mean of 58.08 (14.18). There was no
statistically significant difference in gender proportion in
both groups (x* = 0.186, df = 1, P = 0.667). The mean age in
the two groups was also not significant statistically (# = 0.707,
df = 44, P = 0.483) — [Table 1].

Of the 20 in Group 1 (Aspirin), 15 (75%) recorded a drop
of 210% of aggregometry value at base line while 5 (25%)
did not. In fact, in four out of the five, aggregometry values
actually went up [Table 2a and b]. This implies a sensitivity of
75% and resistance of 25%.

Of the 26 in Group 2 (Clopidogrel), 14 (53.85%) recorded
a drop of 210% of the aggregometry value at baseline,
while 12 (46.15%) did not. Like in Group 1 (Aspirin), in
three out of the 12, aggregometry values actually went
up [Table 3a and b]. The implication here is a clopidogrel
sensitivity of 53.85% and resistance of 46.15%.

In Group 1, the mean aggregability at baseline after washout
was significantly greater than after one month on the drug in
those who were sensitive, but the reverse was the case in those
with resistance. For patients in Group 2, the aggregability
was also significantly higher at baseline compared with after
one month of ingestion in the sensitive cohort, while in the
resistant sub-group, the aggregability remained almost the
same — [Table 4].

DISCUSSION

The need to use antiplatelets in primary and secondary
prevention derives from the fact that platelet activation is the
initiating step in occlusive thrombosis or the progression of
thrombosis.” In cases where these ischemic events occur
despite the use of antiplatelets, a situation of antiplatelet
therapy resistance is said to exist.””’ The failure of antiplatelets
to protect from these ischemic phenomena may be as a

Table 1: Age and gender characteristics of study population.

Characteristic Group 1 Group 2 P-value
(ASPIRIN) (CLOPIDOGREL)

Gender (M/F) 5/15 8/18 0.667

Age range (year) 42-76 23-87

Age mean (SD)  60.75 (10.45) 58.08 (14.18) 0.483

SD: Standard deviation

result of pharmacokinetic or pharmacodynamic issues. In
the former, the concentration of the drug in the blood is
insufficient for the required action, while for the latter, the
drug is in adequate amounts, but genetic polymorphisms and
changes in platelet structure prevent adequate antiplatelet
action. By whatever mechanism, antiplatelet resistance
has a serious clinical implication: that of permitting the
occurrence of ischemic phenomena that it was supposed
to prevent. The consequences of these (stroke, myocardial
infarction, blindness, and peripheral artery diseases) are
huge in terms of morbidity-mortality and economic losses.

Knowledge of rates of antiplatelet efficacy in any environment
will go a long way in advising on the utilization of the drugs in
primary and secondary prevention of ischemic cardiovascular
diseases. This is given that genetic polymorphisms and the
burden of lifestyle and chronic non-communicable diseases,
which could vary between regions, determine in some way the
level of action of these drugs.”'*! To the best of our knowledge,
there is no report of antiplatelet resistance in native Africans
living in sub-Saharan Africa, at risk of ASCVD.

Table 2a: Aggregometry values, gender, and age in Aspirin
sensitive patients.

S. No. AS1 (%) AS2 (%) Gender Age (year)
1. 75.0 46.0 F 64
78.0 43.0 F 70
3 73.0 29.0 F 76
4 67.0 54.0 F 53
5. 90.0 20.0 M 67
6. 90.0 14.0 F 42
7 95.0 31.0 F 57
8 80.0 45.0 F 64
9. 82.0 37.0 F 51
10. 95.0 55.0 F 70
11. 61.0 5.0 F 53
12. 77.0 65.0 F 73
13. 74.0 59.0 F 60
14. 89.0 80.0 F 56
15. 82.0 52.0 M 63

AS1 (%): Aggregometry value after washout, AS2 (%): Aggregometry
value after 1 month on Aspirin, F: Female, M: Male

Table 2b: Aggregometry values, gender, and age in Aspirin
resistant patients.

S. No. AS1 (%) AS2 (%) Gender Age (year)
1. 71.0 74.0 M 71
2. 75.0 71.0 F 42
3. 72.0 89.0 M 59
4. 68.0 85.0 M 76
5. 5.0 38.0 F 48

AS1 (%): Aggregometry value after washout, AS2 (%): Aggregometry
value after 1 month on Aspirin, F: Female, M: Male
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Table 3a: Aggregometry values, gender, and age in Clopidogrel
sensitive patients.

S. No. AS1 (%) AS2 (%) Gender Age (year)
1. 92.0 82.0 F 60
2. 103.0 66.0 M 66
3. 96.0 82.0 M 59
4. 37.0 28.0 F 63
5. 89.0 70.0 M 47
6. 89.0 20.0 F 60
7. 99.0 78.0 F 31
8. 93.0 70.0 M 71
9. 90.0 75.0 F 80
10. 86.0 49.0 F 68
11. 79.0 15.0 F 55
12. 92.0 62.0 F 52
13. 87.0 73.0 F 44
14. 112.0 93.0 M 56

AS1 (%): Aggregometry value after washout, AS2 (%): Aggregometry
value after 1 month on clopidogrel, F: Female, M: Male

Table 3b: Aggregometry values, gender, and age in Clopidogrel
resistant patients.

S. No. AS1 (%) AS2 (%) Gender Age (year)
1. 91.0 84.0 M 65
2. 89.0 87.0 F 57
3. 81.0 73.0 F 23
4. 89.0 88.0 F 38
5. 81.0 94.0 M 87
6. 80.0 93.0 F 58
7. 87.0 86.0 M 70
8. 114.0 104.0 F 60
9. 84.0 94.0 F 72
10. 97.0 94.0 F 65
11. 79.0 78.0 F 58
12. 82.0 79.0 F 45

AS1 (%): Aggregometry value after washout, AS2 (%): Aggregometry
value after 1 month on clopidogrel, F: Female, M: Male

Our study revealed a 25% aspirin resistance and 46.15%
clopidogrel resistance with low doses of 75 mg each. This
is within the reported range in other regions, and a higher
prevalence of clopidogrel resistance seems to be the norm.!®
The range of prevalence reported for aspirin resistance is
5.5-60%,1" while for Clopidogrel, resistance ranges
from 5% to 44%,"" with one study among people in the
Caribbean islands reporting 50%."7 It has been stated that
the difficulty with comparing rates derives from the different
assay methods and different disease states.!"! Whereas most
of the reported studies focused on patients who already
suffered these ischemic events, such as stroke and myocardial
infarction, our cohort was made up of patients who have risk
diseases for ASCVD but have yet to develop any thrombotic
consequences.

Table 4: Comprison of aggregability in both groups between
baseline and end of study.

Group AS1 (%) AS2 (%) P-value
1 (SENSITIVE) 80.5 (9.96) 42.3 (20.09) <0.00
(RESISTANT) 58.2 (29.8) 7.4 (20.) 0.08
2 (SENSITIVE) 88.9 (6.9) 61.6 (24.4) 0.001
(RESISTANT) 87.8 (9.8) 87.8 (8.6) 1.00

Data represent mean (SD)

Group 1 - Aspirin,
Group 2 - Clopidogrel

AS1 (%): Aggregometry value after washout, AS2 (%): Aggregometry
value after 1 month on clopidogrel, SD: Standard deviation

The implication of our finding is that a quarter of our
patients at risk of ASCVD despite aspirin use and nearly half
despite clopidogrel use may still go on to develop ischemic
phenomena. This calls for deliberate efforts to mitigate the
burden of the risk diseases for ASCVD. There would also
be the need to pay attention to the diverse factors which
impair responsiveness to Aspirin."”! This is because though
cytochrome ¢ oxidase subunit I (COX1) inhibition is the
main mechanism of action, multiple signaling pathways
induce platelet activation; hence, platelets can still be
activated despite effective COX 1 blockade.®"!

The relatively high prevalence of antiplatelet resistance in these
patients demands a response to reduce rates of these thrombotic
events. One of these is dose increase. The antiplatelet effects
of these drugs increase with dose,?"! though at the risk of side
effects, which include bleeding® and worse outcomes in chronic
kidney disease, ¥ which many ASCVD patients may have. All
these call for caution. Dual antiplatelet therapy has been tried,
the risk of which remains bleeding.?" Recently, there has been a
call to improve the antiplatelet effect of these drugs by synergism
with nutraceuticals®?*! as they do not increase the bleeding
risk, whether given alone or with regular antiplatelets.”””!
Although earlier studies made no specific recommendations
in this regard,* struck by the rates of resistance to the regular
antiplatelets, we offered those affected Nattokinase in exchange
(Result not shown) as we were impressed with the report
of antiplatelet effect of Nattokinase.”” We found that those
resistant to Aspirin still had high aggregability values, while 70%
of those resistant to Clopidogrel recorded a significant reduction
in aggregability. This is an area that would require properly
designed studies, including the cases that recorded a paradoxical
response to the antiplatelets.

The strength of our study is in trying to provide data on
antiplatelet response in an understudied if not hardly studied,
sub-Saharan African population. That way, the treatment
approach will be tailored to population specific experience.
Another strength is having a cohort of patients at risk of
ASCVD but yet to develop any of the ischemic phenomena
(some of which affect aggregability) and the washout period
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before giving the antiplatelets. The maintenance of the same
time window for the blood tests in all patients removed the
diurnal variability in platelet function, which may have been
introduced had they been tested at different times. Finally,
each patient served as their own control, removing any bias of
genetic polymorphisms, background disease, and lifestyle. It is,
however, limited by small numbers, single-center experience,
and the fact that we could not assay the level of drugs in the
blood. The metabolism of the drugs in vivo could affect
availability and, hence, antiplatelet effects. An additional
limitation is our use of a definition of Aspirin resistance that
is not universally applicable in our effort to converge it with
the widely acceptable definition of resistance for Clopidogrel.
This is because we had aggregability results before and after the
administration of the antiplatelets used in the study. We also
did not factor in comorbidities, other treatment drugs, and
social habits that could impact aggregability. All the same, it
could count as a pilot study on this subject in our environment.

CONCLUSION

Sub-Saharan African patients at risk of ASCVD exhibit
significant antiplatelet resistance more for Clopidogrel
than Aspirin. This should be borne in mind while planning
primary or secondary prevention of atherothrombotic
disease. While making efforts to mitigate the burden of risk
diseases, dietary or nutraceutical approaches to bring about
synergism are options that could also be explored.
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