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Abstract: Background: High on-treatment platelet reactivity or its equivalent—resistance to the an-
tiplatelet agent—significantly reduces the efficacy of the therapy, contributing to a negative impact 
on stroke course. Previous studies demonstrated that aspirin resistance is associated with a larger 
size of acute ischemic infarct. Due to the increasing use of clopidogrel in the secondary prevention 
of stroke, we aimed to assess the impact of clopidogrel resistance on the size and extent of ischemic 
lesions, both acute and chronic. Methods: This prospective, single-center and observational study 
involved 74 ischemic stroke subjects, treated with 75 mg of clopidogrel. We used impedance ag-
gregometry to determine platelet reactivity 6–12 h after a dose of clopidogrel as a first assessment 
and 48 h later as the second measurement. A favorable dynamics of platelet reactivity over time was 
the decrease in the minimum value equal to the median in the entire study. The volume of acute 
ischemic infarct was estimated within 48 h after onset in diffusion-weighted imaging and fluid-
attenuated inversion recovery sequences of magnetic resonance and the severity of chronic vascular 
lesions by Fazekas scale. Results: Subjects with mild severity of chronic vascular lesions (Fazekas 1) 
exhibited a significant decrease of platelet reactivity over time (p = 0.035). Dynamics of platelet re-
activity over time differed between subjects with large, moderate, mild and insignificant size of 
acute ischemic lesion (Kruskall-Wallis H = 3.2576; p = 0.048). In multivariate regression models, we 
reported unfavorable dynamics of platelet reactivity alone and combined with a high initial value 
of platelet reactivity as independent predictors of higher risk of a significant ischemic infarct volume 
(OR 7.16 95%CI 1.69-30.31, p = 0.008 and 26.49 95%CI 1.88-372.4, p = 0.015, respectively). Conclu-
sions: We emphasized that unfavorable dynamics of platelet reactivity over time during clopidogrel 
therapy in acute phase of stroke affect the volume of acute infarct and the severity of chronic vas-
cular lesions. 
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1. Introduction 
Clopidogrel plays a significant role in the secondary prevention after myocardial in-

farction. Its importance in antiplatelet therapy after ischemic stroke has also increased re-
cently. Due to the high prevalence of aspirin resistance and high occurrence of recurrent 
ischemic stroke, it is increasingly used as a monotherapy in nonembolic ischemic stroke, 
instead of aspirin [1]. Dual antiplatelet therapy with the simultaneous use of clopidogrel 
and aspirin is becoming more common in minor strokes or high risk transient ischemic 
attacks [2–4]. Its efficacy and safety in the secondary prevention of ischemic stroke has 
been demonstrated and confirmed [5]. Similar to aspirin, platelet inhibition in some cases 
might be limited or variable. High on-clopidogrel platelet reactivity or clopidogrel re-
sistance is a phenomenon that significantly reduces the efficacy of the antiaggregant, lead-
ing to a drug failure and decreased platelet inhibitory effect [6]. Some relevant papers 
showed its high prevalence and negative impact on clinical outcome and recovery, reflect-
ing its significance in stroke therapy [7–11]. 

In contrast to aspirin, the effect of resistance on the size of an acute ischemic lesion 
and the severity of chronic ischemic changes in the brain has not been analyzed. Our pre-
vious study on aspirin has shown that this effect is correlated with stroke etiology, and is 
only relevant for stroke caused by large-vessel disease [12]. We hypothesize that a similar 
relationship with the volume of ischemic focus may exist depending on the effectiveness 
of clopidogrel treatment, which could be assessed in platelet function testing [13]. How-
ever, a single time measurement of platelet reactivity might be insufficient in appropriate 
evaluation of high on-clopidogrel platelet reactivity, due to its variability [14]. Therefore, 
we improved our research and performed a double assessment of platelet reactivity, as-
suming that the changes of platelet reactivity over time would better reflect the role of the 
phenomenon being analyzed than just a single measurement. 

The aim of the current study was to evaluate the impact of high on-treatment platelet 
reactivity and changes of platelet reactivity over time, during clopidogrel therapy, on the 
size of the acute ischemic focus, as well as on the severity of chronic ischemic changes in 
the brain. 

2. Materials and Methods 
2.1. Study Design and Participants 

This prospective, single-center and observational study was conducted from Novem-
ber 2019 to December 2020 in a stroke intensive care unit in the Department of Neurology 
at the University Hospital No. 1 in Bydgoszcz, Poland. We enrolled 74 subjects who met 
both the clinical and radiological criteria for the recognition of ischemic stroke [15]. Ac-
cording to the guidelines, all stroke subjects received 150 mg of aspirin immediately after 
excluding hemorrhagic stroke based on computed tomography on admission [1]. After 
this period, from the second day of stroke, we switched to clopidogrel (75 mg a day) for 
the secondary prevention of stroke. Due to the lack of strict and evidence-based recom-
mendations for timing of the switch, we decided on fast implementation of clopidogrel 
after a minimal period dedicated to aspirin-only treatment. The priority was to assess dy-
namics of platelets in the acute phase of stroke. We included participants with large-vessel 
disease (at least 50% stenosis of artery corresponding to the stroke symptoms) or small-
vessel disease (typical morphological changes in the neuroimaging). Sample size was cal-
culated based on the prevalence of ischemic stroke in the general population of the prov-
ince (Bydgoszcz, Poland) using the available sample size calculator. The recommended 
(estimated) sample size was 69 subjects with a confidence level of 90% based on a popu-
lation of 400,000. 

The following exclusion criteria were used: the duration of stroke symptoms over 24 
h before enrollment, subjects underwent reperfusion therapy (intravenous thrombolysis 
and/or endovascular treatment), inability to sign informed consent (e.g., consciousness 
disturbances or moderate/severe aphasia), cardioembolic etiology of stroke (documented 
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atrial fibrillation, dilated cardiomyopathy, thrombus in the heart cavities or new diag-
nosed atrial fibrillation during hospitalization), contraindications to magnetic resonance 
imaging (e.g., pacemaker or severe claustrophobia), a history of stroke or transient is-
chemic attack (TIA) in the previous 3 years, documented neoplasms with higher risk of 
bleeding, taking antiplatelet agents or low molecular weight heparin before stroke, a his-
tory of a significant bleeding in the previous 2 years, level of hemoglobin <9 g/dL and 
thrombocytopenia < 100,000/µL. We adopted the following criteria for cardiovascular risk 
factors: hypertension (recognized before enrollment or blood pressure values over 140/80 
mmHg), diabetes (recognized before enrollment or fasting glucose level of over 200 
mg/dL), hyperlipidemia (recognized before enrollment or values of cholesterol in serum 
over 180 mg/dL), smoking (current smoking), obesity (body mass index over 30) and al-
cohol abuse (at least two beers or 100 mL of vodka more than 15 days per month for a 
period of 3 months). 

2.2. Platelet Reactivity Testing 
The platelet function testing was assessed by impedance aggregometry in the Labor-

atory of Experimental Biotechnology at Collegium Medicum in Bydgoszcz. Blood samples 
were collected 6–12 h after intaking the first dose of clopidogrel, as the first time-point. 
The second measurement of platelet reactivity was performed 48 h later (± 4 h). The Mul-
tiplate–Dynabyte multichannel platelet function analyzer (Roche Diagnostics, France) 
was used in this study, applied as an adenosine diphosphate (ADP) test, where ADP was 
an agonist of the platelets. Addition of platelet activator to the solution forces the platelets 
to move towards two electrodes, which translates into changes in resistance (impedance). 
The device automatically converts these signals into area under the curve (AUC) units, 
and the average for two electrode pairs was reported as a final result of the measurement. 
The cut-off values above 46 AUC were considered as high on-treatment platelet reactivity, 
denoting non-effective inhibition of platelets by clopidogrel. The determination of such a 
limit value complies with the manufacturer’s recommendations and was often used in 
other research [16,17]. Individual processing steps were identical to those reported in 
other studies [18]. A comparison of the values obtained in both measurements determined 
the changes of platelet reactivity. We assumed as favorable changes a decrease in platelet 
reactivity values between two assessments of at least the median difference obtained in 
the entire study (at least 5 AUC). All different changes were considered unfavorable. Sam-
ples are shown in Figure 1. The significance of changes of platelet reactivity was based on 
statistical calculations. 
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Figure 1. Changes of platelet reactivity over time. (A) A sample of favorable changes in platelet reactivity. On the left 
side—normal initial platelet reactivity value (42 U—area under the curve units). On the right side—48 h later—decrease 
in platelet reactivity to 29 U; the difference between the two assessments is 13 U—more than a median difference (5U). (B) 
A sample of unfavorable changes in platelet reactivity. On the left side—high initial platelet reactivity value (61 U). On 
the right side—48 h later; an increase in platelet reactivity to 81 U. This sample meets our criteria for the third definition 
of clopidogrel resistance (high initial value combined with unfavorable dynamics). The final value in AUC is the average 
between the results obtained in two pairs of electrodes (marked as red and blue lines). 

2.3. The Volumetric Evaluation 
A 1.5 tesla Optima 450w scanner (G.E. Healthcare, Chicago, IL, USA) in in the De-

partment of Radiology at the University Hospital No. 1 in Bydgoszcz was used to perform 
magnetic resonance imaging within the first 48 h from the onset of stroke symptoms. Dif-
fusion-weighted images were quantitatively analyzed using a standard diagnostic soft-
ware package (Functool 4.4, Advantage Workstation 4.4, G.E. Healthcare, Chicago, IL, 
USA). The steps for determining the volume of ischemic areas in the DWI and FLAIR 
images were shown in Figure 2. In every series of DWI and FLAIR images, appropriate 
threshold values of the signal intensities were set, so that only voxels overlapping with 
the ischemic area remained in the image. Other voxels within the selected intensity range 
but located outside the region of interest (e.g., noise) were then manually removed from 
all layers. In the last step, a dedicated function was used to automatically calculate the 
volume of displayed voxels [19]. The final result of the volume was provided in cm3. On 
the basis of volumetric assessment, we subdivided the subjects into strokes with signifi-
cant and insignificant acute ischemic size, setting a volume of 2 cm3 as the limit value. 
Next, the group with a significant focus in DWI was further divided into subjects with 
large (>15 cm3), moderate (>5 cm3) and small (2–5 cm3) stroke volume. The volume in DWI 
was also used for logistic regression analysis. We based our assessment of the severity of 
chronic ischemic lesions on the Fazekas scale [20]. 
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Figure 2. The steps for determining the volume of acute ischemic infarct. (A) Primary magnetic resonance (MR) image 
from a diffusion-weighted imaging (DWI) sequence; native axial view, and additional coronal and sagittal reconstructions. 
(B) On the left side, the original axial MR image from the DWI sequence. On the right side, the effect of limiting the 
displayed voxels to a chosen signal intensity range. (C) Manual removal of residual voxels (noise) outside of the ischemic 
stroke area. (D) Volumetric reformation of stroke with its volume displayed. 

2.4. Ethical Statement 
The study protocol received a positive opinion of the Bioethics Committee of the Ni-

colaus Copernicus University in Torun at Collegium Medicum of Ludwik Rydygier in 
Bydgoszcz (KB number 735/2019 on 29.10.2019). All subjects before enrollment read the 
study protocol and signed informed consent to participate in the study. The study was 
conducted according to the Declaration of Helsinki. 

2.5. Statistical Evaluation Methods 
The statistical analysis was performed with STATISTICA, version 13.1 (Dell com-

pany, TX, USA). The collected data were presented as median and range. Non-parametric 
tests were used, i.e., Mann–Whitney U test (assessment of changes of platelet reactivity 
over time), Spearman’s rank correlation test (correlation between clopidogrel resistance 
and acute or chronic brain lesions). Univariate and multivariate logistic regression models 
were assessed for evaluation of predictive properties of high on-treatment platelet reac-
tivity. The level of p < 0.05 was considered as the threshold for statistical significance. 

2.6. Definitions of Clopidogrel Resistance 
For logistic regression models, we introduced three different definitions of 

clopidogrel resistance. We based the first definition only on the initial value of platelet 
reactivity and we set results above 46 AUC as our definition of resistance. We based the 
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second definition only on the changes of platelet reactivity over time (difference between 
two assessments) and set all cases of unfavorable changes (the recorded increase or de-
crease lower than the median—5 AUC) as a resistance. Definition 3 included the fulfill-
ment of both conditions adopted for definition 1 and definition 2 jointly. 

3. Results 
3.1. Overall Results 

The baseline characteristics of the participants included to the study are shown in 
Table 1. In the first time point, the median platelet reactivity was 51 AUC (range 13–107 
AUC), while in the second time point, 46 AUC (9–103 AUC), which means a median de-
crease in platelet activity over time at 5 AUC. The subgroup with large-vessel etiology of 
stroke had significantly larger volume of ischemic focus than a small-vessel disease sub-
group (DWI median 5.53 vs 1.78 cm3, p < 0.0001; FLAIR median 5.89 vs 1.99 cm3, p < 0.0001). 

3.2. Platelet Reactivity and Chronic Ischemic Lesions 
In the subgroup with mild severity of chronic vascular lesions (FAZEKAS – 1), we 

reported a significant and favorable decrease in platelet reactivity over time (median 52.5 
AUC vs 46 AUC, p = 0.035), whereas in subgroups with moderate (FAZEKAS – 2) and 
extensive (FAZEKAS – 3) severity of chronic vascular lesions, no significant or favorable 
decrease in platelet reactivity was noted (median 50 AUC vs 47.5 AUC, p = 0.529 and 33.5 
AUC vs 29 AUC, p = 0.810, respectively) (Figure 3). No significant correlations between 
platelet reactivity values in the first and the second assessment and the severity of chronic 
brain lesions were observed (R = −0.189, p = 0.101 and R = −0.119, p = 0.325, respectively). 

Table 1. The general characteristics of ischemic stroke subjects (n = 74). 

Parameter Values 
Age  67.5 (18–91) 
Sex:  
Male  36 (48.6%) 

Female 38 (51.4%) 
Hypertension 53 (71.6%) 

Diabetes 19 (25.7%) 
Hyperlipidemia 24 (32.4%) 

Smoking 22 (29.7%) 
Obesity 22 (29.7%) 

Alcohol abuse 6 (8.1%) 
CRP (mg/L) 2.37 (0.21–148.96) 
HbA1c (%) 5.8 (4.9–13.01) 

D-Dimer (mg/mL) 451 (165–5926) 
Fibrinogen (mg/dL) 335 (212–658) 

Platelet count (thousands/µL) 256 (112-545) 
NIHSS on admission 3 (1-16) 
mRS on admission 2 (0–5) 

The volume of ischemic focus DWI (cm3) 2.3 (0.09–136.9) 
The volume of ischemic focus FLAIR (cm3)   2.5 (0.13–143.3) 

Resistance to clopidogrel 47 (63.5%) 
Etiology of stroke:  

Large vessel disease 18 (24.3%) 
Small vessel disease 56 (75.4%) 

FLAIR—fluid-attenuated inversion recovery; DWI—diffusion-weighted imaging; CRP—C-reac-
tive protein; HbA1c—glycated hemoglobin, mRS—modified Rankin Scale, NIHSS—the National 
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Institutes of Health Stroke Scale. Values for age, biochemical findings, scales and infarct volume 
are expressed as median and range. Values for sex, risk factors, clopidogrel resistance and stroke 
etiology are expressed as n and as a percentage. 
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Figure 3. Changes of platelet reactivity over time in relation to the severity of chronic ischemic lesions. (A) Significant and 
favorable changes of platelet reactivity (expressed in area under the curve units—AUC) in stroke subjects with mild se-
verity of chronic ischemic lesions (Fazekas scale—1). (B) Insignificant and unfavorable changes of platelet reactivity in 
stroke subjects with moderate severity of chronic ischemic lesions (Fazekas scale—2). (C) Insignificant and unfavorable 
changes of platelet reactivity in stroke subjects with extensive severity of chronic ischemic lesions (Fazekas scale—3). 

3.3. Platelet reactivity and acute ischemic lesions 
We found significant correlations between acute ischemic infarct volume in DWI and 

platelet reactivity values, both in the first measurement (R = 0.253, p = 0.029) and in the 
second measurement (R = 0.612, p < 0.0001), shown in Figure 4, as well as in FLAIR (R = 
0.254, p = 0.029 and R = 0.613, p < 0.0001, respectively). 

(A) 
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(B) 

 
  

Figure 4. Significant correlation between platelet reactivity (in area under the curve units—AUC) and a volume of acute 
ischemic infarct (in cm3) in the diffusion-weighted sequence of magnetic resonance imaging. (A) Initial (the first time point) 
platelet reactivity value, (B) control (the second time point) platelet reactivity value. 

In the subgroup with insignificant size of acute ischemic infarct (in DWI), we re-
ported significant and favorable changes of platelet reactivity over time (p = 0.027), 
whereas no significant and favorable changes were observed in the subgroup with signif-
icant volume of acute ischemic lesion (p = 0.528). Similar dependencies were noted in the 
FLAIR sequence (p = 0.039 and p = 0.512, respectively). Breaking down a group with a 
significant focus into individual subgroups, we revealed that changes of platelet reactivity 
over time differed significantly when comparing subjects with large, moderate, small and 
insignificant volume of acute ischemic lesion (Kruskall-Wallis H = 3.258; p = 0.048, median 
AUC 75 vs 81.5, 54 vs 61, 50 vs 49 and 49.5 vs 37, respectively) (Figure 5). Notably, the 
subjects with a large and moderate size of acute ischemic infarct exhibited an extremely 
unfavorable increase in platelet reactivity over time. 
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Figure 5. Dynamics of changes in platelet reactivity over time in relation to the size of acute ischemic infarct. Significant 
and favorable changes of platelet reactivity (expressed in area under the curve units—AUC) in stroke subjects with insig-
nificant (<2 cm3) size of acute ischemic infarct in the diffusion-weighted sequence of magnetic resonance imaging (A). 
Insignificant and unfavorable changes of platelet reactivity in stroke subjects with large (>15 cm3) (B), moderate (5–15 cm3) 
(C) and small (2–5 cm3) (D) size of acute ischemic infarct. Extremely unfavorable increase of platelet reactivity can be seen 
among subjects with a large and moderate size of acute ischemic infarct. 
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3.4. Logistic regression models 
Clopidogrel resistance in the first definition did not affect the risk of the occurrence 

of the significant size of acute ischemic infarct (OR 1.67 95%CI 0.63–4.38, p = 0.299). 
Clopidogrel resistance in the second and the third definition was associated with higher 
risk of a significant size of acute ischemic infarct (OR 3.62 95%CI 1.24–10.6, p = 0.019 and 
OR 11.61 95%CI 1.41–94.91, p = 0.022, respectively). The risk of the individual significant 
sizes of infarct (large, moderate, small) compared to the insignificant infarct volume in 
clopidogrel-resistant subjects according to the selected definitions is presented in Table 2. 

Table 2. Univariate logistic regression of the risk of selected volumes of acute ischemic infarcts 
among clopidogrel-resistant versus -sensitive subjects, depending on three different definitions of 
the resistance. 

 Definition1 Definition 2 Definition 3 

 OR (95%CI) 
p 

OR (95%CI) 
p 

OR (95%CI) 
p 

Infarct volume  
(vs insignificant) 

Mild 

1.20 (0.44, 3.26) 
0.724 

6.5 (0.88, 47.9) 
0.066 

6.89 (0.78, 60.88) 
0.083 

Moderate 2.74 (0.27, 27.4) 
0.391 

3.19 (1.04, 9.84) 
0.043* 

46.5 (3.2, 676.21) 
0.005* 

Large 6.23 (0.30, 125.5) 
0.234 

13.0 (1.14, 147.8) 
0.039 * 

93.0 (4.56, 1895.27) 
0.003* 

*—significant dependencies, OR—odds ratio, CI—confidence interval. 

Due to insignificant dependencies in Definition 1 in the univariate logistic regression 
analysis, only the second and the third definition were taken for further analysis. We de-
veloped two multivariate logistic regression models adjusted for age, sex, etiology of 
stroke, common risk factors for vascular diseases and clopidogrel resistance based on the 
adopted second and third definition. In both models, we reported that clopidogrel re-
sistance and large-vessel etiology of stroke were independent predictors of a higher risk 
of a significant ischemic infarct volume (Table 3). 

Table 3. Multivariate logistic regression analysis of predictors of a significant size of acute ischemic infarct in two models, 
depending on the definition of the resistance. 

 Model 1  (Definition 2)             Model 2  (Definition 3)           
Adjusted OR (95% CI)  p         Adjusted  OR (95% CI)      p         

Age 
Clopidogrel resistance 
Sex (male) 
Diabetes 
Large vessel disease 
Smoking 
Hyperlipidemia 
Hypertension 
Obesity 

1.06 (0.99, 1.13)    0.076        1.07 (0.99, 1.14)            0.050 
7.16 (1.69, 30.31)   0.008*       26.49 (1.88, 372.44)        0.015* 
0.45 (0.12, 1.7)     0.241        0.57 (0.16, 2.09)            0.398 
1.01 (0.23, 4.51)    0.985        1.94 (0.41, 9.09)            0.402 
23.99 (2.39, 241.4)  0.007*       28.46 (2.74, 295.47)        0.005* 
0.23 (0.05, 0.99)    0.054        0.25 (0.06, 1.05)            0.059 
1.41 (0.36, 5.51)    0.623        0.99 (0.24, 4.03)            0.988 
0.97 (0.12, 4.84)    0.966        1.35 (0.27, 6.8)             0.715 
0.36 (0.07, 1.69)    0.193        0.31 (0.06, 1.52)            0.149 

*—significant dependencies, OR—odds ratio, CI—confidence interval. 

4. Discussion 
To the best of our knowledge, this study is the first attempt to assess the impact of 

clopidogrel high on-treatment platelet reactivity on the size of acute ischemic infarct. The 
strengths of this research are the evaluation of the impact on chronic ischemic changes 
and undoubtedly the double assessment of platelet function over time, which made it 
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possible to track the impact of the dynamics of changes in platelet reactivity on the size of 
the acute focus or the severity of chronic brain lesions. 

We are the first to highlight that clopidogrel-resistant stroke subjects are more likely 
to develop a larger size of acute ischemic infarct. Our findings are consistent with similar 
studies regarding the impact of aspirin resistance on the volume of acute ischemic lesion 
[21,22]. We hypothesize that the reason for this state lies in similar mechanisms underly-
ing the higher platelet reactivity during antiplatelet therapy [6]. However, data on the role 
of aspirin resistance in extension of ischemic size remain ambiguous and contradictory, 
as some studies showed no significant dependencies in this field [23,24]. In our opinion, 
this might be due to the fact that a single measurement of platelet activity at a single time 
point is not sufficient to properly assess its effect. In the current study, we revealed a sim-
ilar relationship with clopidogrel. Although the high platelet reactivity, both during the 
first and second measurement, still correlated with the size of the ischemic lesion, in lo-
gistic regression, it did not significantly increase the probability of a more extensive focus. 
Therefore, it seems more appropriate to use the assessment of the changes in platelet re-
activity over time for this purpose, as the difference between two measurements. Favora-
ble changes in the dynamics of platelet reactivity, expressed as a significant decrease in 
values over time, were associated with the limited volume of acute infarct. Furthermore, 
along with the increase in the volume of the ischemic focus in the brain, the dynamics of 
platelet reactivity over time became increasingly unfavorable. Additionally, we have 
shown that the unfavorable dynamics of platelet reactivity is an independent predictor 
influencing the size and extent of acute ischemic lesions. It cannot be ruled out that the 
discrepancies in the studies on the effect of aspirin resistance on the size of the infarct may 
have been due to the lack of analysis of the changes of platelet reactivity over time, which, 
as we have reported for clopidogrel, corresponds better with the extent of ischemic lesions 
than a single measurement. 

We hypothesize that the optimal solution for the proper evaluation of the actual im-
pact of platelet reactivity on the size of the focus is the simultaneous assessment of the 
value of platelet reactivity and their changes over time. Similarly to the dynamics meas-
ured alone, the combination of high platelet reactivity values and more unfavorable 
changes over time were also associated with an increase in the volume of acute infarct, 
statistically even more significant than the dynamics itself. Unlike our previous aspirin 
study, which showed a role of stroke etiology in significant correlations between platelet 
reactivity and infarct size, we did not find a similar relationship in the current clopidogrel 
study [12]. Nevertheless, we did not previously analyze the dynamics of changes in plate-
let reactivity over time, which may explain the reported discrepancies and the independ-
ence of the influence of clopidogrel resistance on the extent of ischemic focus from the 
cause of stroke. 

A novel finding reported in this study is also an impact of a significant and favorable 
decrease in platelet reactivity over time on the prevalence of mild severity chronic vascu-
lar changes in the brain. We did not observe any favorable dynamics of platelet reactivity 
at higher levels of severity of chronic vascular lesions or significant correlations between 
the values of platelet reactivity and the severity of chronic vascular lesions. Our results 
are inconsistent with data reported by Lundstroem et al., the only study that we found on 
this topic [25]. They revealed that clopidogrel resistance (measured also by impedance 
aggregometry) is associated with more extensive chronic vascular lesions. However, the 
determination of platelet function was 1 month after the ischemic event, they included 
only subjects after minor stroke and assessed chronic changes on the basis of computed 
tomography scans. Our findings suggest that sequential determination of platelet reactiv-
ity over time has an advantage over a single measurement, and further research in this 
direction should focus on their dynamics rather than individual values. 

This study contains several limitations. This research was based on the small sample 
size that requires verification among larger cohorts. For formal reasons, the study ex-
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cluded patients with severe stroke, with impaired consciousness or severe speech disor-
ders, who are unable to give informed consent, which would have made a full cross-sec-
tional assessment impossible. Unfortunately, there is still no standardization in measuring 
platelet function. Therefore, the results obtained with one device should be approached 
carefully. 

5. Conclusions 
In summary, we emphasized the significance of the phenomenon of high on-

clopidogrel platelet reactivity and the independent impact of unfavorable changes in its 
dynamics on the size and extent of acute ischemic infarct as well as the severity of chronic 
vascular changes. We conclude that appropriate platelet inhibitory effect of clopidogrel, 
and especially the maintenance of its beneficial impact over a period of time, is crucial for 
the effectiveness of treatment and is associated with a lower risk of extensive acute and 
chronic ischemic changes. Therefore, our findings support the sequential determination 
of platelet function in the acute phase of ischemic stroke not only to estimate the efficacy 
of the antiplatelet agent, but above all as an important prognostic factor related to the 
clinical outcome. 

Author Contributions: Conceptualization, A.W.; methodology, A.W., J.S., A.K-W., A.L., P.S. and 
E.Z.; software, J.S.; validation, A.W., J.S. and A.L.; formal analysis, A.W.; investigation, A.W., J.S., 
A.K-W., R.M. and P.S.; resources, J.S. and A.L.; data curation, A.W.; writing—original draft prepa-
ration, A.W.; writing—review and editing, R.M. and D.J.; visualization, A.W. and A.L.; supervision, 
D.J.; project administration, A.W. All authors have read and agreed to the published version of the 
manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted according to the guidelines of the 
Declaration of Helsinki, and approved by the Ethics Committee of the Nicolaus Copernicus Univer-
sity in Torun at the Collegium Medicum of Ludwik Rydygier in Bydgoszcz (KB number 735/2019 
on 29.10.2019). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: The data that support the findings of this study are available from the 
corresponding author upon request. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Powers, W.J.; Rabinstein, A.A.; Ackerson, T.; Adeoye, O.M.; Bambakidis, N.C.; Becker, K.; Biller, J.; Brown, M.; Demaerschalk, 

B.M.; Hoh, B.; et al. 2018 Guidelines for the Early Management of Patients With Acute Ischemic Stroke: A Guideline for 
Healthcare Professionals From the American Heart Association/American Stroke Association. Stroke 2018, 49, e46–e99, 
doi:10.1161/STR.0000000000000158. 

2. Wang, Y.; Wang, Y.; Zhao, X.; Liu, L.; Wang, D.; Wang, C.; Wang, C.; Li, H.; Meng, X.; Cui, L.; et al. Clopidogrel with Aspirin in 
Acute Minor Stroke or Transient Ischemic Attack. New Engl. J. Med. 2013, 369, 11–19, doi:10.1056/nejmoa1215340. 

3. Wang, Y.; Pan, Y.; Zhao, X.; Li, H.; Wang, D.; Johnston, S.C.; Liu, L., Meng, X.; Wang, A.; Wang, C.; et al. CHANCE Investigators. 
Clopidogrel With Aspirin in Acute Minor Stroke or Transient Ischemic Attack (CHANCE) trial: One-year outcomes. Circulation 
2015, 132, 40–46. 

4. Johnston, S.C.; Easton. J.D.; Farrant, M.; Barsan, W.; Conwit, R.A.; Elm, J.J.; Kim, A.S.; Lindblad, A.S.; Palesch, Y.Y.Point Ivesti-
gators. Clopidogrel and Aspirin in Acute Ischemic Stroke and High-Risk TIA. J. Engl. J. Med. 2018, 379, 215–225. 

5. Gent, M.; Beaumont, D.; Blanchard, J.; Bousser, M.G., Coffman, J.; Easton, J.D.; Hampton, J.R.; Harker, L.A.; Janzon, L.; 
Kusmierek, J.J.; et al. A randomised, blinded, trial of clopidogrel versus aspirin in patients at risk of ischaemic events (CAPRIE). 
CAPRIE Steering Committee. Lancet 1996, 348, 1329–1339. 

6. Wiśniewski, A.; Filipska, K. The Phenomenon of Clopidogrel High On-Treatment Platelet Reactivity in Ischemic Stroke Subjects: 
A Comprehensive Review. Int. J. Mol. Sci. 2020, 21, 6408, doi:10.3390/ijms21176408. 

7. Qiu, L.-N.; Wang, L.; Li, X.; Han, R.-F.; Xia, X.-S.; Liu, J. Predictive Value of High Residual Platelet Reactivity by Flow Cy-
tometry for Outcomes of Ischemic Stroke Patients on Clopidogrel Therapy. J. Stroke Cerebrovasc. Dis. 2015, 24, 1145–1152. 



Diagnostics 2021, 11, 405 15 of 15 
 

 

8. Yi, X.; Lin, J.; Wang, Y.; Zhou, J.; Zhou, Q.; Wang, C. Response to clopidogrel is associated with early neurological deterioration 
after acute ischemic stroke. Oncotarget 2018, 9, 19900–19910, doi:10.18632/oncotarget.24945. 

9. Lee, J.; Gwon, J.; Kim, M. Abstract WMP39: Clopidogrel Resistance Predicts Early Neurological Worsening In Patients With 
Acute Large Artery Atherosclerotic Stroke. Stroke 2018, 49, 39, doi:10.1161/str.49.suppl_1.wmp39. 

10. Yi, X.; Lin, J.; Zhou, Q.; Wu, L.; Cheng, W.; Wang, C. Clopidogrel Resistance Increases Rate of Recurrent Stroke and Other 
Vascular Events in Chinese Population. J. Stroke Cerebrovasc. Dis. 2016, 25, 1222–1228, doi:10.1016/j.jstrokecerebro-
vasdis.2016.02.013. 

11. Jeon, S.M. Clopidogrel Resistance in Acute Ischemic Stroke. J. Korean Neurol. Assoc. 2006, 24, 318–322. 
12. Wiśniewski, A.; Sikora, J.; Sławińska, A.; Filipska, K.; Karczmarska-Wódzka, A.; Serafin, Z.; Kozera, G. High On-Treatment 

Platelet Reactivity Affects the Extent of Ischemic Lesions in Stroke Patients Due to Large-Vessel Disease. J. Clin. Med. 2020, 9, 
251, doi:10.3390/jcm9010251. 

13. Hvas, A.-M.; Grove, E.L. Platelet Function Tests: Preanalytical Variables, Clinical Utility, Advantages, and Disadvantages. Meth-
ods Mol. Biol. 2017, 1646, 305–320, doi:10.1007/978-1-4939-7196-1_24. 

14. Kim, J.-T.; Heo, S.-H.; Choi, K.-H.; Nam, T.-S.; Choi, S.-M.; Lee, S.-H.; Park, M.-S.; Kim, B.C.; Kim, M.-K.; Saver, J.L.; et al. Clinical 
Implications of Changes in Individual Platelet Reactivity to Aspirin Over Time in Acute Ischemic Stroke. Stroke 2015, 46, 2534–
2540, doi:10.1161/strokeaha.115.009428. 

15. Sacco, R.L.; Kasner, S.E.; Broderick, J.P.; Caplan, L.R.; Connors, J.J.; Culebras, A.; Elkind, M.S.; George, M.G.; Hamdan, A.D.; 
Higashida, R.T.; et al. An updated definition of stroke for the 21st century: A statement for healthcare professionals from the 
American Heart Association/American Stroke Association. Stroke 2013, 44, 2064–2089. 

16. Bonello, L.; Tantry, U.S.; Marcucci, R.; Blindt, R.; Angiolillo, D.J.; Becker, R.; Bhatt, D.L.; Cattaneo, M.; Collet, J.P.; Cuisset, T.; et 
al. Consensus and Future Directions on the Definition of High On-Treatment Platelet Reactivity to Adenosine Diphosphate. J. 
Am. Coll. Cardiol. 2010, 56, 919–933, doi:10.1016/j.jacc.2010.04.047. 

17. Sibbing, D.; Braun, S.; Morath, T.; Mehilli, J.; Vogt, W.; Schömig, A.; Kastrati, A.; Von Beckerath, N. Platelet Reactivity After 
Clopidogrel Treatment Assessed With Point-of-Care Analysis and Early Drug-Eluting Stent Thrombosis. J. Am. Coll. Cardiol. 
2009, 53, 849–856, doi:10.1016/j.jacc.2008.11.030. 

18. Braun, S.; Jawansky, S.; Vogt, W.; Mehilli, J.; Schömig, A.; Kastrati, A.; Von Beckerath, N.; Sibbing, D. Assessment of ADP-
induced platelet aggregation with light transmission aggregometry and multiple electrode platelet aggregometry before and 
after clopidogrel treatment. Thromb. Haemost. 2008, 99, 121–126, doi:10.1160/th07-07-0478. 

19. Keller, S.S.; Roberts, N. Measurement of brain volume using MRI: Software, techniques, choices and prerequisites. J. Anthr. Sci. 
Riv. di Antropol. 2009, 87, 127–151. 

20. Wahlund, L.O.; Barkhof, F.; Fazekas, F.; Bronge, L.; Augustin, M.; Sjo ̈grenM.; Wallin, A.; Ader, H.; Leys, D.; Pantoni, L.; et al. A 
New Rating Scale for Age-Related White Matter Changes Applicable to MRI and CT. Stroke 2001, 32, 1318–1322, 
doi:10.1161/01.str.32.6.1318. 

21. Oh, M.S.; Yu, K.-H.; Lee, J.-H.; Jung, S.; Kim, C.; Jang, M.U. Aspirin resistance is associated with increased stroke severity and 
infarct volume. Neurol. 2016, 86, 1808–1817, doi:10.1212/wnl.0000000000002657. 

22. Cheng, X.; Xie, N.-C.; Xu, H.-L.; Chen, C.; Lian, Y.-J. Biochemical aspirin resistance is associated with increased stroke severity 
and infarct volumes in ischemic stroke patients. Oncotarget 2017, 8, 77086–77095, doi:10.18632/oncotarget.20356. 

23. Agayeva, N.; Topcuoglu, M.A.; Arsava, E.M.; Information, P.E.K.F.C. The Interplay between Stroke Severity, Antiplatelet Use, 
and Aspirin Resistance in Ischemic Stroke. J. Stroke Cerebrovasc. Dis. 2016, 25, 397–403, doi:10.1016/j.jstrokecerebro-
vasdis.2015.10.011. 

24. El-Mitwalli, A.; Azzam, H.; Abu-Hegazy, M.; Gomaa, M.; Wasel, Y. Clinical and biochemical aspirin resistance in patients with 
recurrent cerebral ischemia. Clin. Neurol. Neurosurg. 2013, 115, 944–947, doi:10.1016/j.clineuro.2012.09.025. 

25. Lundstroem, A.; Wallen, H.; von Arbin, M.; Joerneskog, G.; Gigante, B.; Dembrower, H.K., Laurencikas, E.; Laska, A.C. 
Clopidogrel Resistance after Minor Ischemic Stroke or Transient Ischemic Attack is Associated with Radiological Cerebral 
Small-Vessel Disease. J. Stroke Cerebrovasc. Dis. 2015, 24, 2348–2357. 


