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High-on-Aspirin Platelet Reactivity Differs Between
Recurrent Ischemic Stroke Associated With Extracranial
and Intracranial Atherosclerosis

Kyung Chul Noh®®

Hye-yeon Choi’ Background and Purpose Ischemic stroke recurs despite the use of antiplatelet agents. Var-

ious mechanisms are involved in recurrence due to intracranial atherosclerosis (ICAS) and ex-

Ho Geol Woo? tracranial atherosclerosis (ECAS). High-on-aspirin platelet reactivity (HAPR) may differ be-
Jun Young Chang® tween recurrent stroke due to ICAS and ECAS.

Sung Hyuk Heo® Methods Patients with recurrent ischemic stroke as a result of large-artery atherosclerosis de-
Dae-il Chang® spite taking aspirin were enrolled consecutively. Ischemic stroke was classified as stroke due to
Bum Joon Kim® ICAS or ECAS according to the location of the culprit stenosis. An aspirin reaction units (ARU)

value of >550 IU was defined as HAPR. HAPR and its associated factors were compared be-

Department of Neurology, tween the two groups and also considering the mechanism of stroke.

Kyung Hee University

Hospital at Gangdong, Seoul, Korea Results Among the 190 patients with recurrent stroke (111 with ICAS and 79 with ECAS),

*Department of Medicine, 36 (18.3%) showed HAPR. The ARU value was higher in the ECAS than the ICAS group (492+

gradlljalie School, Kyung Hee University, 83 vs. 465178, meantstandard deviation; p=0.028), as was the proportion of patients with
eoul, Korea

HAPR (27.8% vs. 12.6%, p=0.008). Being male and having stroke due to ECAS (reference =

D rt t of N logy,
epariment 0! Feuroloy. stroke due to ICAS: odds ratio=5.760; 95% confidence interval=2.154-15.403; p<0.001) was

Kyung Hee University Hospital,

Seoul, Korea independently associated with HAPR. The ARU value differed according to the stroke mech-
‘Department of Neurology, anism, and was highest in those with artery-to-artery embolism. Artery-to-artery embolism
Asan Medical Center, was independently associated with HAPR in both the ICAS and ECAS groups.

University of Ulsan, College of Medicine, ) . . .
Seoul, Korea Conclusions Recurrent stroke due to ECAS was more strongly associated with HAPR and in-

sufficient antiplatelet inhibition than was that due to ICAS. Artery-to-artery embolism was asso-
ciated with HAPR in recurrent ischemic stroke as a result of ICAS or ECAS.

Keywords recurrent stroke; aspirin resistance; atherosclerosis; embolism;
stroke mechanism.

INTRODUCTION

The optimal strategy for preventing secondary stroke depends on the mechanism of stroke.
For patients with large-artery atherosclerosis (LAA), platelet activation in the stenosis area
Received  July 27, 2021 with a distal embolization has been found to be the main mechanism causing ischemic
Revised ~ December 10,2021 stroke.' Therefore, antiplatelet treatment has been regarded as the standard medical treat-
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caused by poor compliance with medication, other uncontrolled risk factors, stroke mech-
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Asan Medical Center, anisms that are less dependent on platelet activation (i.e., cardioembolism or Moyamoya
University of Ulsan, disease), or insufficient platelet inhibition due to high-on-treatment platelet reactivity (HPR).>*
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88 Olympic-ro 43-gil, Songpa-gu. Previous studies have found HPR to result in a significantly higher risk of recurrent isch-
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emic stroke or transient ischemic attack, and also embolic in-
farction in various conditions.®’

LAA can be found in intracranial and extracranial cerebral
arteries. Intracranial atherosclerosis (ICAS) and extracrani-
al atherosclerosis (ECAS) share common risk factors, but
they have different impacts. Various mechanisms have been
found to be involved in ischemic stroke as a result of LAA,
with the detailed mechanism involved in stroke differing be-
tween ICAS and ECAS: most cases of stroke in those with
ECAS were artery-to-artery embolisms, whereas the mech-
anisms involved in ICAS were more variable.® Therefore, we
hypothesized that the relative importance of platelet activa-
tion differs between recurrent stroke patients associated with
ICAS and ECAS. To verify this, HPR was measured and com-
pared between recurrent ischemic stroke patients associat-
ed with ICAS and ECAS. Factors associated with HPR were
also investigated, and the detailed stroke mechanism was
further considered.

METHODS

Patients

Ischemic stroke patients admitted to a tertiary stroke center
within 7 days of stroke onset were prospectively included in
the study sample. Patients were consecutively enrolled in the
study between January 2010 and December 2017 if they had
been receiving aspirin or aspirin plus clopidogrel treatment,
had an ischemic lesion confirmed by diffusion-weighted im-
aging (DWI), had significant stenosis (>50%) or occlusion
in the corresponding artery that resulted in the index stroke,
and were classified as LAA according to the Trial of Org
10,172 in Acute Stroke Treatment (TOAST) classification.'
Patients with other sources of emboli (i.e., atrial fibrillation,
valvular heart disease, or active coagulopathy) or other de-
termined cause (e.g., Moyamoya disease or dissection) were
excluded. Patients without adequate magnetic resonance im-
age (MRI) data or those who were not taking a prescribed an-
tiplatelet agent (aspirin or aspirin plus clopidogrel) regular-
ly were also excluded. Clinical data including demographics,
vascular risk factors, and concomitant medication at the on-
set of stroke were obtained from the registry database. The
study design was approved by the ethical committee of Kyung
Hee University Hospital (IRB No. KHUH 2017-04-062); in-
formed consent was not required due to the retrospective de-

sign of the study.

Imaging analysis and location of atherosclerosis

MRI was performed on the day of admission, which includ-
ed DWI, fluid-attenuated inversion recovery and gradient
echo sequences, time-of-flight magnetic resonance angiog-
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raphy (MRA), and contrast-enhanced MRA. The presence of
ischemic stroke and the lesion pattern were analyzed based
on the DWI data.

The location of atherosclerosis was determined from the
MRA data. Symptomatic stenosis of the common carotid ar-
tery, proximal internal carotid artery (ICA), or vertebral artery
(VA) was considered as extracranial artery stenosis. Intracra-
nial artery stenosis was defined as stenosis of the distal ICA,
anterior cerebral artery, middle cerebral artery (MCA), poste-
rior cerebral artery, distal VA, or basilar artery.

The detailed mechanism of stroke was determined by the
lesion pattern in DWI as follows: artery-to-artery embolism
infarction (single or scattered lesions at the cortex with or
without border-zone infarction), local branch occlusion in-
farction (striatocapsular infarct or a perforating vessel infarct
of the MCA with significant stenosis of >50% or occlusion
at the MCA, where the perforator may originate, a single le-
sion of any size with subcortical infarction considered as a
local branch occlusion), in situ thrombosis (MCA occlusion
with a territorial infarction), or hemodynamic infarction (bor-
der-zone infarction with evidence of blood-pressure lower-
ing or dehydration). In addition, a combined mechanism was
defined as a scattered cortical infarction plus an additional
infarction in the perforator territory.’

Two experienced neurologists (K.C. Noh and B.J. Kim)
evaluated the mechanism of stroke independently, and any
discrepancies in the final location of atherosclerosis and stroke
mechanism were resolved at a consensus meeting.

High-on-treatment platelet reactivity

The patient history and medical records were reviewed to
identify any previous use of an antiplatelet agent. If an anti-
platelet agent had been prescribed at another center, the cen-
ter was called for confirmation. The patient or their caregiv-
er was required to confirm that the antiplatelet agent had been
taken regularly as prescribed; the patient was excluded from
the analysis if this could not be confirmed.

The extent of platelet inhibition by antiplatelet agents was
measured using the VerifyNow Aspirin and VerifyNow P2Y12
devices (Accumetrics, San Diego, CA, USA). On the day of
admission, the blood samples were transferred to dedicated
cartridges containing arachidonic acid (VerifyNow Aspirin)
or fibrinogen-coated beads, thrombin-receptor-activating
peptide, adenosine diphosphate, and prostaglandin E1 (Veri-
fyNow P2Y12). Changes in the light transmission induced by
platelet aggregation were measured. Results were expressed
as aspirin reaction units (ARU), P2Y12 reaction units (PRU),
and percentage of platelet inhibition (%PI). The usual crite-
rion of ARU >550 was used to define high-on-aspirin plate-
let reactivity (HAPR), while that of %PI <20 was used to de-
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fine high-on-clopidogrel platelet reactivity (HCPR

Statistical analysis

The characteristics of recurrent ischemic stroke were com-
pared between patients in the symptomatic ICAS and ECAS
groups, as were the resistance to antiplatelet agents and the
exact values of ARU, PRU, and %PI. The chi-square test, Fish-
er’s exact test, and Student’s t-test were used as appropriate.
Factors associated with HAPR were investigated using uni-
variable and multivariable analyses. Factors with a potential
association (p<0.15) in the univariable analysis were includ-
ed in the multivariable model.

ARU values in recurrent ischemic stroke with different
stroke mechanisms were further compared separately in
ECAS and ICAS patients. ANOVA was used to compare
ARU values among different stroke mechanisms in ICAS
and ECAS. Factors associated with HAPR were also inves-
tigated in each group. The stroke mechanism was dichoto-
mized into artery-to-artery embolism and other mechanisms.
All statistical analyses were performed using SPSS for Win-
dows (version 17.0, SPSS, Chicago, IL, USA), and a two-sid-
ed p value <0.05 was considered statistically significant.

RESULTS

During the study period, 5,261 patients were registered in
the database, with a previous history of stroke (recurrent
stroke) present in 786 of them. Treatment with aspirin or as-
pirin plus clopidogrel was being applied at the time of recur-
rence in 613 patients, and 205 of these patients were catego-
rized as having LAA. Finally, 190 patients with ARU data were
enrolled in the study. Clopidogrel was administered in addi-
tion to aspirin in 59 patients, and the PRU value was mea-
sured in 54 patients.

The study participants were aged 7119 years (meanztstandard
deviation), and 117 (61.6%) were male, 171 (90.0%) had hy-
pertension, 91 (47.9%) had diabetes, 133 (70.0%) had hy-
perlipidemia, and 84 (44.2%) were current smokers. HAPR
was identified in 36 (18.3%) of 190 patients and HCPR in 19
(35.2%) of 54 patients. The location of atherosclerosis was
intracranial in 111 (58.4%) patients and extracranial in 79
(41.6%).

Location of atherosclerosis and HAPR

The characteristics of patients with symptomatic ICAS and
ECAS are presented in Table 1. Patients were older in the ICAS
than the ECAS group (69.7+9.5 vs. 73.5+7.6 years, p=0.004),
but there were no other intergroup differences in demograph-
ics or risk factors. Most of the ECAS patients (n=58, 73.4%)
had artery-to-artery embolism, whereas the mechanism of
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Table 1. Characteristics of recurrent ischemic stroke patients with
ICAS and ECAS

ICAS ECAS
(=111)  (=79) F
Age (yr) 69.71£9.5 73.5%17.6 0.004
Sex, male 61 (55.0) 53 (67.1) 0.092
Hypertension 98 (88.3) 73(92.4) 0.351
Diabetes 55 (49.5) 36 (45.6) 0.588
Hyperlipidemia 76 (68.5) 57 (72.2) 0.585
Current smoker 49 (44.1)  35(44.3) 0929
Detailed mechanism <0.001
Artery-to-artery embolism 51(459) 58(73.4)
Local branch occlusion 20(18.0) 0(0.0)
In situ thrombosis 9(8.1) 10(12.7)
Hemodynamic infarction 7 (6.3) 8(10.1)
Combined 24 (21.6) 3(3.8)
Additional clopidogrel 29(26.1)  30(38.0) 0.082
Statin 51 (45.9) 30 (38.0) 0.228
Aspirin reaction units (IU) 465+78 492+83 0.028
Aspirin resistance 14 (12.6) 22 (27.8) 0.008
P2Y12 reaction units (IU)* 271+78 254+73 0.393
Platelet inhibition (%/o)* 13%£17 1516 0.707
Clopidogrel resistance* 17 (63.0) 18 (66.7) 0.776

Data are meanZstandard-deviation or number (%) values.

*Among patients who received clopidogrel at stroke onset and the
P2Y12 VerifyNow test.

ECAS, extracranial atherosclerosis; ICAS, intracranial atherosclerosis;
|U, international units.

stroke in ICAS patients was more diverse, including 20 (18.0%)
patients with local branch occlusion and 24 (21.6%) with a
combined mechanism.

The ARU value was significantly higher in patients with
recurrent ischemic stroke due to ECAS than in those with
ICAS (492483 vs. 465+78, p=0.028). The proportion of pa-
tients with HAPR was higher in the ECAS group than the
ICAS group (27.8% vs. 12.6%, respectively; p=0.008), where-
as HCPR did not differ between the two groups.

Among recurrent ischemic stroke patients with LAA,
HAPR was significantly associated with stroke due to ECAS
(reference=stroke due to ICAS: odds ratio [OR]=2.674, 95%
confidence interval [CI]=1.269-5.637, p=0.010). From the
multivariable analysis, being male (OR=2.607, 95% Cl=
1.142-5.953, p=0.023) and having stroke due to ECAS (refer-
ence=stroke due to ICAS: OR=5.760, 95% CI=2.154-15.403,
<0.001) were independently associated with HAPR (Table 2).

Mechanism of stroke and HAPR

Among patients with recurrent stroke due to ECAS, the
ARU value was highest in those with artery-to-artery em-
bolism (509+82, n=58), followed by in situ thrombosis (470+
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89, n=10), combined mechanism (429+52, n=3), and hemo- 95% CI=0.080-0.882, p=0.030) and artery-to-artery embo-
dynamic infarction (419+24, n=8); the difference of ARU lism (reference=other mechanisms: OR=5.000, 95% CI=
value of stroke mechanisms was statistically significant (p= 1.057-23.661, p=0.042). The multivariable analysis indicat-
0.010; Fig. 1). Factors associated with HAPR among ECAS ed that artery-to-artery embolism (reference=other mecha-
patients were the use of additional clopidogrel (OR=0.265, nisms: OR=5.174, 95% CI=1.036-25.844, p=0.045) was the

Table 2. Factors associated with high-on-aspirin platelet reactivity

Univariable analysis Multivariable analysis
OR (95% ClI) p OR (95% ClI) p
Age 1.042 (0.997-1.089) 0.065
Male sex 2.070 (0.994-4.309) 0.052 2.607 (1.142-5.953) 0.023
Hypertension 0.620 (0.208-1.849) 0.391
Diabetes 1.680 (0.806-3.502) 0.166
Hyperlipidemia 0.708 (0.329-1.520) 0.376
Current smoker 0.587 (0.273-1.264) 0.173
Additional use of clopidogrel 0.473 (0.194-1.153) 0.100
Statin 0.698 (0.329-1.480) 0.349
ECAS (vs. ICAS) 2.674 (1.269-5.637) 0.010 5.760 (2.154-15.403) <0.001

Factors included in the multivariable analysis: age, male sex, initial National Institutes of Health Stroke Scale score, additional use of clopidogrel, and
ECAS.
Cl, confidence interval; ECAS, extracranial atherosclerosis; ICAS, intracranial atherosclerosis; OR, odds ratio.

ANOVA, p=0.010 ANOQVA, p=0.003
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A embolism thrombosis infarction ~ mechanism B embolism occlusion thrombosis infarction ~ mechanism

Fig. 1. Comparison of aspirin reaction units (ARU) values between different stroke mechanisms based on lesion pattern among patients with stroke
due to extracranial atherosclerosis (ECAS) (A) and intracranial atherosclerosis (ICAS) (B).

Table 3. Factors associated with high-on-aspirin platelet reactivity among extracranial atherosclerosis patients

Univariable analysis Multivariable analysis
Odds ratio (95% ClI) p Odds ratio (95% CI) p
Age 1.039 (0.971-1.111) 0.268
Male sex 2.135(0.771-5.915) 0.144
Hypertension 0.352 (0.065-1.895) 0.224
Diabetes 1.280 (0.478-3.431) 0.624
Hyperlipidemia 0.570 (0.198-1.640) 0.297
Current smoker 0.635 (0.231-1.747) 0.379
Additional use of clopidogrel 0.265 (0.080-0.882) 0.030
Statin 0.690 (0.243-1.955) 0.485
Artery-to-artery embolism (vs. other mechanisms) 5.000 (1.057-23.661) 0.042 5.174 (1.036-25.844) 0.045

Factors included in the multivariable analysis: male sex, initial National Institutes of Health Stroke Scale score, additional use of clopidogrel, and ar-
tery-to-artery embolism.
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Table 4. Factors associated with high-on-aspirin platelet reactivity among intracranial atherosclerosis patients

Univariable analysis Multivariable analysis

0dds ratio (95% ClI) p 0dds ratio (95% ClI) p
Age 1.029 (0.967-1.095) 0.370
Male sex 2.795 (0.870-8.975) 0.084
Hypertension 0.767 (0.151-3.890) 0.749
Diabetes 2.889 (0.848-9.847) 0.090
Hyperlipidemia 0.806 (0.249-2.610) 0.719
Current smoker 0.504 (0.145-1.748) 0.280
Additional use of clopidogrel 0.745 (0.192-2.882) 0.670
Statin 0.833 (0.269-2.586) 0.752
Avrtery-to-artery embolism (vs. other mechanisms) 3.415(1.001-11.653) 0.050 4.305 (1.166-15.894) 0.028

Factors included in the multivariable analysis: male sex, diabetes, initial National Institutes of Health Stroke Scale score, and artery-to-artery embolism.

only independent factor associated with HAPR in patients
with recurrent ischemic stroke due to ECAS (Table 3).

Also among patients with recurrent stroke due to ICAS,
the ARU value was highest in those with artery-to-artery
embolism (491£79, n=>51), followed by hemodynamic in-
farction (479+73, n=7), combined mechanism (465+78, n=
24), in situ thrombosis (427457, n=9), and local branch oc-
clusion (418173, n=20). The ARU value among ICAS pa-
tients with different mechanisms showed significant statis-
tical difference (p=0.003; Fig. 1). Artery-to-artery embolism
(reference=other mechanisms: OR=3.415, 95% CI=1.001-
11.653, p=0.050) was associated with HAPR among patients
with recurrent stroke due to ICAS. The multivariable analy-
sis indicated that artery-to-artery embolism (OR=4.305,
95% CI=1.166-15.894, p=0.028) was independently associ-
ated with HAPR in patients with recurrent ischemic stroke
due to ICAS (Table 4).

DISCUSSION

In this sample of recurrent ischemic stroke patients with
LAA, the ARU value was higher and HAPR was observed
more frequently in patients with ECAS than in those with
ICAS. Recurrent stroke due to ECAS was independently as-
sociated with the presence of HAPR. Regarding the mecha-
nism of stroke, patients with artery-to-artery embolism showed
higher ARU values than did those with other mechanisms,
and this was independently associated with HAPR in both
the ICAS and ECAS groups.

The main mechanism of ischemic stroke in patients with
symptomatic ECAS is artery-to-artery embolism.® A plaque
rupturing from areas of the carotid artery experiencing high
shear stress may lead to arterial embolism and ischemic
stroke."? High shear stress is known to induce angiogenesis
within the plaque, which leads to the formation of vulnera-
ble plaques that are prone to rupture.” High shear stress it-
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¥ Platelet activation (insufficient platelet inhibition)
¥ Artery-to-artery embolism (emboli

B

Infarcted area

Obliteration
of perforator

Fig. 2. Schematic drawings of recurrent stroke mechanism and bio-
chemical aspirin resistance: insufficient platelet inhibition and artery-
to-artery embolism (A) and obliteration of a perforator and local branch
occlusion (B). CCA, common carotid artery; ICA, internal carotid artery;
MCA, middle cerebral artery.

self also leads to shear-induced platelet aggregation that is
insensitive to aspirin,"* and aspirin was found to insufficient-
ly inhibit platelets under high shear stress conditions in an
in vitro study.” In a study of patients with symptomatic ca-
rotid artery disease, more microembolic signals were ob-
served in patients with HAPR.' Since artery-to-artery em-
bolism is the main mechanism of stroke in patients with
symptomatic ECAS, insufficient platelet inhibition as a result
of HAPR may play an important role in stroke recurrence.
The mechanism of stroke is much more diverse in patients
with symptomatic ICAS. Artery-to-artery embolism still re-
mains the main mechanism of stroke, and is more common
in those with enhanced plaques in high-resolution MRI."
Such plaques are also regarded as vulnerable plaques that
are rich in inflammatory molecules and prone to rupture,
with the potential to cause early stroke recurrence.'® Vascu-
lar inflammation has been suggested as one of the potential
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mechanisms of HAPR." The current study found that ARU
values were highest in patients with artery-to-artery embo-
lism among those with recurrent stroke due to ICAS, and
that artery-to-artery embolism was independently associat-
ed with HAPR. Platelet activation may still be important in
ICAS patients with recurrent stroke due to artery-to-artery
embolism (Fig. 2A). However, the ARU values were lowest in
those with local branch occlusion. Platelet activation might
be less important since local branch occlusion is caused by
the obliteration of the orifice of perforators by atherosclero-
sis (Fig. 2B)."”

HAPR is reportedly observed in 10%-30% of patients with
recurrent ischemic stroke receiving aspirin therapy, and has
been associated with both the long- and short-term recur-
rence of ischemic stroke.”” Adding a second antiplatelet agent
after recurrent stroke despite receiving aspirin therapy has
previously been found to be more effective in preventing fur-
ther stroke events.”! Adding clopidogrel was associated with
reducing HAPR changes in patients with recurrent stroke due
to ECAS. Adding a potent antiplatelet agent to aspirin ther-
apy may reduce the insufficiency of platelet inhibition in pa-
tients with recurrent ischemic stroke due to ECAS.* In con-
trast, focusing on decreasing the atherosclerotic burden might
be more important when treating patients with local branch
occlusion due to ICAS.”

The first limitation of the current study was its retrospective
design. Second, the study was conducted in a single center,
which may limit the generalizability of the results. However,
restricting the study to a single center provided the advantage
that the ARU values in patients with a previous stroke histo-
ry and taking aspirin could be measured throughout the study
period in accordance with the center protocol. Third, the
ARU value (a serologic biomarker) was used to investigate
differences in the role of insufficient platelet inhibition among
different stroke mechanisms associated with LAA. Since bio-
markers are influenced by various factors such as hemato-
logic conditions and concurrent infections, and the cutoff
values are arbitrary, using a prospective design with a clini-
cal outcome might have strengthened our hypothesis. Fourth,
determining the etiology of stroke solely based on the lesion
pattern in DWI can be challenging and is not definitive, but
this approach is still widespread in clinical practice. Fifth,
only a small number of patients experienced recurrent stroke
following combined treatment with clopidogrel, and so the
effect of clopidogrel resistance on different mechanisms of
stroke could not be evaluated. Since clopidogrel resistance is
influenced by genetic factors and concomitant medication,
a well-designed prospective study involving a larger num-
ber of patients with recurrent stroke and taking clopidogrel
may be required to clarify this issue. Finally, the mechanism
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of stroke was based on the recurrent stroke, and little infor-
mation was available on the mechanism of prior stroke.

Notwithstanding these limitations, the current study shows
that ischemic recurrent stroke occurring in the presence of
aspirin therapy due to ECAS is associated with HAPR and
insufficient platelet inhibition. The artery-to-artery embo-
lism in LAA is associated with aspirin resistance and insuf-
ficient platelet inhibition, whereas platelet inhibition plays
only a minor role in recurrent ischemic stroke due to local
branch occlusion.

Availability of Data and Material

The datasets generated or analyzed during the study are available from the
corresponding author on reasonable request.

ORCID iDs

Kyung Chul Noh https://orcid.org/0000-0003-1880-4034
Hye-yeon Choi https://orcid.org/0000-0001-6291-3153
Ho Geol Woo https://orcid.org/0000-0001-6489-0100
Jun Young Chang https://orcid.org/0000-0003-4880-9258
Sung Hyuk Heo https://orcid.org/0000-0002-9215-5119

Dae-il Chang
Bum Joon Kim

https://orcid.org/0000-0001-7638-5830
https://orcid.org/0000-0002-3278-3252

Author Contributions

Conceptualization: Bum Joon Kim. Data curation: Bum Joon Kim, Kyung
Chul Noh. Formal analysis: Bum Joon Kim, Kyung Chul Noh. Funding ac-
quisition: Bum Joon Kim. Investigation: Bum Joon Kim, Kyung Chul Noh.
Methodology: Bum Joon Kim, Kyung Chul Noh. Project administration:
Bum Joon Kim, Kyung Chul Noh. Resources: all authors. Software: Bum
Joon Kim, Kyung Chul Noh. Supervision: Dae-il Chang, Sung Hyuk Heo,
Hye-yeon Choi, Ho Geol Woo. Validation: Bum Joon Kim, Kyung Chul
Noh. Visualization: Bum Joon Kim, Kyung Chul Noh. Writing—original
draft: Bum Joon Kim, Kyung Chul Noh. Writing—review & editing: Bum
Joon Kim.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

Funding Statement

This research was supported by the Brain Convergence Research Program
of the National Research Foundation (NRF) funded by the Korean gov-
ernment (MSIT) (No. 2020M3E5D2A01084576) and the National Re-
search Foundation of Korea (NRF) grant funded by the Korean govern-
ment (MSIT) (No. 2020R1A2C2100077).

REFERENCES

. Kim BJ, Kim JS. Ischemic stroke subtype classification: an Asian view-
point. J Stroke 2014;16:8-17.

2. Tsivgoulis G, Safouris A, Kim DE, Alexandrov AV. Recent advances
in primary and secondary prevention of atherosclerotic stroke. J Stroke
2018;20:145-166.

. Bornstein NM, Karepov VG, Aronovich BD, Gorbulev AY, Treves TA,
Korczyn AD. Failure of aspirin treatment after stroke. Stroke 1994;25:
275-277.

4. Shin DH, Lee PH, Bang OY. Mechanisms of recurrence in subtypes of
ischemic stroke: a hospital-based follow-up study. Arch Neurol 2005;62:
1232-1237.

5. 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

—_

w



10.

11.

12.

13.

15.

population. J Stroke Cerebrovasc Dis 2016;25:1222-1228.

. Kim BJ, Lee SW, Park SW, Kang DW, Kim JS, Kwon SU. Insufficient

platelet inhibition is related to silent embolic cerebral infarctions af-
ter coronary angiography. Stroke 2012;43:727-732.

. Kim BJ, Kwon JY, Jung JM, Lee DH, Kang DW, Kim JS, et al. Associ-

ation between silent embolic cerebral infarction and continuous in-
crease of P2Y12 reaction units after neurovascular stenting. ] Neuro-
surg 2014;121:891-898.

. Kim JS, Nah HW, Park SM, Kim SK, Cho KH, Lee J, et al. Risk factors

and stroke mechanisms in atherosclerotic stroke: intracranial com-
pared with extracranial and anterior compared with posterior circu-
lation disease. Stroke 2012;43:3313-3318.

. Bang OY. Intracranial atherosclerosis: current understanding and per-

spectives. ] Stroke 2014;16:27-35.

Mason PJ, Jacobs AK, Freedman JE. Aspirin resistance and athero-
thrombotic disease. ] Am Coll Cardiol 2005;46:986-993.

Shim CY, Yoon §J, Park S, Kim JS, Choi JR, Ko YG, et al. The clopido-
grel resistance can be attenuated with triple antiplatelet therapy in pa-
tients undergoing drug-eluting stents implantation. Int ] Cardiol 2009;
134:351-355.

Groen HC, Gijsen FJ, van der Lugt A, Ferguson MS, Hatsukami TS,
van der Steen AF, et al. Plaque rupture in the carotid artery is local-
ized at the high shear stress region: a case report. Stroke 2007;38:2379-
2381.

Wang Y, Qiu J, Luo S, Xie X, Zheng Y, Zhang K, et al. High shear stress
induces atherosclerotic vulnerable plaque formation through angio-
genesis. Regen Biomater 2016;3:257-267.

. O’Brien JR. Shear-induced platelet aggregation. Lancet 1990;335:711-

713.
Valerio L, Tran PL, Sheriff ], Brengle W, Ghosh R, Chiu WC, et al. As-

16.

18.

19.

20.

21.

22.

23.

wces JCN I

pirin has limited ability to modulate shear-mediated platelet activa-
tion associated with elevated shear stress of ventricular assist devices.
Thromb Res 2016;140:110-117.

Dawson J, Quinn T, Lees KR, Walters MR. Microembolic signals and
aspirin resistance in patients with carotid stenosis. Cardiovasc Ther
2012;30:234-239.

. Wu E, Song H, Ma Q, Xiao J, Jiang T, Huang X, et al. Hyperintense

plaque on intracranial vessel wall magnetic resonance imaging as a
predictor of artery-to-artery embolic infarction. Stroke 2018;49:905-
911.

Kim JM, Jung KH, Sohn CH, Moon J, Shin JH, Park J, et al. Intracra-
nial plaque enhancement from high resolution vessel wall magnetic
resonance imaging predicts stroke recurrence. Int J Stroke 2016;11:171-
179.

Choi YJ, Jung SC, Lee DH. Vessel wall imaging of the intracranial and
cervical carotid arteries. J Stroke 2015;17:238-255.

Jeon SB, Song HS, Kim BJ, Kim HJ, Kang DW, Kim JS, et al. Biochemi-
cal aspirin resistance and recurrent lesions in patients with acute isch-
emic stroke. Eur Neurol 2010;64:51-57.

Kim JT, Park MS, Choi KH, Cho KH, Kim BJ, Han MK, et al. Differ-
ent antiplatelet strategies in patients with new ischemic stroke while
taking aspirin. Stroke 2016;47:128-134.

Johnson GJ, Sharda AV, Rao GH, Ereth MH, Laxson DD, Owen WG.
Measurement of shear-activated platelet aggregate formation in non-
anticoagulated blood: utility in detection of clopidogrel-aspirin-in-
duced platelet dysfunction. Clin Appl Thromb Hemost 2012;18:140-149.
Kwon SU, Hong KS, Kang DW, Park JM, Lee JH, Cho Y], et al. Effi-
cacy and safety of combination antiplatelet therapies in patients with
symptomatic intracranial atherosclerotic stenosis. Stroke 2011;42:2883-
2890.

www.thejen.com 427





