
ORIGINAL RESEARCH

Verifynow P2Y12 PRU-Guided Modification
of Clopidogrel for Prevention of Recurrent Ischemic
Stroke: A Real-World Prospective Cohort Study

Yuanjin Zhang . Dongsheng Fan . Shudong Qiao . Hongtao Hu

Received: June 28, 2022 /Accepted: September 1, 2022 / Published online: September 26, 2022
� The Author(s) 2022

ABSTRACT

Introduction: Clopidogrel resistance causes
recurrent stroke. However, outcomes of modi-
fied antiplatelet medications to prevent recur-
rent ischemic stroke are not well known.
Methods: Patients who received clopidogrel
with and without modification as initial treat-
ment for stroke were recruited and compared.
The primary outcome was ischemic stroke and
myocardial infarction at the 1-year follow-up.
The secondary outcome was bleeding
complications.
Results: Overall, 206 patients treated with
clopidogrel were enrolled and were divided into
the modification (n = 39) and no modification
(n = 167) groups. There was a significant differ-
ence in the incidence of severe cerebral arterial
stenosis between the two groups (modification
group, 16/39, 41.03%; no modification group,
36/167, 21.56%, P = 0.012) at baseline. The loss

to follow-up rate was 12.14% (25/206). After
adjustment for severe cerebral artery stenosis,
antiplatelet modification based on the platelet
reactivity unit (PRU) value significantly
improved in the per protocol set (odds ratio
0.142, 95% confidential interval 0.022–0.898,
P = 0.038). The area under the curve of the dif-
ferent PRU cutoff values were 0.630, 0.605, and
0.591 (P = 0.016, 0.051, and 0.092) for PRU 190,
208, and 235, respectively.
Conclusion: Verifynow P2Y12 PRU-guided
modification of clopidogrel for ischemic stroke
significantly improved or prevented recurrence
at the 1-year follow-up. Our findings suggest
that clopidogrel therapy based on the PRU cut-
off value of 190 should be considered to
improve outcomes.
Trial Registration: ClinicalTrials.gov
NCT02618265 (December 1, 2015).
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Key Summary Points

Clopidogrel, which is frequently used to
prevent ischemic stroke, may cause
treatment resistance and lead to
recurrence of stroke.

Overall, 206 participants who received
clopidogrel treatment were enrolled in the
study. The participants were further
divided into the modification (39
patients) and no modification (167
patients) groups.

Modification based on the platelet
reactivity unit (PRU) cutoff value
significantly improved the outcomes of
the per protocol set population after
adjusting for severe cerebral artery
stenosis.

Clopidogrel therapy with a PRU cutoff
value of 190 may be considered to
improve outcomes.

INTRODUCTION

Ischemic stroke is one of the most common
causes of death and long-term disability world-
wide [1]. According to the China National
Stroke Registry, recurrent stroke accounts for
nearly 17.7% of cases of ischemic stroke [2, 3].
Antiplatelet therapy is recommended by many
guidelines to reduce the risk of recurrent
ischemic stroke [4, 5], with clopidogrel being
one of the most frequently prescribed medica-
tions to prevent acute ischemic stroke in high-
risk patients [5–8]. However, there are
interindividual variations in terms of platelet
reactivity to clopidogrel therapy. According to
the different test methods and reports, the
prevalence of clopidogrel resistance (CR) ranges
from 8% to 50% [9–11]. Studies have suggested
that CR is a strong predictor of stroke and
adverse vascular events [12–14]. It was demon-
strated that platelet inhibition function test-

guided modifications of antiplatelet medica-
tions were associated with significantly higher
rates of adverse clinical outcomes [15], while
another study indicated that P2Y12 platelet
function test-guided intensification of anti-
platelet therapy to achieve short-term inhibi-
tion of at least 20% did not result in a higher
incidence of ischemic or hemorrhagic events
[16].

Higashiguchi et al. indicated that personal-
ized dual antiplatelet therapy based on a plate-
let reaction unit (PRU) cutoff value of 240
significantly reduced thromboembolic compli-
cations without increasing hemorrhagic com-
plications [17] during the endovascular period.
However, limited information exists regarding
the efficacy of antiplatelet modification based
on the Verifynow P2Y12 platelet function test
[18]. Therefore, the aim of our study was to
investigate the clinical outcomes associated
with platelet function test-guided clopidogrel
modification in patients with ischemic stroke.
The hypothesis was that treatment with modi-
fied antiplatelets based on platelet function
testing would decrease the incidence of recur-
rent stroke and bleeding.

METHODS

Study Design and Participants

The prospective cohort study enrolled consec-
utive patients with acute ischemic stroke and
transient ischemic attack (TIA) from the neu-
rology departments of three hospitals. The
diagnosis of acute ischemic stroke or TIA was
established according to the criteria of the
American Stroke Association (ASA) [19]. Con-
secutive participants were sequentially enrolled
at Peking University Third Hospital from
August 22, 2016 to June 6, 2017, Peking
University Shougang Hospital from June 22,
2017 to March 31, 2018, and Huilongguan
Branch of Beijing Jishuitan Hospital from
April 9, 2018 to July 16, 2019.

The inclusion criteria were as follows:

1. Age[ 18 years
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2. Cerebral infarction with evidence on com-
puted tomography (CT) or magnetic reso-
nance imaging (MRI) without coma

3. National Institutes of Health Stroke Scale
(NIHSS) score 0–25

4. TIA
5. Available detailed medical history
6. CT angiography (CTA) or MR angiography

(MRA) of the brain and carotid arteries or
color duplex ultrasound investigation of the
carotid arteries

7. At least 7 days of clopidogrel therapy
(75 mg daily) alone or combined with
aspirin (100 mg daily) prior to the Veri-
fynow P2Y12 test

Routine electrocardiogram (ECG), 24-h Hol-
ter ECG, and ultrasound cardiogram were per-
formed to reveal possible cardio-embolic stroke.
All patients who were admitted to the ward
received therapeutic treatments according to
the 2013 American Heart Association (AHA)/
ASA guidelines for acute ischemic stroke and
2014 guidelines for prevention of recurrent
ischemic stroke.

During the screening period, a series of
investigations, including blood sampling, was
performed to classify stroke as one of five sub-
types according to the Trial of Org 10172 in
Acute Stroke Treatment criteria. Only large
vessel atherosclerotic and small vessel disease
subtypes were included. Adherence was deter-
mined by interviewing the patients and
caregivers.

The exclusion criteria were as follows:

1. Dementia
2. Evidence of hemorrhage on CT or MRI
3. Hematological disorders

3.1 Platelet count\100 9 109/L or[450 9

\109/L and a hemoglobin
level\ 8 g/dL

3.2 Any history of myeloproliferative disor-
ders, heparin-induced thrombocy-
topenia, or any other platelet
function disorders

3.3 Malignant paraproteinemias or a family
or personal history of bleeding
disorders

4. Any major surgical procedure within
7 days prior to enrollment

5. Any clinically relevant arrhythmia on
admission, including atrial fibrillation

6. Any major concurrent illness, including
severe cardiovascular disease, liver or renal
failure, and malignancies

7. Fever, hypoxia, alterations in conscious-
ness, or any relevant hemodynamic com-
promise on admission

8. Nonadherence to antiplatelet therapy
9. Any allergy to aspirin or clopidogrel

10. Asthma
11. Concurrently treated with glycoprotein

IIb/IIIa inhibitors, ticlopidine, dipyri-
damole, or other additional antiplatelets
and other nonsteroidal antiinflammatory
drugs at the time of the index stroke

12. Administration of heparin or low molecu-
lar weight heparin or other anticoagulants
within 24 h before enrollment in the study

13. Any patients deemed as not suitable for
enrollment

The administration and modification of
specific antiplatelet medications were recorded.
The study was registered at ClinicalTrials.gov
(NCT02618265). The study protocol was
approved by the Ethics Committee of Peking
University Third Hospital (2013-144) and sub-
sites (The ethics committee approval number of
Peking University Shougang Hospital is IRBK-
2017-033-01. The ethics approval of Peking
University Third Hospital is accepted in Beijing
Jishuitan Hospital Huilongguan Branch). Par-
ticipants gave written informed consent for
participation. The study was conducted in
accordance with the Declaration of Helsinki.
Figure 1 shows the flowchart of inclusion and
management.

Sample Size Estimation

We estimated that a sample size of 200 patients
would provide 80% (1 - b) power at a two-
tailed 5% (type I error rate, a) significance level
to detect a difference between the modification
and no modification groups, similar to that in
the literature.
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Based on a cohort study of patients with
symptomatic atherothrombotic intracranial
stenosis, the incidence of recurrent stroke was
25% [20, 21], which was adopted in the study.
The contemporary treatment strategies inclu-
ded antiplatelets, statins, stent implantation,
and/or internal carotid endarterectomy for
prevention of recurrent ischemic stroke. The
estimation assumed an endpoint rate of 9% [22]
of the study population (treatment group, 9%;
natural history group, 25%; sampling ratio, 1:1;
superiority margin, 0.08). The sample size was
estimated as 56 (each group, n = 28).

In a real-world study, all patients received
clopidogrel. To test the difference between the
modification and no modification groups, we
speculated a 1:1 ratio since the maximum vari-
ability for CR was 50%. According to the liter-
ature, the incidences of ischemic stroke with
dual and mono antiplatelet therapies were 9.1%
and 27.9% [22], respectively; hence, the sample

size was calculated to be 100 (superiority mar-
gin, 0.10; each group, n = 50).

A recently published study regarding sched-
uled neurointervention for unruptured
intracranial aneurysms reported that the inci-
dence of thromboembolic complications in the
tailored and nontailored groups was 6.6% and
16% [17], respectively; according to the out-
come rate of this study, the sample size was
calculated to be 296 (superiority margin, 0.05;
each group, n = 148).

The estimation was entered into an online
sample size calculator (http://www.
powerandsamplesize.com/), and the relevant
parameters were set. Considering a shedding
rate of less than 20%, the trial was designed to
enroll at least 120 patients; 356 patients at most
should be included. As a result of the disparity
in the diseases from the collected studies, we
selected 200 patients as the sample size.

Fig. 1 Recruitment flowchart for inclusion and management and the antiplatelet medicine modifications
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Platelet Reactivity Assessment

The Verifynow P2Y12 assay, which is based on
optical turbidimetry, is mostly similar to the
gold standard, which is light transmittance
aggregometry; however, the advantage of the
P2Y12 assay is that it can be performed at the
bedside. Adenosine diphosphate (ADP) was used
as a platelet activator to detect platelet aggre-
gation after administering a P2Y12 receptor
inhibitor. Clopidogrel irreversibly binds to the
P2Y12-coupled purinergic receptor, inhibiting
ADP-mediated platelet activation and aggrega-
tion. ADP was used to maximally activate the
platelets by binding to the P2Y1 and P2Y12 pla-
telet receptors, while prostaglandin E1 (PGE1)
was used to suppress ADP-induced P2Y1-medi-
ated increase in intracellular calcium levels.
Based on these mechanisms, the Verifynow
P2Y12 assay (ADP PGE1 method) could deter-
mine maximal P2Y12 inhibition.

The Verifynow P2Y12 PRU was assessed after
a 7-day course of antiplatelet therapy using
clopidogrel according to the manufacturer’s
protocol (Accriva, San Diego, CA, USA). Elec-
tronic and liquid quality control was imple-
mented before each test to guarantee the
comparability of the measurements among each
site. The classical PRU standard of CR, wherein
PRU exceeds 208, is based on the cardiovascular
clinical outcomes of the GRAVITAS and ADAPT-
DES research [23, 24]; a lower PRU indicates
greater antiplatelet aggregation.

CR Standard and Medicine Modification
Reference Consideration

To our knowledge, as a global platelet function
test for clopidogrel, the PRU is correlated with
the CYP2C19 loss-of-function genotype, which
results in high PRU values [25]. East Asians carry
the CYP2C19 polymorphism *2 and/or *3 [26],
which may possibly result in resistance to
treatment of our research population. However,
we could not exclude ultrarapid alleles that
contribute to and increase bleeding tendency or
other gene polymorphisms [27, 28]. The risk
prediction model S2TOP-BLEED scale [29] has
defined that being Asian is a potential risk factor

for hemorrhage. Owing to that, PRU perhaps
will be not steady during the long-term
ischemic stroke secondary prevention period of
clopidogrel therapy with several uncontrollable
factors, such as blood glucose level, proton
pump inhibitors (PPI), and calcium channel
blockers (CCB) or other traditional Chinese
medicine which will influence antiplatelet
effects. Thus, it is necessary to establish a
slightly varied PRU to assess effective platelet
inhibition and avoid heterogeneous platelet
responses across individuals. The standard PRU
208 was derived from clinical research of coro-
nary heart disease; however, the physiological
pathology in cerebral and coronary vessels is
different. According to our hypothesis, the PRU
cutoff value for antiplatelet modification should
be slightly lower than that of the standard
value. Hence, a PRU cutoff value of 190 was
deemed appropriate for antiplatelet modifica-
tion to avoid intracranial hemorrhage and
bleeding or unnoticed CR. As the hypothesis
was defined by clinically experienced neurolo-
gists, the relatively lower PRU standard is
potentially reasonable.

Standard Operating Procedure
of Antiplatelet Modification

All patients received standard doses of either
combined aspirin 100 mg and clopidogrel
75 mg daily or clopidogrel 75 mg alone once a
day for at least 7 days prior to undergoing the
Verifynow P2Y12 test. Antiplatelet treatment
lasted for 7 days, and all participants underwent
the P2Y12 platelet function test to identify
patients with CR or treatment responders and
determine whether they would need long-term
antiplatelet modification for the prevention of
recurrent ischemic stroke. For patients with TIA
and mild artery stenosis, antiplatelet therapy
without modification was administered,
although the PRU cutoff value was set at 190.
For patients with moderate stenosis and a PRU
greater than 190, antiplatelet modification was
considered. If artery stenosis was severe but
without cerebral microbleeding, combined
clopidogrel and aspirin therapy was continued
for at least 3 months. For severe artery stenosis
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with cerebral microbleeding, combined clopi-
dogrel and aspirin therapy was shifted to either
clopidogrel or aspirin to avoid intracranial
hemorrhage and bleeding. Furthermore, other
factors that may influence the results, such as
blood glucose medications and PPI, were
administered prior to the study to decrease their
influence on platelet inhibition.

Medicine Adherence

Adherence to medication was defined as the
extent to which participants continuously took
all medications as prescribed at hospital dis-
charge to prevent a recurrence of ischemic
stroke, except if their health care provider
instructed them to discontinue a medication
[30]. For all participants, the follow-up assess-
ment included adherence to treatment. For
participants whose medical records could be
obtained, we calculated the prescribed dosage
and frequency of drugs to determine medica-
tion adherence. For patients who resided out-
side the region of the hospital after discharge,
we determined medication adherence at follow-
up. Not adhering to medications for 2 weeks
was defined as nonadherence.

Assessment of Outcomes

Stroke, including acute ischemic stroke, TIA,
intracranial hemorrhage, and myocardial
infarction, were defined as the primary out-
come. Bleeding, including intracranial hemor-
rhage and intraocular, digestive tract, and skin
bleeding, was defined as the secondary out-
come. Outcomes were determined through
telephone follow-ups by researchers and from
medical records.

Data Collection

The following variables were collected and
analyzed: patient demographics, including age
and gender, and clinical characteristics,
including medical history such as hypertension,
diabetes mellitus, previous stroke, coronary
heart disease, and smoking. Data from MRI,
MRA, CTA, and/or digital subtraction

angiography for evaluating intracranial and
extracranial artery stenosis or small cerebral
vessel disease were obtained. Cerebral artery
stenosis on angiography was categorized as mild
(\30%), moderate (30–50%), or severe ([50%).
Concomitant medications, including antihy-
pertensives, statins, and PPI, were recorded.
Recurrent ischemic stroke, acute myocardial
infarction, and bleeding were recorded on fol-
low-up.

Statistical Analysis

We analyzed the demographic and clinical
variables using descriptive statistics. The nor-
mality of distribution of PRU was exhibited by
the Q–Q plot. Continuous variables were pre-
sented as mean and standard deviation.
Between-group comparisons of continuous
variables were performed using the indepen-
dent sample t test. Non-normally distributed
data were analyzed by the Wilcoxon rank-sum
test. Categorical variables were presented as
frequencies and analyzed by the chi-square test.
The baseline characteristics of all intent-to-treat
(ITT) [31] participants were compared between
the modification and no modification groups.
The per protocol set (PPS) population was
defined as all participants who underwent fol-
low-up assessments. We used the v2 test and
survival analysis to convey the difference in the
primary outcome between the modification and
no modification groups for estimating the risk
ratio (RR), Kaplan–Meier plots, and log-rank test
P value. According to the principle of instru-
mental variable analysis [32, 33], binary logistic
regression analysis was performed with the
modified antiplatelet as the independent vari-
able and outcome as the dependent variable.
Statistically and clinically significant severe
artery stenosis was set as the covariate variable.
The odds ratios (ORs) between the modification
and no modification groups were expressed
with 95% confidence intervals (CIs) and P value.
To investigate the best PRU cutoff value for
clopidogrel modification, we calculated the area
under the curve (AUC) of the receiver operating
characteristic (ROC). PRU values were entered
into the calculation process. The Youden index
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was calculated using the equation ‘‘speci-
ficity ? sensitivity - 1,’’ with the maximum
corresponding PRU value as the best cutoff
value. Statistical significance was defined as a
two-tailed P value less than 0.05. Statistical
analyses were carried out by SPSS statistical
software version 20.0 for Windows (SPSS Inc.,
Chicago, IL, USA).

RESULTS

Baseline Demographics and Clinical
Characteristics

Overall, 206 participants were enrolled in the
study; 200 patients had acute ischemic stroke
and 6 patients had TIA. The treatment modifi-
cation details are listed in Table 1. The demo-
graphics and clinical characteristics among the
three subsites are listed in Table 2. The com-
parison between the antiplatelet modification
group and no modification group are listed in
Table 3. There were no significant differences
between the antiplatelet modification and no
modification groups except for the proportion
of patients with severe cerebral arterial stenosis,
which was evident in both the ITT and PPS sets.
Initial therapies were monotherapy (34.47%
clopidogrel) or dual antiplatelet (65.53% clopi-
dogrel and aspirin) therapy. All participants
received statin treatment. The normality of
distribution of the PRU is shown in Fig. 2
including the enrolled population and modifi-
cation group. Based on the PRU cutoff values of
190, 208, and 235, the overall prevalence of CR

was 39.81% (82/206), 28.64% (59/206), and
17.48% (36/206), respectively [25].

There was no statistically significant differ-
ence in the use of b-blockers, CCB, angiotensin-
converting enzyme inhibitors, or angiotensin
receptor blockers between the modification and
no modification groups. Table 4 shows the dif-
ferences between patients with CR and clopi-
dogrel responders according to the PRU cutoff
value of 190 (ITT and PPS analysis). The age
(ITT: 64.58 ± 11.09, PPS: 63.97 ± 10.49) and in-
hospital NIHSS (ITT: 2.84 ± 2.59, PPS:
3.01 ± 2.67) of the patients with CR were
higher than in clopidogrel responders (ITT:
59.04 ± 11.27, PPS: 58.95 ± 10.71, ITT set
P = 0.001*, PPS set P = 0.003*; ITT: 2.07 ± 2.15,
PPS: 2.04 ± 2.20, ITT set P = 0.028*, PPS set
P = 0.013*, respectively). There were less smok-
ers among patients with CR (ITT: 32.93%, PPS:
54.84%) than in clopidogrel responders (ITT:
35.82%, PPS: 56.14%; ITT set P = 0.002*, PPS set
P = 0.008*).

Primary Outcome of the PPS Population

The dropout rate was 12.14% (25/206). The
outcome rates of the modification and no
modification groups were 13.89% (5/36) and
8.28% (12/145), respectively. The RR of the
modification was 1.149 (95% CI 0.838–1.575,
P = 0.475), which indicated that there was no
significant difference between the modification
and no modification groups. Additionally,
Kaplan–Meier analysis showed that there was
no significant difference between the

Table 1 Formula modification of antiplatelet medicines with clopidogrel

Initial treatment Modification Cases (n = 39)

Aspirin 100 mg and clopidogrel 75 mg qd Clopidogrel 75 mg qd 20 (51.28%)

Aspirin 100 mg and clopidogrel 75 mg qd Aspirin 100 mg qd 10 (25.64%)

Clopidogrel 75 mg qd Aspirin 100 mg qd 6 (15.38%)

Aspirin 100 mg and clopidogrel 75 mg qd Aspirin 100 mg and clopidogrel 37.5 mg qd 1 (2.56%)

Aspirin 100 mg and clopidogrel 75 mg qd Aspirin 100 mg and clopidogrel 150 mg qd 1 (2.56%)

Clopidogrel 75 mg qd Aspirin 100 mg and clopidogrel 75 mg qd 1 (2.56%)
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modification and no modification groups (log-
rank test, P = 0.718, Fig. 3). However, there was
a significant difference in the incidence of sev-
ere cerebral arterial stenosis between the modi-
fication and no modification groups (ITT:
41.03% vs. 21.56%, P = 0.012*; PPS: 41.67% vs.
24.83%, P\0.001*). Of the 181 participants
who completed the 1-year follow-up, 38.89%
(14/36) and 6.21% (9/145) in the modification
and no modification groups had severe stenosis

and had not undergone implantation and/or
carotid endarterectomy, respectively. Table 5
indicates that in the two steps of logistic
regression, there was no statistically significant
difference between modification and no modi-
fication group as for other statistics. After
adopting severe cerebral arterial stenosis as a
covariate variable, logistic regression analysis
showed that there was a significant difference in
the primary outcome between the modification

Table 2 Demographic, clinical characteristics, combination drugs, and endpoint differences among three subsites

Site 1 PUTH (n = 75) Site 2 PUSH (n = 100) Site 3 JST (n = 31) P value

Age 64.53 ± 13.11 58.67 ± 10.14 61.07 ± 9.21 0.004*

Male (%) 59 (78.67) 79 (79) 23 (74.19) 0.844

TIA (%) 6 (8) 0 0 0.005*

Hypertension (%) 57 (76) 72 (72) 20 (64.52) 0.483

Diabetes (%) 35 (46.67) 40 (40) 14 (45.16) 0.659

Smoking (%) 24 (32) 54 (54) 17 (54.84) 0.009*

Previous stroke (%) 22 (29.33) 27 (27) 7 (22.58) 0.775

CHD (%) 12 (16) 16 (16) 3 (9.68) 0.662

Intracranial artery stenosis (%) 48 (64) 81 (81) 20 (64.52) 0.026*

Extracranial artery stenosis (%) 7 (9.33) 14 (14) 6 (19.35) 0.355

Severe cerebral arterial stenosis (%) 32 (42.67) 20 (20) 0 \ 0.001*

CCB (%) 45 (60) 47 (47) 14 (45.16) 0.176

PPI (%) 5 (6.67) 0 0 0.011*

b-blocker (%) 7 (9.33) 14 (14) 0 0.076

ACEI/ARB (%) 21 (28) 35 (35) 5 (16.13) 0.123

In-hospital NIHSS 3.30 ± 3.11 2.02 ± 1.66 1.35 ± 1.36 \ 0.001*

Discharge NIHSS 1.70 ± 2.05 1.32 ± 1.07 1.06 ± 1.12 0.092

Clopidogrel and aspirin (%) 44 (58.67) 66 (66) 25 (80.65) 0.360

PRU 199.11 ± 64.82 154.97 ± 57.65 141.40 ± 67.87 \ 0.001*

Modification (%) 29 (38.67) 8 (8) 2 (6.45) \ 0.001*

Loss to follow-up (%) 22 (29.33) 2 (2) 1 (3.23) \ 0.001*

Primary endpoint (%) 9 (12) 6 (6) 2 (6.45) \ 0.001*

Secondary endpoint (%) 1 (1.33) 0 0 0.416

PUTH Peking University Third Hospital, PUSH Peking University Shougang Hospital, JST Beijing Jishuitan Hospital Hui
Longguan Branch
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Table 3 Differences between clopidogrel antiplatelet modification group and no modification group

ITT Modification group (n = 39) No modification group (n = 167) P value

Age 59.82 ± 12.38 61.57 ± 11.29 0.395

Male (%) 31 (79.49) 130 (77.84) 0.823

TIA (%) 2 (5.13) 4 (2.40) 0.318

Hypertension (%) 31 (79.49) 118 (70.67) 0.267

Diabetes (%) 16 (41.03) 73 (43.71) 0.760

Smoking (%) 15 (38.46) 80 (47.90) 0.287

Previous stroke (%) 10 (25.64) 46 (27.54) 0.809

CHD (%) 5 (12.82) 20 (11.98) 0.988

Intracranial artery stenosis (%) 25 (64.10) 124 (74.25) 0.211

Extracranial artery stenosis (%) 2 (5.13) 25 (14.97) 0.119

Severe cerebral arterial stenosis (%) 16 (41.03) 36 (21.56) 0.012*

CCB (%) 20 (51.28) 70 (41.92) 0.434

PPI (%) 1 (2.56) 0 0.044*

b-blocker (%) 4 (10.26) 16 (9.58) 0.990

ACEI/ARB (%) 11 (28.21) 44 (26.35) 0.980

PRU (%) 187.74 ± 78.85 164.69 ± 61.92 0.051

Mono clopidogrel (%) 7 (17.95) 64 (38.32) 0.016*

Clopidogrel and aspirin (%) 32 (82.05) 103 (61.68)

Loss to follow-up (%) 3 (7.69) 22 (13.17) 0.66

PPS Modification group (n = 36) No modification group (n = 145) P value

Age 60.89 ± 11.35 60.78 ± 10.79 0.957

Male (%) 29 (80.56) 113 (77.93) 0.732

TIA (%) 2 (5.56) 2 (1.38) 0.127

Hypertension (%) 28 (77.78) 102 (70.34) 0.375

Diabetes (%) 14 (38.89) 63 (43.45) 0.620

Smoking (%) 15 (41.67) 73 (50.34) 0.351

CHD (%) 5 (13.89) 20 (13.79) 0.988

Previous stroke (%) 10 (27.78) 38 (26.21) 0.848

Intracranial artery stenosis (%) 23 (63.89) 108 (74.48) 0.203

Extracranial artery stenosis (%) 2 (5.56) 22 (15.17) 0.128

Severe cerebral arterial stenosis (%) 16 (41.67) 36 (24.83) \ 0.001*

No surgery for stenosis (%) 14/16 (87.5) 9/36 (25) \ 0.001*

Neurol Ther (2022) 11:1749–1766 1757



and no modification groups (OR 0.142, 95% CI
0.022–0.898, P = 0.038). The results indicated
that according to the PRU cutoff value, anti-
platelet modification decreased the incidence of
recurrent stroke.

Secondary Outcomes in the Modification
and No Modification Groups

Major intracranial hemorrhage was not
observed in both groups. Meanwhile, petechiae
were observed in the no modification group,

Fig. 2 Normality distribution of the platelet reactivity unit values for the enrolled population and modification group

Table 3 continued

PPS Modification group (n = 36) No modification group (n = 145) P value

CCB (%) 20 (55.56) 70 (48.28) 0.434

PPI (%) 1 (2.78) 0 0.044*

b-blocker (%) 4 (11.11) 16 (11.03) 0.990

ACEI/ARB (%) 11 (30.56) 44 (30.34) 0.980

In-hospital NIHSS (%) 2.86 ± 2.47 2.29 ± 2.41 0.206

Discharge NIHSS (%) 1.31 ± 1.47 1.46 ± 1.56 0.604

PRU (%) 184.23 ± 80.25 160.74 ± 59.94 0.054

Mono clopidogrel (%) 7 (19.44) 51 (35.17) 0.070

Clopidogrel and aspirin (%) 29 (80.56) 94 (64.83)

Adherence (%) 1 (2.78) 15 (10.34) 0.152

Primary endpoint (%) 5 (13.89) 12 (8.28) 0.301

Secondary endpoint (%) 1 (2.78) 0 0.628
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Table 4 Demographic and clinical characteristic differences between clopidogrel resistance and responder (ITT and PP
analysis) according to PRU standard 190

ITT Resistance (n = 82) Responder (n = 124) P value

Age 64.58 ± 11.09 59.04 ± 11.27 0.001*

Male (%) 58 (70.73) 103 (83.06) 0.036*

TIA (%) 3 (4.48) 3 (2.63) 0.605

Hypertension (%) 62 (75.61) 87 (70.16) 0.392

Diabetes (%) 39 (47.56) 50 (40.32) 0.305

Smoking (%) 27 (32.93) 68 (54.84) 0.002*

Coronary heart disease (%) 10 (12.20) 21 (16.94) 0.352

Previous stroke (%) 26 (31.71) 30 (24.19) 0.235

Intracranial artery stenosis (%) 57 (69.51) 92 (74.19) 0.462

Extracranial artery stenosis (%) 14 (17.07) 13 (10.48) 0.170

Severe cerebral arterial stenosis (%) 20 (24.39) 32 (25.81) 0.819

CCB (%) 43 (52.44) 63 (50.81) 0.818

PPI (%) 4 (4.88) 1 (0.81) 0.063

b-blocker (%) 11 (13.41) 10 (8.06) 0.214

ACEI/ARB (%) 24 (29.27) 37 (29.84) 0.930

PRU 232.30 ± 32.11 126.43 ± 45.06 \ 0.01*

In-hospital NIHSS 2.84 ± 2.59 2.07 ± 2.15 0.028*

Discharge NIHSS 1.63 ± 1.88 1.27 ± 1.20 0.127

Mono clopidogrel (%) 27 (32.93) 44 (35.48) 0.705

Clopidogrel and aspirin(%) 55 (67.07) 80 (64.52)

Modification (%) 22 (26.83) 17 (13.71) 0.019*

Loss to follow-up (%) 15 (18.29) 10 (8.06) 0.028*

Primary endpoint (%) 7 (8.54) 10 (8.06) 0.083

Secondary endpoint (%) 0 1 (0.81) 0.415

PPS Resistance (n = 67) Responder (n = 114) P value

Age 63.97 ± 10.49 58.95 ± 10.71 0.003*

Male (%) 48 (71.64) 94 (82.46) 0.088

TIA (%) 3 (4.48) 1 (0.88) 0.112

Hypertension (%) 51 (76.12) 79 (69.30) 0.325

Diabetes (%) 29 (43.28) 48 (42.11) 0.877

Smoking (%) 24 (35.82) 64 (56.14) 0.008*

Coronary heart disease (%) 6 (8.96) 19 (16.67) 0.147
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which had a PRU value of 175. There was no
significant difference between the modification
and no modification groups (P = 0.628,
Table 3).

Sensitivity Analysis of the PRU Cutoff
Value for Antiplatelet Modification

The investigated diagnostic indexes included
the sensitivity, specificity, and AUC of the dif-
ferent PRU cutoff values. All PPS data were
included in the ROC analysis. When PRU and
modification were set as the independent and
dependent variables in the ROC analysis,
respectively, the AUC was 0.623, P = 0.024
(95% CI 0.511–0.735). The Youden index ran-
ged from - 0.080 to 0.245. With the best value

of 0.245, the corresponding PRU cutoff value
was 189.5. Figure 4 shows the ROC curve of the
different cutoff values. The AUCs of the PRU
cutoff values for 190, 235, and 208 were 0.630
(P = 0.016, 95% CI 0.526–0.733), 0.591
(P = 0.092, 95% CI 0.480–0.701), and 0.605
(P = 0.051, 95% CI 0.497–0.713), and the sen-
sitivity and specificity were 58.3%, 67.6%, and
30.6%, and 87.6%, 44.4%, and 76.6%, respec-
tively. After removing outliers (PRU 5, 9, and
47), the AUC was 0.66, P = 0.004 (95% CI
0.553–0.767), and the Youden index ranged
from - 0.026 to 0.280. With the best value of
0.280, the corresponding PRU value was also
189.5. The AUCs of 190, 235, and 208 were
0.647 (P = 0.008, 95% CI 0.508–0.728), 0.6
(P = 0.071, 95% CI 0.487–0.713), and 0.618
(P = 0.032, 95% CI 0.508–0.728), and the

Table 4 continued

PPS Resistance (n = 67) Responder (n = 114) P value

Previous stroke (%) 22 (32.84) 26 (22.81) 0.140

Intracranial artery stenosis (%) 45 (67.16) 86 (75.44) 0.229

Extracranial artery stenosis (%) 11 (16.42) 13 (11.40) 0.337

Severe cerebral arterial stenosis (%) 14 (20.90) 27 (23.68) 0.665

No surgery for stenosis (%) 8 (11.94) 15 (13.16) 0.812

CCB (%) 33 (49.25) 57 (50) 0.923

PPI (%) 1 (1.49) 0 0.191

b-blocker (%) 10 (14.93) 10 (8.77) 0.202

ACEI/ARB (%) 21 (31.34) 34 (29.82) 0.830

PRU 230.58 ± 31.11 126.30 ± 45.38 \ 0.001*

In-hospital NIHSS 3.01 ± 2.67 2.04 ± 2.20 0.013*

Discharge NIHSS 1.75 ± 2.00 1.24 ± 1.17 0.060

Mono clopidogrel (%) 17 (25.37) 41 (35.96) 0.140

Clopidogrel and aspirin (%) 50 (74.63) 73 (64.04)

Modification (%) 20 (29.85) 16 (14.04) 0.010*

No adherence (%) 4 (5.97) 12 (10.53) 0.297

Primary endpoint (%) 7 (10.45) 10 (8.77) 0.709

Secondary endpoint (%) 0 1 (0.88) 0.191
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sensitivity and specificity were 61.8% and
67.6%, 32.4%, and 87.6%, and 41.7% and
76.6%, respectively.

DISCUSSION

Our results showed that antiplatelet modifica-
tion based on the P2Y12 PRU test decreases the
incidence of recurrent ischemic stroke without
increasing the risk of bleeding after adjusting

for severe intracranial and extracranial artery
stenosis. This suggests that long-term preven-
tion of stroke recurrence may be achieved by
selecting the appropriate antiplatelet medica-
tions. The outcome rate was not significantly
different between the modification and no
modification groups, indicating that the insuf-
ficiency of platelet inhibition induced recurrent
ischemic stroke could be offset by antiplatelet
modification. CR was neutralized, and the out-
come rate of patients with CR was similar to
that of clopidogrel responders. Moreover, after
adjustment for severe artery stenosis, antiplate-
let modification was more effective than no
modification, which indicated that prophase
modification was a more selective preference
‘‘test to therapy’’ strategy for better prognosis.

Aspirin and clopidogrel are prescribed for
both acute stroke and prevention of recurrence.
Low-dose aspirin is effective for reducing
ischemic events above a certain risk threshold
[34]. The Clopidogrel Versus Aspirin in Patients
at Risk of Ischemic Events study reported that
clopidogrel decreased the relative risk for
ischemic stroke versus aspirin in patients with
ischemic stroke [35]. The CARESS study repor-
ted that dual therapy with clopidogrel and

Fig. 3 Kaplan–Meier curve for primary outcome com-
parison between the modification and no modification
groups

Table 5 Logistic regression of antiplatelet modification
for primary outcome analysis adjusted by severe artery
stenosis

Variable OR 95% CI P

Primary outcome

Step 1

Modification 1.788 0.587–5.447 0.307

Step 2

Severe artery stenosis 0.010 1.153–9.595 \ 0.001

Modification 0.142 0.022–0.898 0.038

Fig. 4 Receiver operating characteristic curve of different
platelet reactivity unit cutoff values for clopidogrel
resistance
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aspirin was more effective than aspirin alone for
reducing asymptomatic embolization of carotid
stenosis [36, 37]. Nevertheless, in the Manage-
ment and Avoidance trial, the combination of
clopidogrel plus aspirin was not significantly
more effective than aspirin alone in reducing
the incidence of myocardial infarction, stroke,
or death from cardiovascular causes [38]. The
results are similar in patients with a lacunar
stroke in the prevention of small subcortical
strokes trial [39]. Thus, the combination of
aspirin and clopidogrel for 21 days and then
monotherapy with either drug has shown that
dual antiplatelet therapy is more effective than
mono aspirin treatment for decreasing recurrent
ischemic stroke without increasing hemorrhage
risk [6]. Combined aspirin and clopidogrel for
90 days showed that dual antiplatelet therapy
decreased the incidence of recurrent ischemic
stroke but increased that of hemorrhage [40].
The inconsistent results of both monotherapy
and dual antiplatelet therapy could be partially
attributed to the variability of platelet reactiv-
ity. Among patients with ischemic stroke or TIA
treated with clopidogrel, carriers of CYP2C19
loss-of-function alleles are at greater risk of
stroke and composite vascular events than
noncarriers [41].

Clopidogrel is a prodrug activated by cyto-
chrome P450. The active metabolite then binds
to the P2Y12 receptor, inhibiting ADP receptor-
mediated activation. As the global platelet
function test for clopidogrel, a relative high
PRU value is correlated with CYP2C19 loss-of-
function genotype [42]. The mechanisms asso-
ciated with inhibition of platelet function are
complex and multifactorial, which include
other genetic factors, poor compliance, dose
insufficiency, drug–drug interaction, obesity,
smoking, diabetes, and renal failure. To accu-
rately reflect the degree of platelet inhibition
brought about by antiplatelet modification,
blood pressure, glucose level, and adherence
were assessed before patients underwent the
Verifynow P2Y12 test.

Platelet function testing is not recom-
mended in the current guidelines for the man-
agement of ischemic stroke or TIA [5], and it is
only recommended for high-risk patients with
cardiovascular diseases. Several studies have

demonstrated that high PRU values could pre-
dict thromboembolic events even in the
periprocedural stage. Despite sufficient intake of
dual antiplatelet therapy [43–45], there is a sig-
nificantly high proportion of patients with CR
who have high PRU values. Meanwhile, it was
reported that prophylactic clopidogrel therapy
may induce a potential increase in hemorrhagic
events in patients with low PRU values [46].
Depta et al. implied that increasing the dose of
antiplatelets would increase the risk of adverse
events [15]. There are few published studies
regarding the incidence of periprocedural
thromboembolic events after changing regimen
of dual antiplatelet therapy tends to decrease in
patients with CR [18]. Previous research showed
that 69% of patients with CR were treated with
increasing doses of up to 150 mg of antiplatelets
daily [47], which may reduce CR prevalence by
86.6% while having nonsignificant hemorrhage
(major bleeding events) as demonstrated by
clopidogrel responders and patients with CR.
Our results are comparable to that of a study on
antiplatelet therapy modification during the
endovascular perioperative period, which
showed that modification significantly reduces
the frequency of thromboembolic complica-
tions without increasing hemorrhagic compli-
cations at 3 months follow-up [17]. A PRU
cutoff value of 190 to guide antiplatelet modi-
fication is a feasible strategy to reduce adverse
clinical outcomes, with petechiae as the only
bleeding outcome in our study. Although the
cutoff values were derived from different sour-
ces, 190 was the most sensitive for antiplatelet
modification while demonstrating favorable
outcomes.

Previous research showed that long-term
(more than 90 days) high-dose antiplatelet
therapy did not decrease recurrent stroke but
increased bleeding [15]; hence, other drugs,
such as cilostazol or ticagrelor, should be selec-
ted to decrease the risk of adverse events
[48, 49].

To identify the most potent modifiable
antiplatelet drug to prevent recurrent ischemic
stroke while maintaining a low risk of bleeding,
a prospective cohort study should be con-
ducted. The strengths of our study include the
standardized data collection procedures,
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detailed information on possible confounding
factors, other treatments, and the use of the
validated clinical screening instrument Veri-
fynow P2Y12 platelet function test. The limita-
tion of this study is its nonrandomized design,
lack of causality, and small sample size.
Although a PRU value of less than 95, which has
a high risk of bleeding, is uncommon, bedside
testing and antiplatelet modification are useful
tools to prevent recurrent stroke.

CONCLUSION

Verifynow P2Y12 PRU-guided modification of
clopidogrel significantly reduced the incidence
of recurrent ischemic stroke.
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