Review Article

J Korean Neurosurg Soc 63 (5) : 539-549, 2020
https://doi.org/10.3340/jkns.2019.0082 pISSN 2005-3711 eISSN 1598-7876

The Efficacy of P2Y12 Reactive Unit to Predict the
Periprocedural Thromboembolic and Hemorrhagic
Complications According to Clopidogrel Responsiveness
and Safety of Modification of Dual Antiplatelet Therapy :
A Meta-Analysis

Hyun Jung Kim,' Jae Sang Oh,? Sukh Que Park,’ Seok Mann Yoon,? Hyeong Sik Ahn,' Bum Tae Kim*

Department of Public Health,” Graduate School of Korea University, Seoul, Korea

Department of Neurosurgery,” Soonchunhyang University Cheonan Hospital, Soonchunhyang University College of Medicine, Cheonan, Korea
Department of Neurosurgery,” Soonchunhyang University Seoul, Hospital, Soonchunhyang University College of Medicine, Seoul, Korea
Department of Neurosurgery,” Soonchunhyang University Bucheon Hospital, Soonchunhyang University College of Medicine, Bucheon, Korea

The efficacy of P2Y12 reaction unit (PRU) of VerifyNow still remains as a controversial issue in neurointervention. So we investigated
the usefulness of PRU of VerifyNow to predict the peri-procedural thromboembolic events (TE) and hemorrhagic events (HE). And
we evaluated the safety of modified dual antiplatelet therapy (DAPT) or triple antiplatelet therapy (TAPT) for clopidogrel hypo-
responders. We searched MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials, Web of Science and Scopus on
August 19 2018. Data was collected the 1) incidence of TE between clopidogrel responder and clopidogrel hypo-responder,
2) incidence of HE between clopidogrel hyper-responder and clopidogrel responder and hypo-responder, and 3) incidence of TE
and HE between modified DAPT or TAPT and standard DAPT in clopidogrel hypo-responder. High cut-off value of PRU was defined
as PRU >40% or <220. Fifteen studies were enrolled. Clopidogrel responder showed lower incidence of TE than hypo-responder
(risk ratio [RR], 0.32; 95% confidence interval [Cl], 0.17-0.61; p<0.001). With the high cut-off value of PRU, clopidogrel responder
showed more lower incidence of TE than hypo-responder (RR, 0.11; 95% Cl, 0.02-0.45; p=0.002). The incidence of periprocedural HE
have higher on clopidogrel hyper-responder than clopidogrel responder and hypo-responder (RR, 4.26; 95% Cl, 1.10-16.44; p=0.04;
I’=66%). The incidence of periprocedural TE after changing regimen of DAPT for clopidogrel hypo-responder have a tendency to
reduce, but there was no significant difference between modified DAPT or TAPT group and standard DAPT group (p>0.05). The
incidence of periprocedural HE after changing regimen of DAPT for clopidogrel hypo-responder was no significant difference
between modified DAPT or TAPT group and standard DAPT group (p>0.05). PRU is a useful tool as a predictor of peri-procedural TE
or HE on neurointervention. PRU has a threshold effect of cut-off value to predict the peri-procedural TE. Modified DAPT or TAPT to
prevent TE in clopidogrel hypo-responders could not reduce the incidence of TE. We should investigate the further research about
modification of regiment on neurointervention.
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INTRODUCTION

Thromboembolic events (TE) in neurointervention are the
most common complications and often result in severe mor-
bidity and mortality’”. Dual antiplatelet premedication thera-
py (DAPT) is considered as a practical method to reduce the
peri-procedural TE. Even if stent-assisted coiling is not per-
formed for an unruptured aneurysm, DAPT (100 mg of aspi-
rin and 75 mg of clopidogrel bisulfate daily) is recognized as a
standard regimen to reduce the TE?.

Currently, VerifyNow™ Assay (Accumetrics, San Diego,
CA, USA) is used worldwide as an effective and straightfor-
ward diagnostic tool to examine the degree of responsiveness
to clopidogrel treatment. Several studies have reported that
high P2Y12 reaction unit (PRU) level could predict the TE
during the peri-procedural stage and there are significantly
high prevalence (40-50%) of the proportion of clopidogrel
hypo-responders, who have high PRU level despite taking the
DAPT for a sufficient period of time!??**V, In addition, it has
been reported that the prophylactic therapy of clopidogrel
may induce an increase in the hemorrhagic events (HE) in pa-
tients with low PRU level*®.

Recently, several studies have reported that modified DAPT
(use of loading dose of clopidogrel or replacement of drug
from clopidogrel to prasugrel) or triple antiplatelet therapy
(new regimen with the addition of cilostazol to DAPT) for
clopidogrel hypo-responders is effective in reducing peri-pro-
cedural TE'>"#%_ However, it still remains as a controversial
issue in neurointervention. Therefore, we investigated the use-
fulness of PRU level, which was checked before the procedure,
as a tool to predict the peri-procedural complications (TE or
HE). Also, we studied clinical effectiveness and safety about
new regimen as modified DAPT or TAPT before performing

the procedure in clopidogrel hypo-responders.

METHODS

We used multiple comprehensive databases to evaluate 1)
the validity of PRU for predicting the peri-procedural TE &
HE. 2) the safety and efficacy of modified DAPT or TAPT on
clopidogrel hypo-responders based on PRU test before the ini-
tiation of the procedure. This study is based on the Cochrane
Review Methods".
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Data source & literature source

We searched MEDLINE, EMBASE, the Cochrane Central
Register of Controlled Trials (CENTRAL) Web of Science and
Scopus on August 19 2018. We set no restrictions on language
or year of publication in our search. And if publications were
not underwent on English, translation to English was done.

The following keywords and MeSH were searched through
Medline : aneurysm, stents, aspirin, clopidogrel, and platelet
aggregation inhibitors. See Supplementary material for the
comprehensive list. Search strategies were adapted for other
databases based on the MEDLINE strategy. After the initial
electronic search, we hand-searched further relevant articles
and the bibliographies from identified studies. Articles identi-
fied were assessed individually for inclusion in the present
study.

Study selection

The inclusion of the search results was independently de-
cided by two reviewers (JS Oh and HJ Kim) based on the se-
lection criteria. Study selection was made through two levels
of screening: At the first level, we screened titles and abstracts
of identified studies. At the second level, we screened the full
text. Studies were included in our meta-analysis if they in-
cluded all the four factors; 1) description of the results of PRU
for clopidogrel response on neurointervention, 2) description
of the clinical results of peri-procedural TE and HE of neuro-
intervention. Neurointervention comprising of stent-assisted
coil embolization and extracranial or intracranial stenting
were included, 3) description of the pre-medication with aspi-
rin, clopidogrel, cilostazol, and prasugrel, and 4) were pub-
lished in all languages. Studies were excluded from our study
if they included at least one; 1) they reported about the only
use of fow-diver stent, 2) another test method other than Veri-
fyNow for examination of antiplatelet reactivity, 3) other anti-
platelets or anticoagulants (ticagrelor, glycoprotein 1Ib/IIla in-
hibitors, etc.), and 4) studied without patients who performed
onstent-assisted coil embolization.

TE were defined as 1) in-stent thrombus or newly develop-
ing thrombus in parent artery in neurointervention during
the peri-procedural period, or 2) cerebral infarction diagnosed
clinically or by neuroimaging within one month after the pro-
cedure and associated neurological deterioration. But, the
non-symptomatic silent emboli on brain magnetic resonance

imaging were excluded??. HE was defined as the events which



occurred during the peri-procedural period according to
Thrombolysis in Myocardial Infarction bleeding criteria with-
in 30 days after neurointervention®. The peri-procedural pe-
riod was defined as the time from the initiation of the proce-
dure to one month after neurointervention. Table 1 showed
the new grouping for meta-analysis on this current study. To
evaluate the differences in the clinical outcome according to
the degree of PRU level (value or inhibition %), we divided In-
hibition group into the three subgroups; 1) moderate-inhibi-
tion group defined as patients who involved in a group with
low cut-off value of PRU >20% or <240 after DAPT therapy,
2) high-inhibition group defined as patients who involved in a
group with high cut-off value of PRU >40% or <220 after
DAPT therapy, and 3) very high-inhibition group defined as
patients who involved in a group with high cut-off value of
PRU >74% or <175 PRU value. We divided the patients who
enrolled on study of the efficacy of PRU to predict peri-proce-
dural TE into two groups as Inhibition group and No-inhibi-
tion group to evaluate the difference in the incidence of TE
between two groups. And we divided the patients who en-
rolled on study of the efficacy of PRU to predict peri-proce-
dural HE into two groups as inhibition group+no-inhibition
group and very high-inhibition group. To evaluate the safety
and availability of modified DAPT or TAPT for the no-inhi-
bition group, we investigated the incidence of peri-procedural
TE and HE between modified DAPT or TAPT group and
standard DAPT group

DATA EXTRACTION

The two reviewers independently extracted data from each
study using a predefined data extraction form. Any disagree-
ment unresolved based on discussion was further reviewed by
a third author.

The following variables were extracted from the studies :
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1) citation information (author and publication year), 2) demo-
graphic, clinical, and treatment characteristics (e.g., total sam-
ple size and number of patients in the intervention and control
groups), 3) the purpose and site of stent deployment (stent-as-
sisted coil embolization, extracranial carotid stenting, and in-
tracranial stenting), 4) cut-off value of PRU or inhibition per-
centage (%) in VerifyNow assay, and 5) the incidence of TE and
HE included during peri-procedural period (from initiation of
procedure to one month of post-procedural period).

The main outcome of our review was the differences in
1) the incidence of peri-procedural TE between inhibition
group and no-inhibition group after proper clopidogrel medi-
cation, 2) the incidence of peri-procedural HE between inhi-
bition group+no-inhibition group and very high-inhibition
group after proper clopidogrel medication, 3) the incidence of
peri-procedural TE between modified DAPT or TAPT group
to change the regimen for the no-inhibition group and stan-
dard DAPT group, and 4) the incidence of peri-procedural HE
between modified DAPT or TAPT group to change the regi-
men for no-inhibition group and standard DAPT group. Inci-
dence was expressed as a number (n). If data did not describe
insufficient in article, we sent the e-mail to corresponding au-
thor and then detailed data was obtained.

ASSESSMENT OF METHODOLOGICAL QUALITY

Two reviewers (J.S.0. and H.J.K.) independently assessed
the methodological qualities for each study using the Newcas-
tle-Ottawa quality assessment scale to assess the risk of bias in
cohort and case-control studies (Supplementary Table 1)'®.
Publication bias was assessable in a study of TE between no-
inhibition group and inhibition group (result 1). As our analy-
sis with 10 studies, there was no definite publication bias in

this current study (Supplementary Fig. 1).

Table 1. Grouping for meta-analysis according to cut-off level of PRU on VerifyNow assay

Cut-off level of PRU >74% or <175

>40% or <220

<20% or =240 <20% or >240

Traditional grouping Clopidogrel hyper-responder

New grouping for analysis Very high-inhibition group

Clopidogrel Responder Clopidogrel hypo-responder

Inhibition group No-inhibition group

High-inhibition cut-off ~ Moderate-inhibition cut-off

PRU : P2Y12 reaction unit
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STATISTICAL ANALYSIS

We conducted pooled analyses using the Mantel-Haenszel
method with random effects weighting for meta-analyses. For
binary outcomes, we calculated relative risks between the
groups and 95% confidence intervals (Cls). We included out-
comes reported by multiple studies that were sufficiently simi-
lar to justify our combination of results. We estimated patient
outcome measures after excluding studies with lower method-
ological quality or abstract only studies to check any changes
in the results. If there were no significant changes in the re-
sults after excluding low-quality studies (abstract only study),
then they were considered to be robust. If there were changes
in the results or differences in the conclusions, then they were
considered to have low stability. To estimate heterogeneity, we
estimated the proportion of between-study inconsistency due
to the presence of true differences between the studies (rather
than the differences due to random error or chance) using
the I statistic, with values of 25%, 50%, and 75% considered
as low, moderate, and high, respectively. We used Review
Manager (RevMan; Computer program), version 5.3 (The
Nordic Cochrane Centre, The Cochrane Collaboration, Co-

penhagen, 2014) for these analyses.

RESULTS

Searches of the databases resulted in 18997 articles. Of these
publications, 18848 articles were excluded as it was clear from
the title and abstract that they did not fulfill the selection cri-
teria. For the remaining 150 articles, we obtained full manu-
scripts and reviewed based on the scrutiny. Finally, fifteen po-
tentially relevant studies were identified (Fig. 1).

We included a total of 1826 cases in the present study (Table 2).
Of these, 1473 cases (81%) were of intracranial aneurysmal coil-
ing, 241 cases (16%) were of extracranial carotid stenting, and
112 cases (46%) were of intracranial stenting. Inhibition per-
centage of PRU was defined variously as percent inhibition as
less than 20% in three studies, less than 26% in one study, and
less than 40% in three studies. Inhibition value of PRU was also
defined variously as more than 175, 180°9, 213", 220%, 2302,
240%), and 285" in each study. Very high inhibition level of
PRU was defined as percent inhibition of more than 74% in

one study and less than 120°® of PRU value in one study.
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Result 1. The incidence of TE between inhibition
group and no-inhibition group (Fig. 2)

Eleven studies reported about the incidence of TE. However,
a study by Prabhakaran et al.>¥ was excluded as the number of
TE was 0 in both inhibition group and no-inhibition group.
Finally, 10 studies were enrolled in the meta-analysis. A cut-
off level of PRU for inhibition of platelet was defined as inhi-
bition percentage less than 20%, 26%, and 40% or as PRU
value more than 213, 230, 240, and 285. Based on the analysis
result of 10 studies, inhibition group showed the statistically
lower incidence of TE than no-inhibition group (risk ratio
[RR], 0.32; 95% CI, 0.17-0.61; p<0.001; >=3%).

As cut-off value or inhibition percentage was different in
each study, subgroup analysis was performed according to the
cut-off value of inhibition degree. Studies by Asai et al.? (230),
Kashiwazaki et al.? (26%), Drazin et al.'” (20%), Kang et al.2”
(285), Kim et al.*¥ (240), Nordeen et al.* (20%), and Song and
Shin* (240) were included in the Moderate-inhibition cut-off

Records identified through database searching
Medline (2533), EMbase (5555), Cochrane (608), Web of Science (1821), SCOPUS (8480)
Total (n=18997)

Duplicated (n=7255)
Unrelated title (n=8880)

\ 4

Abstract review
(n=2862) 2713 excluded
- Coronary stent
~| - Only carotid study
v - Only intracranial stent
Full-text review - Only flow-diverter
(n=149)
»| 134 excluded
v - Not reported clinical data
; - Not used VerifyNow
Study incluged - Used the other medication
(n=15) - Used the other test
- ETC (risk factor..)

v
Incidence of TE between clopidogrel responder vs. nonresponder (n=11)
Incidence of hemorrhage between clopidogrel responder vs. hyper-responder (n=2)
Incidence of TE between modified DAPT or TAPT vs. standard DAPT (n=4)
Incidence of hemorrhage between modified DAPT or TAPT vs. standard DAPT (n=3)

Fig. 1. Flow diagram showing the process of study selection. TE :
thromboembolic events, DAPT : dual antiplatelet therapy, TAPT : triple
antiplatelet therapy.



group >20% or <240). The studies by Lee et al.> (40%), Ryu et
al*¥ (40%), and Hwang et al."” (213) were included in the
high-inhibition cut-off group (>40% or <220) as they had rel-
atively high inhibition value for clopidogrel. In a subgroup
analysis of according to moderate-inhibition cut-off value, in-
hibition group showed the statistically lower incidence of TE
than no-inhibition group (RR, 0.43; 95% CI, 0.21-0.89;
Pp=0.02; I’=8%). In high-inhibition cut-off group, inhibition
group showed statistically lower incidence of TE than no-in-
hibition group (RR, 0.11; 95% CI, 0.02—0.45; p=0.002, I*=0).
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Result 2. The incidence of the HE between very
high-inhibition group and inhibition group+no-
inhibition group (Fig. 3)

The result of HE between the two groups was based on two
studies. Very high-inhibition group (>74% or <175) showed
the statistically higher incidence of HE compared to inhibi-
tion group-+no-inhibition group (RR, 4.26; 95% CI, 1.10—
16.44; p=0.04; *=66%).

Result 3. The incidence of thromboembolic events

between modified DAPT or TAPT group and stan-

dard DAPT group for no-inhibition group (Fig. 4)
TE result according to different regimen was four studies.

The cut-off value of PRU for clopidogrel resistance was de-

Table 2. Summary of basic characteristics of 15 studies included in the meta-analysis

Procedure type .
Stud Countr o Ar i Mean age (years) Female DM
y Y s Aneu‘r.ysmal ECS  ICS PRU ge ly!
coiling
T Leeetal™ (2008) Korea 98 62 1719 40% 5914158 72 NE
2 Prabhakaranetal” America 74 57 5 12 40% NE NE 6
(2008)
3 Kangetal”(2010)  Korea 186 186 0 0 285 583 +10.2 129 15
4 Ryuetal™ (2010) Korea 53 28 18 7 40% 603 +12 29 13
5  Drazinetal”(2010) America 52 28 B <20%  Total 62.6+14.0; responder (68.3+8.6); 32 15
hypo-responder (59.4+15.6)
6  Nordeenetal” America 81 40 0 4 <20%  Responder (66+13.1); hypo-responder 48 21
(2013) (61414.3)
7 Fifietal!” 2013) America 96 27 53 16 <20%  639+136 40 32
8  Kashiwazakietal”  Japan 66 31 35 0 26%,74% 631127 23 22
(2014)
9  Hwangetal.” Korea 228 228 0 0 126 DAPT for hypo-responder (59.6+8.68); 108 24
(2015) TAPT for hypo-responder (59.7+9.21)
10 Asaietal” 2015) Japan 189 189 0 0 230 Responder (59.5+10.2); hypo- 129 19
responder (60.6+11.3)
11 Nishietal™(2015)  Japan 279 174 105 0 <175 6474125 136 72
12 Wongetal® (2015 America 130 108 0 22 >180,<120 56.3+124 94 16
13 Songand Shin® Korea 923 93 0 0 240 Age >60 years; 35 patients 81 12
(2017)
14 Kimetal” (2017) Korea 175 175 0 0 220 DAPT for hypo-responder (59.6+8.71); 139 102
modified DAPT for hypo-responder
(60.110.52)
15 Kimetal.”’ (2018) Korea 47 47 0 0 240 Responder (55.27+11.49); 31 6

hypo-responder (59 £10.71)

ECS : extra-cranial stenting, ICS : intra-cranial stenting, PRU : P2Y12 reaction unit, DM : diabetes mellitus, NE : not estimated, DAPT : dual antiplatelet

therapy, TAPT : triple antiplatelet therapy
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Inhibition group No-inhibition group Risk ratio Risk ratio
Study or subgrup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.1.1 High inhibition =40% or PRU <220i
Lee et al.”® (2008) 0 56 3 42 4.5% 0.11(0.01,2.03) 4
Ryu et al.*” (2010) 0 20 5 33 4.8% 015 (0.01,2.53) +
Hwang et al.® (2015) 1 102 7 63 8.9% 0.09(0.01,0.70)
Subtotal (95% Cl) 178 138 18.3% 0.11(0.02, 0.45) =S
Total events 1 15
Heterogeneity : Tau’=0.00, chi’=0.08; df=2 (p=0.96), ’=0%
Test for overall effect : Z=3.02 (p=0.002)
1.1.2 Mederate inhibition >20% or PRU <240
Asai etal? (2015) 6 123 2 66 15.2% 1.61(0.33,7.75) e
Drazin etal.” (2010) 0 33 1 19 3.9% 0.20 (0.01,4.59) b
Kang et al.?” (2010) 2 47 12 139 17.5% 0.49 (0.11,2.12) —_—
Song and Shin® (2017) 0 31 3 62 4.5% 0.28 (0.01,5.28)
Kashiwazaki et al.” (2014) 4 47 9 19 32.2% 0.18 (0.06, 0.51) ——
Kim et al.* (2018) 1 37 0 10 4.0% 0.87 (0.04, 19.85)
Nordeen et al.*® (2013) 2 64 0 17 4.4% 1.38(0.07,27.57)
Subtotal (95% Cl) 382 332 81.7% 0.43 (0.21,0.89) o
Total events 15 27
Heterogeneity : Tau’=0.09, chi’=6.55; df=6 (p=0.36), I’=8%
Test for overall effect : Z=2.28 (p=0.02)
Total (95% Cl) 560 470 100.0% 0.32 (0.17,0.61) A
Total events 16 42
Heterogeneity : Tau’=0.03, chi’=9.27; df=9 (p=0.41), ’=3% f t t 1
Test for overall effect : Z=3.52 (p=0.0004) 0.01 041 1 10 100
Test for subgroup differences : chi*=2.82; df=1 (p=0.09), I’=64.6% Favours (experimental)  Favours (control)

Fig. 2. Comparison of thromboembolic events between no-inhibition group and Inhibition group after dual antiplatelet medication. Cl : confidence

interval, PRU : P2Y12 reaction unit.

Inhibition+no-inbihitiion

Very high-inbihition group group Risk ratio Risk ratio
Study or subgrup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Kashiwazaki et al.”" (2014) 6 15 2 51 38.3% 10.20 (2.29, 45.40) —
Nishi et al.”® (2015) 16 84 15 195 61.7% 2.48 (1.28,4.77) ——
Total (95% CI) 99 26 1000% 4.26 (110, 16.44) s
Total events 22 17 ) . ) .
Heterogeneity : Tau’=0.66, chi’=2.90; df=1 (p=0.09), [*=66% ! ' ' J '
Test fo? overzll effect : Z=2.10 (p=0.04) v ! 0.01 01 f 10 100
T ’ Favours (experimental)  Favours (control)

Fig. 3. Comparison of hemorrhagic events between very high-inhibition
Cl: confidence interval.

fined as less than 20% inhibition percentage in one study or
more than 180, 213, 220 PRU value in three studies. In the
studies by Hwang et al.””, in TAPT group, 200 mg of cilostazol
was added before the procedure for clopidogrel hypo-respond-
er group with more than 213 value of PRU. The study by Fifi
et al.’? was a case-cohort study and in modified DAPT group,
the inhibition percentage of PRU was attempted to be adjusted
to be more than 20% by adding more clopidogrel in clopido-
grel hypo-responder group. In the study by Wong et al.*®, in
modified DAPT group, the PRU value was attempted to be
adjusted from 120 to 180 by doubling the dose of clopidogrel
in clopidogrel hypo-responder group. In the study by Kim et
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group and inhibition+no-inhibition group after dual antiplatelet medication.

al.”?, in modified DAPT group, 10 or 5 mg of prasugrel was
replaced from clopidogrel before the procedure for clopidogrel
hypo-responder group with more than 220 value of PRU.
Subgroup results divided based on study design were as fol-
lows; 1) in the study by Hwang et al.”” which was an random-
ized control study (RCT), TAPT group exhibited a tendency
to decrease the incidence of TE (RR, 0.14; 95% CI, 0.02-1.13;
p=0.06). In three non-randomized studies (NRS), modified
DAPT group had no significant different of TE than standard
DAPT group (RR, 0.32; 95% CI, 0.09-1.18; p=0.09; 1>=41%).



Efficacy of P2Y12 Reactive Unit | Kim HJ, et al.

Modified DAPT/TAPT Standard DAPT Risk ratio Risk ratio
Study or subgrup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
211.RCT
Hwang et al.® (2015) 1 63 7 63 100.0% 014 (0.02,1.13) l
Subtotal (95% Cl) 63 63 100.0% 0.14(0.02,1.13)
Total events 1 7
Heterogeneity : not applicable
Test for overall effect : Z=1.85 (p=0.06)
21.2.NRS
Kim et al.?® (2017) 1 118 7 57 26.4% 0.07 (0.01, 0.55) 4 =
Fifi et al.” (2013) 2 47 5 49 36.4% 0.42 (0.09, 2.05) —_—
Wong et al.*® (2015) 2 40 6 90 37.2% 0.75 (0.16, 3.56) ——
Subtotal (95% Cl) 205 196 100.0% 0.32 (0.09, 1.18) = AR e
Total events 5 18
Heterogeneity : Tau’=0.55, chi’=3.42; df=2 (p=0.18), ’=41%
Test for overall effect : Z=1.71 (p=0.09)

0.01 01 1 10 100

Test for subgroup differences : chi’=0.43; df=1 (p=0.51), ’=0%

Favours (experimental) ~ Favours (control)

Fig. 4. Comparison of thromboembolic events between modified DAPT/TAPT and standard DAPT after VerifyNow. DAPT : dual antiplatelet therapy,
TAPT : triple antiplatelet therapy, Cl : confidence interval, RCT : randomized control study, NRS : non-randomized studies.

Modified DAPT/TAPT Standard DAPT Risk ratio Risk ratio
Study or subgrup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
2.21RCT
Hwang et al.® (2015) 6 63 4 63 100.0% 1.50 (0.44, 5.06) —t
Subtotal (95% Cl) 63 63 100.0% 1.50 (0.44, 5.06)
Total events 6 4
Heterogeneity : not applicable
Test for overall effect : Z=0.62 (p=0.51)
21.2.NRS
Kim et al.® (2017) 5 118 4 57 31.3% 0.60 (0.17, 2.16) —_—a—
Wong et al.*® (2015) 6 40 16 90 68.7% 0.84(0.36, 2.00)
Subtotal (95% Cl) 158 147 100.0% 0.76 (0.37, 1.55) i
Total events 1 20

Heterogeneity : Tau’=0.00, chi?=0.18; df=1 (p=0.67), ’=0%
Test for overall effect : Z=0.75 (p=0.45)

Test for subgroup differences : chi’=0.89; df=1 (p=0.34), [2=0%

0.01 01 1 10 100
Favours (experimental) ~ Favours (control)

Fig. 5. Comparison of hemorrhagic events between modified DAPT/TAPT and standard DAPT after VerifyNow. DAPT : dual antiplatelet therapy, TAPT :
triple antiplatelet therapy, Cl : confidence interval, RCT : randomized control study, NRS : non-randomized studies.

Result 4. The incidence of HT between modified
DAPT or TAPT group and standard DAPT group
for no-inhibition group (Fig. 5)

This HE result was based on three studies. On both RCT
and NRS, the incidence of HE was no significant difference
between modified DAPT or TAPT group and standard DAPT
group (p>0.05)"*2%.

DISCUSSION

Our results showed that incidence of TE during the peri-
procedural period on neurointervention significantly in-
creased when the patient showed clopidogrel resistance in
VerifyNow with low heterogenesity (I>=3%). And incidence of
HE during the peri-procedural period significantly increased
when the patient showed clopidogrel hyper-responder in Veri-
tyNow, despite this result 2 had moderate heterogenesity
(I’=66%).

We could find that PRU of VerifyNow can be a good pre-
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dictor of peri-procedural complications in neurointervention.
In addition, based on the results of subgroup analysis about
the incidence of TE according to changes in PRU cut-off val-
ue, the incidence of TE was significantly more decreased when
the studies was enrolled with high inhibition cut-off value
(>40% or <220). In other words, in periprocedural TE of neu-
rointervention, threshold effect was evident according to the
cut off value depending on the degree of inhibition.

On result 3, four studies compared the results of TE accord-
ing to the changes in the regimen of antiplatelet therapy due to
clopidogrel resistance. According to research design, one study
was an RCT and the other three studies were NRS. RCT
showed that TAPT group had a relatively lower incidence of
TE (p=0.06). In addition, NRSs showed the modified DAPT
had a tendency to reduce the incidence of TE with statistical
significance (RR, 0.32; p=0.09). However, there was no signifi-
cantly different between modified DAPT or TAPT group and
Standard DAPT group. It is possible that lack of studies reflect
these results. RCT was only one Hwang's study and three NRS
also had a different regimen protocol.

On result 4, the modifications to modified DAPT or TAPT
regimen for clopidogrel hypo-responder did not significantly
increase HE during peri-procedure. So, modified DAPT or
TAPT is a useful and safety regimen for clopidogrel hypo-re-
sponder to reduce the TE without increasing the HE during
peri-procedure.

The results of cardiology study underwent RCT showed the
similar result with our study. Gauging Responsiveness with A
VerifyNow Assay-Impact on Thrombosis and Safety (GRAVI-
TAS) trial in cardiology also showed that clopidogrel resis-
tance according to PRU level increases myocardiac infarction
and thromboembolic risk*?. Furthermore, this trial concluded
that there was no significant difference between the standard
and high-dose clopidogrel group in terms of reduction in the
incidence of stent thrombosis or death due to cardiovascular
disease or nonfatal myocardial infarction. In addition, the
doubling or addition of drugs did not increase intracranial
bleeding or severe bleeding events on GRAVITAS trial*?. The
Assessment by a Double Randomization of a Conventional
Antiplatelet Strategy versus a Monitoring-guided Strategy for
Drug-Eluting Stent Implantation and of Treatment Interrup-
tion versus Continuation One Year after Stenting (ARTIC)
study also reported that antiplatelet adjustment using platelet-

function testing before and after coronary stenting did not

546 https://doi.org/10.3340/jkns.2019.0082

improve the clinical outcome in patients exhibiting antiplate-
let poor response®. In addition, a report published by the Eu-
ropean Society of Cardiology revealed that there was no evi-
dence that testing and modifying the antiplatelet medication
before coronary interventions lead to improvements in the
outcomes™. This study was only enrolled in neurointerven-
tion procedure (aneurysm coiling and extra- and intra-carotid
stenting). Our result showed that despite the effectiveness of
PRU on neurointervention is very reliable to predict peripro-
cedural complications, modification antiplatelet regimen ac-
cording to PRU did not affect the periprocedural TE or HE.
This result should be further investigated with more RCT
with same protocols such as same PRU, same procedure.

Clinically, we presume that various factors could affect
clopidogrel resistance to control clopidogrel resistance and
many complex and organic pathways may affect by each steps
on coagulation pathway. Recently, diabetes and current ciga-
rette smoking behavior have been studied not only as impor-
tant risk factors for stroke but also as the factors affecting the
antiplatelet effect of clopidogrel. The clopidogrel resistance in-
duced by diabetes mellitus could be explained based on two
mechanisms; first, insulin reduces platelet aggregation by in-
hibition of the P2Y12 pathway, so diabetic patients with a ten-
dency of up-regulation of P2Y12 sensitivity experience high
platelet reactivity; and second, diabetes mellitus is an impor-
tant risk factor for chronic kidney diseases, and chronic kid-
ney diseases are related to high platelet reactivity"'V. Cigarette
smoking has a debating on clopidogrel resistance. Although
cigarette smoking is the main risk factor for cardiovascular
events, cigarette smoking is a known inducer of CYP1A2,
which is the isoenzyme for the oxidative step in the conver-
sion of clopidogrel into the active metabolite. Therefore, it has
been reported that smokers have lower clopidogrel resistance
and higher bleeding risk compared to non-smokers***”.

In addition, many other genetic aspects associated with
clopidogrel resistance have been discussed. Carriers of the re-
duced-function CYP2CI19 allele are at a greater risk of devel-
oping resistance to clopidogrel'>*®. Also, it has been reported
that the frequency of carrying reduced-function CYP2C19 al-
lele is not rare in the Asian population, and this fact supports
that Asians have a high percentage of clopidogrel hypo-re-
sponder. Escalating Clopidogrel by Involving a Genetic Strate-
gy-Thrombolysis In Myocardial Infarction 56 (ELEVATE-
TIMI 5627) study failed to improve platelet inhibition in



cardiovascular patients with CYP2C19*2 heterozygote after
high dose clopidogrel therapy”. Many studies suggested that
the use of other drug with another mechanism of action such
as cilostazol or prasugrel, and ticagrelor might be a good op-
tions to prevent the TE>1>1519),

Stent-assisted coiling or the use of flow-diverter stents have
been increasing nowadays. Whereas studies on the use of
modified DAPT or TPAT regimen to prevent TE are rare in
neurointervention. Therefore, further research on this topic
involving RCT should be undertaken.

This study has several limitations. First, a cut-off value of
PRU was different for each study. Although each study pro-
vides reasonable criteria based on the cardiology study or oth-
er prior criteria, no absolute cut off value in neurointervention
has been determined yet. So, we performed subgroup analysis,
which revealed that the incidence of TE had threshold effect
according to the cut-off level of PRU. Second, we excluded the
case of the flow-diverter stent which has been recently em-
ployed as a new neurointervention device. As flow-diverter
stents have higher metal coverage, it is more thrombogenic
than other stents. Additionally, the flow-diverter stent is not
widely used yet and it usually has a different treatment indica-
tion such as a large or a recurrent aneurysm. Accordingly, we
excluded the studies on flow-diverter stent because of the pos-
sible heterogeneity in the current study®”**®. Third, on result
3 and 4 about modification of regimen DAPT for hypo-rep-
sonder of clopidogrel, only one RCT was found. So, the study

about modification of regimen DAPT should be investigated.

CONCLUSION

As a predictor of peri-procedural TE or HE of neurointer-
vention, PRU level through VerifyNow is a very useful and ef-
fective tool. In addition, in periprocedural TE of neurointer-
vention, higher inhibition of clopidogrel result the lower peri-
procedural TE with threshold effect according to the cut off
value depending on the degree of inhibition. Modified DAPT
or TAPT to prevent TE in clopidogrel hypo-responders could
not reduce the incidence of TE. Additional research is needed
on this topic and other mechanisms involved in genetic study

or other risk factors should be further investigated.
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