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Variability of Platelet Reactivity on Antiplatelet Therapy  
in Neurointervention Procedure
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As more intracranial aneurysms and other cerebrovascular pathologies are treated with neurointervention procedure, 
thromboembolic events that frequently lead to serious neurological deficit or fatal outcomes are increasing. In order to prevent 
the thromboembolic events, antiplatelet therapy is used in most procedures including coil embolization, stenting, and flow 
diversion. However, because of variable individual pharmacodynamics responses to antiplatelet drugs, especially clopidogrel, it is 
difficult for clinicians to select the adequate antiplatelet regimen and its optimal dose. This article reviews the neurointervention 
literature related to antiplatelet therapy and suggests a strategy for tailoring antiplatelet therapy in individual patients undergoing 
neurointervention based on the results of platelet function testing. 
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INTRODUCTION

Nowadays, neurointervention is increasingly being per-

formed for the treatment of various cerebrovascular patholo-

gies. However, because of the inherent limitation of the neu-

rointervention procedure which is performed in the vessel, 

thromboembolic events which can lead to serious neurologi-

cal deficits, are also increasing especially during the peripro-

cedural period39). To prevent thromboembolic events, antico-

agulation is being used as a tradition of endovascular treatment 

for a long time. Heparin can inhibit coagulation system im-

mediately and effectively. In addition to anticoagulation, anti-

platelet therapy is also used as a standard measure to further 

reduce thromboembolic events. However, antiplatelet therapy 

was found to have individual variability in pharmacodynamic 

response. Particularly, the variability of platelet reactivity on 

antiplatelet therapy is now recognized as the main risk factor 

for serious vascular events3,45).

The effect of heparin can be instantly measured, and thus 

easily controlled within proper therapeutic levels. To reduce 

the treatment failure of antiplatelet therapy, the effect of anti-

platelet therapy also needs to be measured and controlled. 

Coronary intervention field initially accepted this approach 

and has published sufficient data to produce antiplatelet 

guidelines. Recently, this issue was also evaluated in many 

neurointervention studies including several prospective trials. 

Herein, we summarize these study data and suggest a strategy 

for tailoring antiplatelet therapy to individual patients under-
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going neurointervention.

ASPIRIN RESPONSE VARIABILITY

Aspirin inhibits platelet thromboxane A2 formation from 

arachidonic acid by irreversible acetylation of platelet cycloox-

ygenase 1 (COX-1). The term “aspirin resistance” generally re-

fers to the situation in which aspirin is unable to acetylate 

COX-16). It may result from reduced absorption and bioavail-

ability, in vivo inactivation, negative interactions with other 

substances, or polymorphism in COX-1. However, “true” as-

pirin resistance is known to be rare. In studies using a novel 

reference method that directly detects the acetylation or the 

lack of acetylation of platelet COX-1 by Western blotting, no 

patients was found with “true” aspirin resistance in healthy 

volunteers receiving low dose aspirin28,29).

High platelet reactivity on aspirin therapy does not reflect 

true aspirin resistance but describes a status of platelet hyper-

reactivity while on aspirin therapy. COX-1 inhibition by aspi-

rin affects only one of several pathways of platelet activation, 

and platelets with COX-1 inhibition can still be activated by 

other pathways. Therefore, routinely used platelet function 

tests show high inter- and intra-individual variability and 

considerable discrepancy is observed among results obtained 

by different tests. Furthermore, many clinical studies revealed 

no definite association between high on aspirin platelet reac-

tivity and clinical outcomes. Currently, the cardiology guide-

line does not recommend changes in aspirin therapy based on 

laboratory test results2,5,6,11,32,38).

In the neurointervention field, high on aspirin platelet reac-

tivity was evaluated in several studies including one prospec-

tive trial. In these studies, high platelet reactivity was observed 

in less than 15% of the patients receiving aspirin before neu-

rointervention12,14,21,30,33,35,40). However, thromboembolic events 

were found to be unrelated to high platelet reactivity on aspi-

rin therapy. Therefore, there is no evidence supporting platelet 

function testing for aspirin response and changes in aspirin 

therapy based on their results in the neurointervention proce-

dure.

CLOPIDOGREL RESPONSE VARIABILITY

Clopidogrel inhibits platelet aggregation by irreversibly 

binding to the P2Y12 subtype of the adenosine diphosphate 

receptor. It is an inactive prodrug that requires a complex en-

teric and hepatic metabolism. After enteric absorption, the 

majority of clopidogrel (up to 85%) is metabolized in the 

blood by esterase-1 to an inactive metabolite. The only re-

maining 15% are converted to active metabolite by two se-

quential oxidation steps by the cytochrome P450 (CYP) en-

zymes. CYP2C19 has the most prominent role and is involved 

in both steps. 

Numerous studies have revealed that the antiplatelet effect 

of clopidogrel varies considerably among patients. CYP en-

zymes are a large highly polymorphic family of mono-oxy-

genases. Among them, loss-of-function variants in the hepatic 

CYP2C19 significantly alter the metabolism of clopidogrel 

and resultant drug effect. Ethnic difference is also observed, 

whereby the proportion of patients with poor metabolism is 

reported to be less than 25% of all clopidogrel-treated patients 

in the Western population, but is up to 40–50% in the Asian 

population37,41). Drug-drug interactions also accounts for vari-

ability in response to clopidogrel. Especially, drugs related to 

CYP2C19 or CYP3A4 metabolism including calcium channel 

blockers, proton pump inhibitors, phenprocoumon, ketocon-

azole, antidepressants, and barbiturates may affect clopidogrel 

efficacy13,42).

Clopidogrel response can be phenotypically measured using 

the degree of platelet inhibition by laboratory tests. Platelet 

function test systems that are commercially available quantify 

the antiplatelet effect of clopidogrel by the use of platelet ag-

gregometry, f low cytometry, shear-dependent assays, platelet 

counting, or other related methods such as thrombelastogra-

phy. Traditionally, light transmittance aggregometry (LTA) 

has been used as the gold standard method. However, this 

method is not suitable for routine clinical examination, be-

cause it is time-consuming and requires intensive sample 

preparation. Moreover, its results are not instantly available. 

Therefore, the so-called ‘‘point-of-care’’ platelet function as-

says that provide rapid information for clinicians have been 

developed. The VerifyNow (Accumetrics, San Diego, CA, 

USA) is one of the most widely used point-of-care platelet 

function test systems. It has many advantages including full 

automation, use of a similar testing concept with LTA, good 
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reproducibility, bedside use, and small blood volume require-

ment15,16,36). More importantly, it has good correlation with 

LTA results15). Clopidogrel response is reported with P2Y12 re-

action units (PRU) on the VerifyNow system (Accumetrics) 

and categorized into high platelet reactivity (HPR; clopidogrel 

hypo-response), optimal platelet reactivity (OPR), or low 

platelet reactivity (LPR; clopidogrel hyper-response) according 

to the PRU cut-off value for each category. While % inhibition 

was previously provided as an additional testing result, manu-

facture currently does not recommend its use, because of the 

lack of association between % inhibition and clinical out-

comes.

VARIABILITY OF PLATELET REACTIVITY 
ON CLOPIDOGREL THERAPY AND CLINICAL 
EVENTS IN NEUROINTERVENTION PROCEDURE

The impact of variable platelet reactivity on clopidogrel 

therapy in patients undergoing neurovascular intervention 

has been analyzed in numerous studies. However, accurate 

comparison between the results of these studies is difficult, 

because of the variety of procedures, drug doses, study peri-

ods, and cut-off values for platelet reactivity. 

For thromboembolic events in coiling or stenting, some ret-

rospective studies showed no significant difference between 

patients with and without HPR on clopidogrel therapy27,34). 

However, the majority of studies found an apparent associa-

tion of HPR with thromboembolic events. Kang et al.22) re-

ported that high PRU value showed a significant tendency to-

ward thromboembolic events (<240 PRU, 4.3%; 240–284 

PRU, 2.2%; 285–332 PRU, 6.5%; >332 PRU, 17.0%; p=0.013). 

Fifi et al.14) found that HPR on clopidogrel therapy more fre-

quently led to stent thrombosis in coiling or carotid stenting 

(16.7% vs. 1.6%; p<0.01). Some authors evaluated high intensity 

lesions on diffusion weighted imaging (DWI) as a surrogate 

marker for thromboembolic events after the neurointerven-

tion procedure. Kim et al.24) reported that HPR on clopidogrel 

therapy had a significant correlation with the high intensity 

lesions on DWI after coil embolization, using logistic regres-

sion analysis (p=0.001). Asai et al.4) also reported that the high 

intensity lesions on DWI were more frequently found in pa-

tients with HPR (39.4% vs. 21.2%; p=0.01), although no sig-

nificant difference was found in symptomatic events between 

patients with and without HPR. Hwang et al.21) prospectively 

evaluated the thromboembolic event rate in patients undergo-

ing coil embolization and found that thromboembolic events 

more frequently occurred in patients with HPR than in those 

without HPR (11.1% vs. 1.0%; p=0.03).

Only a few studies have been carried out on bleeding events. 

Goh et al.17) reported that LPR on clopidogrel therapy (≥72% 

inhibition) was associated with increased bleeding risk 

(p=0.084). Kashiwazaki et al.23) found that the ≥74% inhibi-

tion as the threshold for bleeding events could highly predict 

bleeding events. Nishi et al.33) found that HPR (PRU ≤175) had 

a 2.8 times higher risk for bleeding events in coiling and ca-

rotid stenting.

Several studies focusing on flow diversion also reported the 

association of platelet reactivity with thromboembolic and 

bleeding events. Daou et al.9) revealed the higher rates of 

thromboembolic events in patients with PRU >150 and bleed-

ing events in those with PRU <70 in flow diversion procedure. 

Delgado Almandoz et al.10) reported that HPR (PRU >240) 

and LPR (PRU <60) on clopidogrel therapy led to increased 

numbers of thromboembolic and bleeding events in Pipeline 

placement, respectively. Tan et al.44) divided clopidogrel re-

sponse into two groups based on the 208 PRU value and eval-

uated thromboembolic events and high intensity lesions on 

DWI. While the overall thromboembolic events were more 

common in patients with PRU >208, no difference was ob-

served in the high intensity lesions between groups with PRU 

>208 and ≤20844).

PRU CUT-OFF VALUES FOR LPR, OPR, AND 
HPR IN NEUROINTERVENTION PROCEDURE

The therapeutic window of platelet reactivity has been pro-

spectively evaluated in numerous cardiology trials. A large 

meta-analysis of 17 studies including more than 20000 pa-

tients found an optimal range of platelet reactivity for the 

P2Y12 inhibitor, in which both clinical outcome and bleeding 

risk were lowest3). Current cardiology guideline defines LPR, 

OPR, and HPR categories as <95, 95–208, and >208 PRU for 

the VerifyNow test (Accumetrics)3,18).

In regard to target diseases and clinical events, neurointer-

vention apparently differs with coronary intervention. There-

fore, PRU cut-off values for neurointervention procedure 
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should be based on its own data. Nevertheless, most neuroin-

tervention studies simply applied the cut-off values for coro-

nary intervention without any validation. In a literature 

search, we found four neurontervention studies that were con-

ducted to find the optimal cut-off value for predicting throm-

boembolic events17,22,23,25). Two studies using the % inhibition 

of the VerifyNow P2Y12 test (Accumetrics) were excluded in 

our review. Kang et al.22) found ≥285 PRU as a cut-off value for 

defining HPR on clopidogrel therapy in the coiling procedure. 

Although sensitivity and specificity are generally used to de-

termine the best cut-off value in diagnostic test analysis, nega-

tive predictive value is important for interpreting the accuracy 

of the test in predicting thromboembolic events. While nega-

tive predictive value was not originally provided in their study, 

when calculated based on their reported data, it was 96.7%. 

This indicates that thromboembolic events can occur in 3.3% 

of patients who are identified as OPR using this cut-off value. 

They did not perform further validation study for this cut-off 

value, but reported a thromboembolic event rate of 6% in pa-

tients with OPR in their recent study using 285 PRU as the 

cut-off value8).

Kim et al.25) reported ≥220 PRU as a cut-off value for defin-

ing HPR in a post-hoc  analysis of their prospective data on 

coiling procedure. When using 220 PRU, the negative predic-

tive value was 99.1% (thromboembolic risk of 0.9% in patients 

with OPR). They also estimated prediction accuracy for 

thromboembolic events using Bayes’ theorem at various PRU 

cut-off values commonly used in most neurointervention 

studies. The estimated thromboembolic event rates were 

1.0%, 1.0%, 0.9%, 3.2%, and 3.2% at 208 (current cardiology 

guideline), 213, 220, 230, and 240 PRU (previous cardiology 

guideline). They also performed a prospective validation study 

and reported a thromboembolic event rate of 0.8% in patients 

with <220 PRU. In this review, we found that high PRU cut-

off values of more than 220 PRU have considerable thrombo-

embolic risk and low PRU cut-off values show unnecessary 

over-inhibition without additional benefit. Based on the cur-

rently available data, it is recommended that 220 PRU be se-

lected as the cut-off value for categorizing platelet reactivity 

on P2Y12 inhibitor therapy in HPR and OPR.

The optimal cut-off value for predicting bleeding events in 

the neurointervention procedure was evaluated in four stud-

ies. Two studies using % inhibition of VerifyNow P2Y12 test 

(Accumetrics) identified ≥72% and 74% inhibition as the cut-

off value for LPR17,23). Although these values showed good pre-

diction accuracy (area under curve [AUC] in receiver-opera-

tion curve analysis, 0.96 for ≥72% inhibition and 0.82 for 

≥74% inhibition), the use of % inhibition is no longer recom-

mended. In a retrospective study, it was found that a PRU val-

ue of ≤175 discriminated between patients with and without 

bleeding events (19.0% vs. 7.7%)33). However, because predic-

tion accuracy of this value was graded as poor (AUC, 0.63), 

this cut-off value appears to be difficult to apply in practice. 

Kim et al.25) conducted post-hoc analysis of a prospective trial 

and found that PRU value did not predict bleeding events. In 

this review, we therefore could not find optimal PRU cut-off 

value for predicting bleeding events in the neuintervention 

procedure. However, considering the potential bleeding risk, 

the use of a cardiology guideline (95 PRU) as the cut-off value 

for defining LPR is reasonable, although further studies are 

needed to address this issue3,18).

ANTIPLATELET THERAPY MODIFICATION 
BASED ON PLATELET FUNCTION TESTING

A retrospective study evaluated the effect of high dose clopi-

dogrel to overcome HPR in a neurointervention procedure14). 

Tailoring clopidogrel dose based on platelet function testing 

was found to reduce thromboembolic event rate (10.3% vs. 

4.5%), but this rate difference showed no statistical signifi-

cance. Based on this study, a prospective trial was performed 

to evaluate the effect and safety of antiplatelet therapy modifi-

cation for patients with HPR undergoing coil embolization for 

unruptured aneurysm21). High dose (300 mg) of aspirin was 

administrated in patients with HPR on aspirin therapy, and a 

loading dose (200 mg) of cilostazol was added to standard 

dual antiplatelet therapy in patients with HPR on clopidogrel 

therapy in the morning of the procedure day. The antiplatelet 

therapy modification was found to signif icantly reduce 

thromboembolic event rate (11.1% vs. 1.6%) without increas-

ing bleeding risk.

Several small-sized case series found that prasugrel or ti-

cagrelor could be used as an alternative to clopidogrel in pa-

tients with HPR on clopidogrel therapy undergoing various 

neurointervention procedures including coiling, f low diver-

sion, and stenting1,7,20,43). These studies reported high bleeding 

risk in patients receiving prasugrel, but no majority of bleed-
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ing occurred in the general coiling procedure, except for 

avoidable complications such as wire perforation and inaccu-

rate femoral puncture. Prasugrel was also prospectively evalu-

ated in coiling for intracranial aneurysm25). The loading dose 

(30 mg) of prasugrel was administrated for patients with HPR 

on clopidogrel therapy in the morning of the procedure day. 

Replacing clopidogrel with prasugrel in patients with HPR 

significantly reduced the thromboembolic event rate (12.3% 

vs. 0.8%), which was found to be similar to that (0.8%) in pa-

tients with OPR on clopidogrel therapy. It was also found that 

prasugrel did not increase bleeding risk. Recent retrospective 

studies comparing prasugrel with clopidogrel in coil emboli-

zation also found that prasugrel provided consistent platelet 

inhibition and did not increase bleeding risk8,19).

CONCLUSION

Current data on antiplatelet therapy in neurovascular inter-

vention is insufficient. However, there is significant evidence 

for the prognostic value of the platelet function test and the 

effect of antiplatelet therapy modification based on test re-

sults. Among the various antiplatelet drugs, clopidogrel re-

sponse variability is associated with clinical events, and thus 

platelet function testing for clopidogrel effect is needed before 

the neurointervention procedure. In particular, the VerifyNow 

P2Y12 test is useful in the evaluation of platelet reactivity on 

clopidogrel therapy and the modification of antiplatelet regi-

men, because of its ease of use and rapid feedback. The Veri-

fyNow aspirin test (Accumetrics) can be omitted.

The suggested strategy for tailoring antiplatelet therapy is 

summarized in Fig. 1. Platelet function testing is recommend-

ed one day before the neurointervention procedure. Modified 

antiplatelet regimen can be effective, if it is administered at 

least 2 hours before the procedure (usually in the morning of 

the procedure day). For patients with HPR (≥220 PRU), both 

adding cilostazol or replacing clopidogrel with prasugrel are 

effective. However, we recommend the use of prasugrel, be-

cause a high adverse event (headache) rate of cilostazol fre-

quently leads to low compliance. For patients with LPR (<95 

PRU), taking a half dose (37.5 mg) of clopidogrel every day is 

easier than taking one tablet (75 mg) every other day. Current 

evidence does not support re-checking platelet reactivity nor 

delaying the procedure until platelet reactivity reaches OPR 

level (95–219 PRU). This guideline mainly targets coil emboli-

zation for intracranial aneurysm, because most available data 

were obtained from studies on coiling procedure. Further re-

search is needed to develop guideline for antiplatelet therapy 

in stenting and flow diversion procedures.

Fig. 1. Suggested strategy for tailoring antiplatelet therapy based on 
results of the VerifyNow P2Y12 test (Accumetrics, San Diego, CA, USA). 
*When loading doses of aspirin and clopidogrel are used, VerifyNow 
P2Y12 is recommended 4 hours after administration. †For stenting for 
atherosclerotic stenosis or �ow diversion, a cardiology guideline (208 PRU) 
may be selected for dividing platelet reactivity into high and optimal 
categories. ‡Loading dose of prasugrel is based on pharmacodynamic 
studies for Korean population26,31,46). For patients with <60 kg or ≥75 
years, prasugrel 20 mg and 5 mg are recommended as loading and 
maintenance doses, respectively. §For patients receiving the procedure 
without stent placement, daily antiplatelet therapy is not generally 
recommended after procedure. PRU : P2Y12 reaction units.

Daily standard regimen (aspirin 100 mg+clopidogrel 75 mg) for at least 5 days*

VerifyNow P2Y12 test 1 day before procedure

Replacing clopidogrel
with prasugrel: aspirin
100 mg+prasugrel 30 mg‡

(loading dose)
or
adding cilostazol to
standard regimen: aspirin
100 mg+clopidogrel
75 mg+cilostazol 200 mg
(loading dose)

High platelet reactivity
(≥220 PRU†)

Optimal platelet reactivity
(95 –219 PRU†)

Low platelet reactivity
(<95 PRU†)

Replacing clopidogrel
with prasugrel: aspirin
100 mg+prasugrel 10 mg‡

or
adding cilostazol to
standard regimen: aspirin
100 mg+clopidogrel
75 mg+cilostazol 100 mg
bid

Maintaining standard
regimen: aspirin 100 mg+ 
clopidogrel 75 mg

Maintaining standard
regimen: aspirin 100 mg+
clopidogrel 75 mg

Reducing clopidogrel dose:
aspirin 100 mg+
clopidogrel 37.5 mg

Reducing clopidogrel dose:
aspirin 100 mg+
clopidogrel 37.5 mg

Tailored regimen in the morning of procedure

Daily regimen after procedure§
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