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ABSTRACT

BACKGROUND AND PURPOSE: Clopidogrel resistance is blamed for thromboembolic complications in neurovascular stent placement.
Platelet-function assays are weakly standardized. The aim of this study was to correlate the results of 3 different platelet-inhibition
measurements (from light transmission aggregometry, the VerifyNow P2Y12 test, and the Multiplate analyzer) and their relation to
periprocedural thromboembolic complications in elective neurovascular stent placement.

MATERIALS AND METHODS: Clopidogrel resistance was determined on the day of the intervention according to predefined platelet
reactivity cutoff values. All 3 tests were performed in 103 consecutive neurovascular stent-placement procedures in 97 patients (extracra-
nial, n � 77; intracranial, n � 26).

RESULTS: The clopidogrel resistance rates were 47.6% (light transmission aggregometry), 50.5% (VerifyNow), and 35.9% (Multiplate). In 67%
of the patients, clopidogrel resistance was present according to at least one method. The correlations of qualitative results that classified
a patient as responsive or resistant to clopidogrel were 67.9% for light transmission aggregometry with VerifyNow, 77.7% for light
transmission aggregometry with the Multiplate, and 66% for VerifyNow with the Multiplate. Periprocedural thromboembolic complica-
tions (n � 9) occurred more frequently in patients who were determined by all 3 methods to be clopidogrel resistant. The difference was
most pronounced with light transmission aggregometry (complication rates, 14.4% [clopidogrel-resistant patients] vs 3.7% [clopidogrel-
responsive patients]). Sensitivity and specificity rates of clopidogrel resistance in relation to embolic complications were, respectively, 78%
and 55% for light transmission aggregometry, 67% and 51% for VerifyNow, and 44% and 67% for the Multiplate.

CONCLUSIONS: Clopidogrel resistance is a frequent finding in patients who undergo neurovascular stent placement. The correlations
among the different testing methods are only modest and differ considerably. Light transmission aggregometry results seem to correlate
with thromboembolic complications more accurately than with VerifyNow and Multiplate point-of-care methods.

ABBREVIATION: LTA � light transmission aggregometry

In neurovascular procedures, especially the placement of a stent

into an extracranial or intracranial artery, clopidogrel resistance

is associated with an increased risk of thromboembolic complica-

tions.1-5 In elective neurovascular stent placement, preprocedural

testing of platelet inhibition is increasingly performed to iden-

tify patients with clopidogrel resistance. However, test result

standards for clopidogrel resistance have not been established,

and strong clinical evidence that supports the idea that the

results of such tests definitively alter clinical outcomes is still

lacking. Light transmission aggregometry (LTA) is considered

the criterion-standard test method, but standard values have

not yet been established. LTA requires a preparation time of 2

hours, whereas point-of-care methods such as the VerifyNow

P2Y12 assay (Accumetrics, San Diego, California) and imped-

ance aggregometry using a Multiplate analyzer (Dynabyte,

Munich, Germany) offer periprocedural test results within

minutes in the operating suite.6

A study comparing LTA with point-of-care measurements in

percutaneous coronary intervention has shown only modest agree-

ment among the different tests.7 In neurovascular procedures, clopi-

dogrel resistance has been investigated with various methods. How-

ever, a comparison of different test methods to determine the

correlation of their results with the occurrence of embolic complica-

tions has not yet been performed in the clinical context of neurovas-

cular stent placement.
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The purpose of this study was to determine the correlation of

platelet inhibition with clopidogrel according to 3 different test-

ing methods and the association of clopidogrel resistance with

thromboembolic complications in elective neurovascular stent

placement.

MATERIALS AND METHODS
Between September 2011 and August 2012, all consecutive pa-

tients who were undergoing elective intracranial or extracranial

stent placement for atherosclerotic stenosis or stent-assisted coil-

ing of intracranial aneurysms were included in this prospective

study. Patients who underwent extracranial stent placement re-

ceived local anesthesia, and those who underwent intracranial

stent placement were intubated and received general anesthesia.

Each patient received 100 mg of aspirin and 75 mg of clopidogrel

daily for 5 days before the procedure (n � 80) or a loading dose of

600 mg of clopidogrel the day before the procedure (n � 23).

Medication lists of the patients were reviewed before initiating

clopidogrel to ensure that they were not taking any drugs that

would potentially interact (eg, cytochrome P450 2C19 inhibitors,

including proton-pump inhibitors), because that would have af-

fected the results. The study was approved by the Ärztekammer

Hamburg ethical review board, and written informed consent was

obtained from each patient. Clopidogrel resistance was analyzed

in each patient on the day of the procedure by using LTA (induced

by 2 �mol/L adenosine diphosphate), the VerifyNow P2Y12 as-

say, and impedance aggregometry using a Multiplate analyzer.

LTA is a method that measures adenosine diphosphate–induced

platelet aggregation in platelet-rich plasma by changes in light

transmittance. Platelet-rich plasma is acquired by centrifuging

citrate-anticoagulated whole blood, which requires a preparation

time of 2 hours. The interpretation of the test results requires

standardization and a trained laboratory staff. The VerifyNow

system is a turbidimetric-based optical detection system that

measures platelet-induced aggregation as an increase in light

transmittance with citrate-anticoagulated whole blood. The Veri-

fyNow P2Y12 assay is a fast, standardized, point-of-care test that

does not require any special training for its performance. The

Multiplate analyzer detects platelet aggregation by measuring im-

pedance changes. Hirudin-anticoagulated whole blood is pipetted

into a test cell. Aggregation starts by adding the agonist adenosine

diphosphate. Pipetting is performed by an attached electronic pi-

pette. No trained staff is needed to perform the test. Clopidogrel

resistance was defined as follows: for the VerifyNow P2Y12 assay,

�236 P2Y12 reaction units; for LTA, �40% of maximal aggrega-

tion and disaggregation curve; and for the Multiplate, �40-U area

under the curve value. If 2 of the 3 methods indicated resistance,

the clopidogrel dose was increased to 150 mg daily after the pro-

cedure. Follow-up platelet-activity testing was not performed.

Clopidogrel was maintained for 2 months after the extracranial

procedures and 3 months after the intracranial stent-placement

procedures; aspirin was continued long term. The stent-place-

ment procedures were performed by 1 of 2 neurointerventionists

(A.L. or B.E.) with �15 years’ experience in neurointerventional

procedures, both of whom were certified in the stent arm of the

German Stent-Protected Angioplasty versus Carotid Endarterec-

tomy (SPACE) study. Neurologic examination was performed on

each patient promptly after the intervention and before discharge

by an independent neurologist. Each patient was monitored on a

stroke unit certified by the German Stroke Society for at least 24

hours. In case of a new neurologic deficit, MR imaging was per-

formed. A thromboembolic complication was defined as tran-

sient or persistent neurologic deficits associated with new DWI

lesions found on MR imaging. NIHSS and the mRS were used to

grade and follow up on neurologic deficits. After 3 months, clin-

ical follow-up was accomplished by a structured telephone

interview.

All statistical tests were performed with the use of SAS software

version 9.3 (SAS Institute, Cary, North Carolina). For correla-

tions between the continuous values of the 3 test methods, Spear-

man rank-order correlation (�) was used. A perfect monotonic

relationship is represented by a � value of 1 or �1. The clopidogrel

resistance status in each method was entered in a multiple logistic

regression model.

The sensitivity, specificity, positive predictive value, and neg-

ative predictive value of the 3 methods relating to the occurrence

of thromboembolic events were calculated by building contin-

gency tables.

Differences between categoric variables were evaluated with

the �2 test or with the Fisher exact test in case of small expected cell

frequencies. All P values were 2-sided. For all the statistical tests, a

P value of �.05 was considered significant.

RESULTS
During the study period, 107 patients underwent neurovascular

stent placement. Ten patients were excluded because of insuffi-

cient laboratory data or different antiplatelet therapy. The data

analysis included 103 procedures in 97 patients. The procedures

were stent placements for extracranial stenosis (n � 77) or intra-

cranial stenosis (n � 16) and stent-assisted intracranial aneurysm

coilings (n � 10). The mean patient age was 67.2 years; there were

64 male and 33 female patients.

Clopidogrel resistance was detected with LTA in 49 (47.6%)

measurements, with VerifyNow in 52 (50.5%) measurements,

and with the Multiplate in 35 (34%) measurements. The inci-

dences of clopidogrel resistance in the 3 tests are listed in Table 1.

In 33% of the measurements, all 3 tests indicated sufficient plate-

let inhibition; in the remaining two-thirds of the cohort, clopi-

dogrel resistance was found in at least 1 of the 3 methods, and in

42%, clopidogrel resistance was found in 2 of 3 assays. Concor-

dant clopidogrel resistance in all 3 methods was seen in 23% of the

measurements. According to the study protocol, 39 patients (43

procedures) received 150 mg of clopidogrel after the procedure.

The individual test results for each method are shown in Fig 1.

Correlation scatter plots of the test results are shown in Fig 2.

The statistical analysis revealed significant correlations among the

quantitative values for LTA with the Multiplate (� � 0.52; P �

Table 1: Incidence of clopidogrel resistance
Clopidogrel Status n %

Resistant according to:
�1 method 69 67
�2 methods 43 41.9
All 3 methods 24 23.3

Clopidogrel responsive according to all 3 methods 34 33
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.0001), LTA with VerifyNow (� � 0.33; P � .0008), and

VerifyNow with the Multiplate (� � 0.28; P � .0041). The corre-

lations of the qualitative classification of a patient as clopidogrel

responsive or resistant were 67.9% for LTA with VerifyNow,

77.7% for LTA with the Multiplate, and 66% for VerifyNow with

the Multiplate.

Nine thromboembolic events that led to major stroke (1 pa-

tient), minor stroke (4 patients), or TIA (4 cases) occurred during

the interventions. Thromboembolic complications occurred in 2

cases of stent-assisted aneurysm coiling, in 2 cases of extracranial

vertebral stent placement, and in 5 cases of extracranial carotid

stent placement. During the stent placements for intracranial ste-

nosis, no thromboembolic complications occurred. In all 4 pa-

tients with transient symptoms, postprocedural MR imaging de-

tected new DWI lesions. Additional TIAs without DWI lesions

did not occur. No delayed thromboembolic complications (be-

fore discharge) occurred in any patient.

One patient who experienced thromboembolic procedural

TIAs in 2 separate treatments of a symptomatic extracranial ICA

stenosis and a vertebral artery– origin stenosis was classified as

clopidogrel responsive by all 3 test methods in both stent-place-

ment procedures (Nr.53 and Nr.54 in Figures). In this patient, no

hematologic or anatomic abnormalities were found. In the re-

maining 7 complications, clopidogrel resistance was identified in

all cases by LTA, in 6 cases by VerifyNow, and in 4 cases by the

Multiplate. The correlations of the qualitative test results of each

method with the occurrence of thromboembolic complications

are listed in Table 2. Results of the statistical analysis of the qual-

itative test results in relation to thromboembolic complications

(yes/no) are shown in Table 2.

Follow-up data were available after 3 months for 75 patients

(81 stent-placement procedures), including all 39 patients whose

dosage of clopidogrel was doubled. Follow-up telephone inter-

views did not reveal any medication-noncompliance issues. Dur-

ing the follow-up period, 1 ipsilateral stroke and 3 ipsilateral TIAs

were detected. One postdischarge stroke occurred after ICA stent

placement in a patient (Nr.100) who was identified as clopidogrel

resistant by LTA alone and treated with 75 mg of clopidogrel after

the procedure. Three postdischarge TIAs occurred after extracra-

nial ICA stent placement. All 3 patients were identified as clopi-

dogrel resistant according to all 3 tests and were treated with 150

mg of clopidogrel after the procedure. A symptomatic bleeding

complication occurred in 1 patient suffering epistaxis and re-

quired embolization treatment; the patient recovered completely.

Neither stent thrombosis nor intracerebral bleeding was detected

in any patient.

DISCUSSION
To our knowledge, this is the first study to correlate 3 different

clopidogrel-reactivity assays in the clinical context of elective neu-

rovascular stent placement. In 67% of the patients, at least one test

method revealed clopidogrel resistance. The clopidogrel-respon-

sive status differed among the different methods for a consider-

able number of patients. Embolic complications occurred more

frequently in patients with clopidogrel resistance determined by

all 3 types of tests. The LTA results revealed a more accurate cor-

relation of clopidogrel resistance and thromboembolic complica-

tions than the VerifyNow and Multiplate point-of-care methods.

The rates of clopidogrel resistance differed among the Multi-

plate (36%), LTA (48%), and VerifyNow (50%) methods. These

FIG 1. Individual test results of VerifyNow (A), the Multiplate (B), and
LTA (C). The line parallel to the x-axis marks the particular cutoff
value that has been used to discriminate between clopidogrel resis-
tance and clopidogrel response. Procedures in which an embolic
complication occurred are indicated by plus signs. Embolic compli-
cations Nr.53 and Nr.54 occurred in a single patient with 2 subse-
quent treatments of a symptomatic ICA and vertebral artery steno-
sis, respectively. PRU indicates P2Y12 reaction units; MA, maximal
aggregation; AUC, area under the curve.
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data are in accordance with those of previous studies, which have

indicated clopidogrel-resistance rates from 37% up to 52% in

patients who were undergoing cerebrovascular stent place-

ment.2,5 The clopidogrel dosing schedule in our study was 75 mg

daily for 5–7 days before the intervention or a 600-mg loading

dose on the day before the intervention. A loading dose of clopi-

dogrel is usually given just 1 day before the procedure. Some cen-

ters, especially cardiology, recommend a loading dose of 300 – 600

mg of clopidogrel even 5 days before intervention. The relatively

low doses may explain the high percentage of clopidogrel-resis-

tant patients in comparison with that found in cardiology studies.

Analysis of the correlation of different test methods was per-

formed in one percutaneous coronary intervention study that

compared LTA, VerifyNow, and a vasodilator-stimulated phos-

phoprotein phosphorylation assay. The incidence of clopidogrel

resistance varied from 16% up to 39% in the patients. The level of

agreement between the assays was in the moderate-to-poor range,

with Spearman correlation coefficients between 0.60 and 0.86.7

Statistical analysis of the quantitative results in our study revealed

significant but poor correlations between the different types of

tests, with Spearman correlation coefficients between 0.28 and

0.52. In addition, the correlation of the qualitative classifications

of a patient as clopidogrel responsive or resistant was poor in our

study and ranged between 66% and 78% with the different mea-

surements. In accordance with the percutaneous coronary inter-

vention study by Gaglia et al,7 the results of our study underline

the fact that results of the different tests do not agree in a notable

number of patients.

Several studies have found a strong correlation of insufficient

clopidogrel-related platelet inhibition and an increased risk of

thromboembolic events in supra-aortic stent placement and in

cerebral aneurysm coiling.1,3-5,8 In line with the results of previ-

ous studies, we found increased complication rates in patients

with clopidogrel resistance as determined by all 3 methods, but

because of the small number of patients, the difference was not

statistically significant. In patients who were deemed clopidogrel

resistant by LTA, the complication rate was 14.3% (vs 3.7% of

clopidogrel-responsive patients). The discrepancies in complica-

tion rates between clopidogrel-resistant and -responsive patients

were less convincing with the VerifyNow (11.5% vs 5.9%, respec-

tively) and Multiplate (11.4% vs 7.5%, respectively) methods.

Hence, the statistical correlation of clopidogrel reactivity and the

occurrence of embolic complications indicates a higher sensitivity

for LTA (78%) than for VerifyNow (67%) and Multiplate (44%)

testing.

In the present study, 1 patient who suffered a procedural

thromboembolic TIA in 2 separate treatments of a symptomatic

extracranial ICA stenosis and a vertebral artery– origin stenosis

was classified as clopidogrel responsive by all 3 test methods in

both stent-placement procedures, indicating that clopidogrel re-

sistance is a major, but not the exclusive, factor of thromboem-

bolic complications. In the remaining 7 thromboembolic compli-

cations, LTA identified clopidogrel resistance in all cases,

VerifyNow in 6 cases, and the Multiplate in 4 cases.

The pharmacologic response of the P2Y12 receptor antago-

nists such as clopidogrel strongly depends on cytochrome P450

genetic polymorphism. Carriers of reduced-function CYP2C19

alleles have significantly lower levels of active metabolite, result-

ing in diminished platelet inhibition.9,10 The pharmacodynamic

process of converting the predrug into the active metabolite dif-

FIG 2. Correlation scatterplots of individual results obtained with
VerifyNow versus the Multiplate (A), the Multiplate versus LTA (B),
and VerifyNow versus LTA (C). Lines parallel to the axes mark the
particular cutoff values. The upper-right and lower-left quadrants
contain values with agreement in regard to the definition of clopi-
dogrel resistance. Procedures in which an embolic complication oc-
curred are indicated by plus signs.
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fers between clopidogrel and the newer generations of antiplatelet

agents such as the thienopyridine prasugrel. The conversion of

prasugrel to its active metabolite involves cytochrome P450 sub-

enzymes different than those involved by clopidogrel. The cyclo-

pentyltriazolopyrimidine ticagrelor is not a prodrug and does not

need cytochrome P450 – dependent conversion at all. In contrast

to clopidogrel, the common functional cytochrome P450 genetic

variants did not affect active drug metabolite levels and platelet

inhibition in patients treated with prasugrel in a cardiology study.

The complication rate in percutaneous coronary intervention was

not increased by any kind of cytochrome P450 gene variation in

patients who were treated with prasugrel.11

Because of the increased thromboembolic risk and unreliable

test results for clopidogrel resistance, neurointerventionists have

discussed the alternative application of these new antiplatelet

agents. However, in patients with acute coronary syndromes and

a history of stroke or TIA who were monitored over a time period

of 15 months, the rate of intracranial bleeding was found to be

2.3% among patients on aspirin and prasugrel compared with 0%

in the aspirin-plus-clopidogrel arm.12 According to this study,

prasugrel is contraindicated in patients with recent stroke or TIA

and cannot be used as an alternative to clopidogrel as a peripro-

cedural stent-placement medication for symptomatic extracra-

nial or intracranial stenosis, regularly associated with TIA or

stroke. In another recent study in which aspirin plus ticagrelor

versus aspirin plus clopidogrel were compared in patients with

acute coronary syndromes, a previous history of ischemic stroke

or TIA was identified as a significant risk factor for impaired clin-

ical outcome, but the bleeding rates in these high-risk patients

who received ticagrelor were consistent with those of the overall

trial population, and a favorable clinical benefit was found.13

In neurovascular stent placement, the alternative use of pra-

sugrel or ticagrelor may be indicated for patients with clopidogrel

resistance. Pilot studies have found contradictory results. In a

study that included 16 patients, prasugrel was found to be effec-

tive and safe for neurointerventional procedures.14 In another

study that included 67 patients in various clinical conditions, in-

cluding intracranial bleeding caused by arteriovenous malforma-

tion and aneurysm rupture, the use of aspirin and prasugrel in

clopidogrel-resistant patients was associated with an increased

risk of hemorrhagic complications over that of aspirin and clopi-

dogrel therapy (19.4% vs 3.6%, respectively; P � .02).15 Addi-

tional studies in the setting of neurovascular stent placement with

these alternative drug administrations and homogeneous study

conditions, including postprocedural platelet-inhibition testing,

are required.

Dose elevation to 150 mg of clopidogrel daily may be a treat-

ment alternative. In a recent study, the stroke rate after dose ad-

justment in clopidogrel-resistant patients declined to 4.5% com-

pared with the 10.3% stroke rate in those who received standard

clopidogrel treatment.5 In our study, preprocedural clopidogrel

treatment consisted of the standard 75-mg dosage. As a practical

approach to preventing delayed complications, the study protocol

dictated an increased dosage of 150 mg of clopidogrel after the

procedure if clopidogrel resistance was evident in at least 2 of the

3 assays. Thirty-nine patients were treated with 150 mg of clopi-

dogrel daily for 2 months after extracranial stent placement or for

3 months after intracranial stent placement. Follow-up platelet-

inhibition testing was not performed. Three patients suffered re-

current ipsilateral TIAs despite the increased clopidogrel dosage

during the follow-up period. Only one patient suffered epistaxis

and required embolization treatment. Neither intracranial bleed-

ing complications nor stent thrombosis occurred during the

3-month follow-up period. These observations provide a hint that

a regimen of 150 mg of clopidogrel daily does not increase the

bleeding risk but may not be effective in preventing delayed isch-

emic complications. However, our study was focused on peripro-

cedural complications, and the follow-up data are not sufficient to

draw any conclusions. Additional follow-up studies with alterna-

tive medication and continuous platelet-reaction measurements

are needed.

There are several limitations to this study. Thromboembolic

complications cannot be attributed only to insufficient platelet

inhibition by clopidogrel but are the result of various risk factors,

such as the degree of atherosclerosis, the configuration of the neu-

rovascular access, the experience of the neurointerventionist, and

low-aspirin-responder status. These factors were not analyzed

separately in our study. In addition, we included different types of

neurovascular stent-placement procedures with different risk

profiles, such as stent placement for extracranial and intracranial

stenoses and intracranial stent-assisted aneurysm treatment. A

control group did not exist. Clopidogrel dosages were not com-

pletely homogeneous in the patient cohort, and postprocedural

platelet-inhibition testing was not performed.

The strengths of our analysis were the consecutive assessment

of all patients, the treatment by only 2 experienced neurointer-

ventionists, and the comparison of 3 different test methods.

CONCLUSIONS
Clopidogrel resistance is a frequent finding in the clinical context

of neurovascular stent placement and seems to be associated with

an increased risk of thromboembolic complications. Different

testing methods correlate poorly with regard to quantitative and

Table 2: Correlation of clopidogrel test results and
thromboembolic events

Method
Total

(n)

No
Complications

(n [%])

Thromboembolic
Complication

(n [%])
P

Value
VerifyNow

Resistant 52 46 88.4 6 11.5 .6413
Responsive 51 48 94.1 3 5.9

Multiplate
Resistant 35 31 88.6 4 11.4 .5816
Responsive 68 63 92.7 5 7.5

LTA
Resistant 49 42 85.7 7 14.3 .0938
Responsive 54 52 96.3 2 3.7

Table 3: Relationship of clopidogrel resistance and
thromboembolic complications

Method
Sensitivity

(%)
Specificity

(%)

Positive
Predictive
Value (%)

Negative
Predictive
Value (%)

VerifyNow 66.7 51.1 11.5 94.1
Multiplate 44.4 67.0 11.4 92.7
LTA 77.8 55.3 14.3 96.3
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qualitative test results. LTA showed a better correlation between

clopidogrel resistance and thromboembolic complications than

the VerifyNow and Multiplate point-of-care methods.

Additional study with alternative periprocedural antiplatelet

drug management involving prasugrel or ticagrelor and close

clinical and continuous laboratory monitoring in neurointerven-

tional procedures is warranted.
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