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BACKGROUND AND PURPOSE: Clopidogrel and aspirin are antiplatelet medications used in patients
intended for endovascular stent placement. Although various studies have investigated individual
responsiveness to clopidogrel in patients undergoing coronary interventions, there are no studies
regarding patients undergoing stent placement of supra-aortic arteries supplying the brain. We ana-
lyzed platelet function in a near-patient setting to determine the effects of antiplatelet treatment in
neurologic patients and correlated the results with clinical outcome after stent placement.

MATERIALS AND METHODS: The platelet function of 50 consecutive patients scheduled for neuroin-
terventional stent placement procedures was assessed by using point-of-care testing. All of the
patients had symptomatic arteriosclerotic lesions. Clopidogrel effects were tested by impedance
aggregometry. Fifty healthy blood donors without clopidogrel medication served as the control group.

RESULTS: Reference values for responders and nonresponders were established from the results of
the healthy control group. Fourteen (28%) of 50 neurologic patients were stratified as clopidogrel
nonresponders. Adverse events were registered in 5 (10%) of 50 patients, 1 of them with a permanent
neurologic deficit (1 of 50 [2%]). All 5 of the patients with adverse events were nonresponders. There
was a statistically significant correlation between adverse events and clopidogrel nonresponse (Fisher
exact test, P � .001).

CONCLUSION: A significant rate of clopidogrel nonresponders could be identified in the treated
patients. Our data strongly suggest a correlation of insufficient clopidogrel-related platelet inhibition
with an increased risk of thromboembolic events in supra-aortic stent placement.

Clopidogrel is an effective and specific inhibitor of ADP-
induced platelet aggregation. Clopidogrel, together with

aspirin, is routinely used in patients intended for coronary
stent placement, as well as extracranial and intracranial stent
placement of supra-aortic vessels. Recently, considerable dif-
ferences in the responsiveness to clopidogrel medication have
been found in cardiology patients and control subjects.1-4 Dif-
ferent studies report nonresponse rates from approximately
5%5,6 to more than 30%.7,8 The underlying mechanisms of
this phenomenon are not well understood. Variable defini-
tions of “resistance” and a multiplicity of different testing
methods contribute to the complexity of this issue.9 Genetic
defects of the ADP receptor do not seem to play a major role in
this phenomenon.10,11 Therefore, it is probable that individual
differences in clopidogrel absorption and metabolization
cause the wide range in response.

Low response to antiplatelet therapy is known to be a risk
factor for the development of ischemic complications in pa-
tients undergoing coronary stent placement.12-15 Fiorella et
al16 reported in their study of intracranial stent placement that
a large proportion of patients with symptomatic intracranial
stenosis had antiplatelet therapy failure at the time of the pre-
therapeutic clinical event. However, to date there are no stud-

ies investigating the influence of clopidogrel nonresponse on
complication rates in neurovascular stent placement.

We measured platelet function of 50 consecutive patients
undergoing supra-aortal stent placement procedures in a
near-patient setting and correlated the findings with the clin-
ical outcome. Healthy blood donors served as control subjects.

Patients and Methods

Impedance Aggregometry
Platelet function in whole blood was measured by using impedance ag-

gregometry (Multiplate analyzer; Dynabyte Medical, Munich, Germa-

ny).17,18 The analysis is performed in a single-use test cell, which incor-

porates 2 independent impedance sensors. For the analysis, 300 �L of

saline and 300 �L of patient blood (anticoagulated with direct thrombin

inhibitor hirudin, 25�g/mL, Dynabyte Medical) are pipetted into the test

cell. Pipetting is performed by an attached electronic pipette. The agonist

(6.4 �mol/L of ADP, ADPtest; Dynabyte Medical) is added, and real-

time recording starts. During 6 minutes, the ability of platelets to adhere

to the metal sensors is detected. The adhesion and aggregation of platelets

are logged by measuring the impedance change. The resistance change is

transformed to arbitrary aggregation units (AUs) and plotted against

time. The area under the aggregation curve (AUC) is used to quantify the

aggregation response and is expressed in units (U; 1 U corresponds with

10 AU*min). The results shown represent the mean value of the 2 deter-

mined AUC values.

The analysis was performed inside the angio suite. The instrument

and all of the reagents are commercially available.17

Patients and Control Subjects
Fifty consecutive patients who were on clopidogrel medication before

neurovascular intervention were prospectively tested and included in
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the registry. Thirty-four patients (68%) had extracranial vessel steno-

sis, and 16 (32%) had intracranial stenosis. All 50 of the patients were

symptomatic due to their stenosis before interventional therapy.

Mean modified Rankin Score (mRS) on admission was 1.2 (SD, 1.3).

Forty-one patients (82%) had a score of 2 or less, and 9 (18%) had a

score of 3 or 4. For details, see Tables 1 and 2.

Testing was performed in the angio suite before the procedure. All

50 of the patients received a loading dose of 300 mg of clopidogrel at

least 12 hours before the intervention and after loading were treated

with 75 mg/day continuously. Thirty-three patients (67%) received

the loading dose on the evening before the intervention. In 7 patients

(15%), clopidogrel therapy was initiated more than 48 hours before

stent placement. In 2 patients, the initiation of the clopidogrel therapy

preceded the intervention by more than 2 weeks but could not be

determined exactly. Treatment intervals before stent placement

(mean, minimum, and maximum) are given in Table 1.

All of the patients received 100 mg of aspirin per day according to

the usual protocol. Stent placement was performed under activated

clotting time (ACT) controlled heparinization with ACT values of

200 –300 seconds. Thromboembolic complications during the inter-

vention or transischemic attack (TIA) or stroke within the following

30 days (primary end point) were summarized as adverse events.

A control group of 50 healthy blood donors without clopidogrel

medication was analyzed by using the identical procedure as the

treated patients. Demographic data are shown in Table 2.

Statistical Analysis
Statistical data analysis on treated patients was done with SPSS (SPSS,

Chicago, Ill) by using the Fisher exact test and logistic regression

analysis.

The study was approved by our institutional review board in ac-

cordance with the Declaration of Helsinki. Patients included in the

study gave their written informed consent.

Results

Platelet Function Analysis
The test results for both groups are shown in Table 2. The
mean aggregation in healthy blood donors as measured by the
multiplate analyzer was approximately 3 times as high as in the
treated patients taking clopidogrel. The fifth percentile (52 U)
of the aggregation in the control group of healthy blood do-
nors was selected as the cutoff for a nonresponse in patients
taking clopidogrel. Patients under medication showing higher
aggregation values than this arbitrary cutoff at 52 U were,
therefore, classified as nonresponders. Results of both groups,
including the cutoff for nonresponse at 52 U, are shown in
Fig 1.

Fourteen (28%) of 50 patients had an aggregation activity
over 52 AU and were classified as nonresponders. Ten (72%)
of 14 of the nonresponders were loaded only 12 hours before
stent placement, 2 (14%) of 14 nonresponders 2 days, and 2
(14%) of 14 nonresponders 9 or more days before the proce-
dure. Individual results are shown in Fig 2.

Adverse Events
Five patients suffered from some type of adverse event: 2 de-
veloped transient intrainterventional thrombosis (Nos. 2 and
5), and 3 suffered from TIA or infarction (Nos. 3, 4, and 6).
The patients marked with 2 (aggregation, 85 U) and 5 (aggre-
gation, 69 U) in Fig 2 had adverse angiographic events without
clinical deficits.

In patient 2, progressive clot formation was seen within the
carotid stent at the end of the procedure (Fig 3A). Clotting
could be dissolved by administration of a standard dose of

Table 1: Clinical and anatomic data of neurologic patients

Clinical data Number (N � 50) (%)
Stroke 31 62%
TIA 19 38%

Location of stenosis Intracranial (n) Extracranial (n)
ICA 2 31
VA 2 3
BA 12 0
Total 16 (32%) 36 (68)

Clopidogrel loading [h] pre-intervention
Mean 47 � 88
Minimum/maximum 6† (min) 408* (max)

Note:—TIA indicates transient ischemic attack; ICA, internal carotid artery; VA, vertebral
artery; BA, basilar artery.
* The exact date of the beginning of the clopidogrel medication could not be determined
in 2 patients, but was more than 14 days.
† One patient (No. 1) was loaded twice, 12 and 6 hours before the stenting.

Table 2: Demographic data, medication, and aggregation of control
subjects and neurologic patients

Variable
Healthy Blood

Donors
Neurologic

Patients
Age, mean � SD, y 41 � 18 65 � 8
Male, n (%) 30 (60) 36 (72)
Female, n (%) 20 (40) 14 (28)
Clopidogrel, n (%) 0 0
ASA � clopidogrel, n (%) 0 50 (100)
Mean aggregation, mean � SD, AU 86 � 23 34 � 26
5th to 95th percentile 52–137* 1–84
Total, n 50 50

Note:—ASA indicates aspirin; AU, arbitrary aggregation unit.
* The fifth percentile of the aggregation results of the healthy blood donors at 52 AU was
selected as a cutoff for nonresponse in patients under clopidogrel medication.

Fig 1. The fifth percentile of the results of the healthy blood donors at 52 AU is marked
and used as a cutoff for nonresponsiveness in neurologic patients. Patients under
clopidogrel medication show marked platelet inhibition compared with the blood donors.
Neurologic patients with aggregation over 52 AU after clopidogrel medication are classified
as nonresponders (also see Fig 2).
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intravenous tirofiban (30 minutes loading with 4 �g/kg of
body weight, followed by the infusion of 1 �g/kg of body
weight continuously for 24 hours; Fig 3B). No clinical compli-
cation occurred. After doubling of the clopidogrel dose to 150
mg/day, platelet function in the ADPtest decreased to 41 U,
that is, to a level assigned to clopidogrel response (determined
3 days after the intervention and after cessation of the tirofiban
infusion).

In patient 5, a temporary occlusion of the internal carotid
artery (ICA) stenosis occurred during manipulation with the
microwire. There was no neurologic deficit during or after the
procedure.

Three patients suffered from clinical complications: in pa-
tient 6 (69 U), the ICA was stented 3 days after stent placement
and coiling of a basilar tip aneurysm. She had received 500 mg
of aspirin (ASA) intravenously and tirofiban, which was
switched to clopidogrel on the day after the coiling (300 mg of
loading, then 75 mg/day and 100 mg of ASA per day). On the
day of the right-sided ICA stent placement, she qualified as a
clopidogrel nonresponder based on an aggregation of 69 U.
There was no complication during the intervention, but the
patient was readmitted to the hospital 10 days later after 3 TIAs
with left-sided minor hemiparesis and hemihypesthesia. Her
aggregation at readmission was 56 U (nonresponse). Cerebral
diffusion MR imaging and ultrasonography of the stent did
not show any pathologic changes. She was heparinized and put
on 2 � 75 mg of clopidogrel per day. Another test 2 days later
showed a clopidogrel response with an aggregation of 27 U.
There were no further events after heparin was stopped.

The second patient who suffered a clinical deficit, patient 3
(aggregation, 80 U), experienced a pontine perforator infarc-
tion with 2/5 hemiparesis 2 hours after basilar artery (BA)

stent placement. He recovered to 3/5 paresis upon discharge
from the hospital.

The patients with test results marked with 1 (92 U) and 4
(74 U) were included at an advanced phase of the study. To
prevent complications from insufficient antiplatelet effects in
these patients, who were classified as clopidogrel nonre-
sponders, intensified platelet inhibition was performed.

In the first patient (No. 4), who was also scheduled for BA
stent placement, an intravenous infusion of tirofiban (stan-
dard dosage as described above) was administered to achieve
immediate platelet inhibition. There was no procedural com-
plication. Tirofiban was stopped the day after the procedure,
and heparinization with a partial thromboplastin time (PTT)
of 60 – 80 seconds was kept up for 3 days. On day 4, when
heparin was stopped, the patient suffered from an episode of
vertigo, nausea, and tinnitus for 20 minutes. Heparinization
was started again, but on day 5 (PTT, 40 seconds) symptoms
recurred, including dysarthria and hemihypesthesia. The pa-
tient recovered completely after 45 minutes. Imaging showed
3 small lesions in diffusion MR imaging in the superior cere-
bellar artery territory. Unfortunately, no analysis of the anti-
platelet medication was performed at that point in time. The
further clinical course was asymptomatic, even without hepa-
rinization, and the patient was discharged 4 days later under
aspirin at 100 mg/day and clopidogrel at 75 mg/day.

The second patient (No. 1) who was scheduled for stent
placement of the BA was given another loading dose of 300 mg
of clopidogrel. She was only treated 6 hours after receiving this
additional medication. By then the effectiveness of clopi-
dogrel-related platelet inhibition could be shown in the ADP
test with an aggregation of 49 U compared with the initial 92
U. She did not suffer any complications. Because of the mod-
ification of treatment, she was not included in the statistical
analysis.

Patient No. 7 (aggregation, 55 U) did not receive a stent.
Intervention was cancelled after detection of a free-floating
thrombus in diagnostic angiography. The patient was referred
to surgery and received a carotid endarterectomy. He was also
not included in statistical analysis.

Clinical Outcome
Mean mRS in the group of treated patients was 1.2 � 1.3
before and 1.2 � 1.3 after the intervention. Forty-five patients
(90%) did not show a change in mRS score between admission
and discharge. Five patients (10%) showed clinical improve-
ment of their initial state due to recovery from a stroke shortly
before admission. One patient (2%) deteriorated neurologi-
cally (No. 3). He dropped from mRS 0 to 4 due to a procedural
complication (pontine perforator infarction) as described
above.

Statistical Analysis
From the 50 patients included in the study, patients 1 and 7
were excluded from statistical analysis as explained previously.
Of the 48 patients analyzed, 12 were classified as nonre-
sponders. Five (41%) of the 12 nonresponders had some type
of adverse event compared with 0 (0%) of 36 responders.
Fisher exact test for association between adverse events and
clopidogrel response indicates the statistically significant asso-
ciation (P � .001).

Fig 2. Fourteen (28%) of 50 patients met the criteria of nonresponse with test results of
over 52 AU. Patient 1 received a second full loading dose of 300 mg of clopidogrel before
treatment after the high initial test result. Patient 7 did not receive a stent due to a
free-floating thrombus. The other patients marked with numbers either suffered peri-
interventional clinical events (3 of 50; patients 3, 4, and 6) or adverse events during the
angiographic procedure without any clinical consequences (2 of 50; patients 2 and 5). All
of the patients (5 of 50) with any type of adverse event qualified as clopidogrel
nonresponders as measured by the multiplate analyzer.
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Binary logistic regression analysis of the 48 patients shows a
significant correlation between aggregation (U) and the odds
of having adverse events (P � .032). An increase of 1 U in
aggregation implicated an increase in odds by 15%.

Discussion
To our knowledge the prevalence and clinical impact of clopi-
dogrel nonresponse in patients with neuroradiologic endovas-
cular procedures has not been investigated before. A fast and
easy-to-use clopidogrel-sensitive testing method is required to
address this topic. Born’s aggregation19 based on the optical
detection of platelet function in platelet-rich plasma is still
accepted as a “gold standard.” However, this method is labo-
rious and, therefore, not suited for on-site testing.20 There-
fore, tests suited for point-of-care analysis, such as the PFA-
100 (Dade Behring, Deerfield, Ill), VerifyNow (Accumetrics,
San Diego, Calif),21 or the Multiplate Analyzer (Dynabyte
Medical), which was used in this study, have been developed.
The PFA-100 is not sensitive to clopidogrel.22-24 VerifyNow
has shown sensitivity to clopidogrel but was not yet being dis-
tributed in Europe when the study was started. Conventional
impedance aggregometry, as used in earlier studies,25 is usu-
ally performed with reusable electrodes, which have to be
cleaned after each measurement and are less suited for near-
patient testing.

We, therefore, applied a whole-blood aggregation analyzer
(Multiplate) by using single-use test cells and electronic inter-
active pipetting. With this method, the clinical impact of non-
response to clopidogrel as measured by the analyzer on the risk
of thromboembolic complications in supra-aortic stent place-
ment was investigated. Complication rates in extracranial ICA
stent placement under clopidogrel and aspirin medication are
estimated at more than 6%.26,27 Of these complications, most
events are ischemic versus only a small number of hemor-

rhagic complications.26 In intracranial stent placement, the
overall complication rate is estimated at approximately 6%–
10%.16,28,29 However, thromboembolic events add signifi-
cantly to morbidity and mortality. Our series included no pa-
tient with procedure-related permanent morbidity or clinical
worsening among the 34 extracranial stentings (0%) and 1
patient (6%) with procedure related permanent morbidity of
16 intracranial stentings. Although statistics are limited due to
the small number of cases, our group does not show an overall
complication rate that differs largely from those published in
literature.

The dual antiplatelet premedication that we used is com-
mon practice in neurovascular stent placement. ICA stent
placement with aspirin and heparin alone, resembling com-
plete clopidogrel nonresponse, has proven to produce unac-
ceptable high complication rates. McKevitt et al30 encoun-
tered a neurologic complication rate of 25% compared with
0% in the dual antiplatelet group. A greater effect on platelet
inhibition when administering clopidogrel in addition to as-
pirin has been shown.31,32 It was even speculated that clopi-
dogrel medication may have a greater impact on platelet inhi-
bition in patients who are aspirin nonresponders and may,
therefore, help to overcome the problem of aspirin
nonresponse.33

The high rate of adverse events in the group of clopi-
dogrel nonresponders in our series, compared with none in
the group of clopidogrel responders (Fig 2), as defined by
the analyzer results, also confirms the importance of clopi-
dogrel-related platelet inhibition in neurovascular stent
placement. All of our patients with adverse events were
responsive to aspirin in impedance aggregometry. Hence,
the detected effects cannot be attributed to aspirin nonre-
sponse. A significant correlation between clopidogrel non-
responsiveness as measured by the Multiplate analyzer and

Fig 3. Patient 2 (see Fig 2) showed the second highest
aggregation level of all of the patients. She developed
progressive in stent clotting at the end of the procedure (A)
that could be reversed by intravenous administration of
tirofiban (B).
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the incidence of adverse events could be statistically shown.
This corresponds well with the results of cardiology studies
stating that the level of platelet aggregation in coronary
stent placement is correlated with outcome.34,35 Also in our
study the level of aggregation (U) had a significant impact
on the odds of having adverse events.

There are numerous cardiology or angiologic studies that
have reported a relation between nonresponsiveness of anti-
platelet therapy and adverse clinical outcomes,14,25,36-45 but
until now these methods and findings have not been applied to
interventional neuroradiology settings or validated for them.
Our results show that, after an application of a 300-mg clopi-
dogrel loading dose and a maintenance dose of 75 mg/day,
platelet inhibition varies significantly with a nonresponse rate
of 28% in the neurologic patients. It is known that tests per-
formed shortly after the application of a 300-mg clopidogrel
loading dose show particularly high rates of insufficient plate-
let inhibition.46 Only after 24 hours is the effect of a loading
dose of 300 mg fully elicited,47 whereas a loading dose of 600
mg can achieve the maximum effect after only 4 hours.48 The
patients were mostly loaded only 12 hours before stent place-
ment. This implies that clopidogrel loading for neurovascular
stent placement, if performed with a dose of 300 mg, may have
to take place at least 24 hours before the intervention. Based on
the increasing evidence of a significant proportion of patients
not being responsive to a clopidogrel bolus of 300 mg, a higher
initial loading dose before neuroradiologic interventions can
be considered. In cardiology patients it has been shown that a
loading dose of 600 mg of clopidogrel cannot only achieve a
more intense and rapid inhibition of platelet activation but
can also increase the number of responders.6 This corresponds
well to our results in patients 1 and 6. Patient 1 showed the
lowest platelet inhibition of all of the patients after the initial
loading dose. Six hours after receiving another 300 mg, she was
tested and qualified as a responder. Also, patient 6, an initial
nonresponder, responded after a dose increase to 2 � 75 mg/
day. Double-dose treatment also has been shown to achieve a
more intense platelet inhibition in cardiology patients than
the usually recommended 75 mg/day.49 In primary coronary
angioplasty, even a single-dose treatment with a tirofiban bo-
lus has been proposed to overcome the time gap between clo-
pidogrel loading and a stable and safe antiplatelet effect.50 To
optimize adjustment, however, point-of-care testing of the ef-
fectiveness of clopidogrel may be useful. With in vitro testing,
patients prone to thromboembolic complications could be
identified and antiplatelet regimes adapted individually with
respect to the dosage and drug applied.

One limitation of our study is the relatively small number
of patients examined. Another limitation is the fact that single
events, like the perforator infarction in patient 3, cannot be
attributed solely to the clopidogrel nonresponse. Thrombo-
embolic complications in endovascular stent placement are
multifactorial, and not all are caused by insufficient platelet
inhibition. Still, statistical analysis identified clopidogrel non-
response as measured by the analyzer as one important factor
that can increase the risk of thromboembolic events.

Our results, therefore, suggest considering a dose in-
crease or the application of an immediately acting platelet
inhibitor (eg, tirofiban) in patients scheduled for neurora-
diologic interventions that show an in vitro clopidogrel

nonresponse to avoid an enhanced risk of adverse events. It
is as unknown whether a more aggressive platelet inhibition
by an enhanced dose of clopidogrel or the addition of tiro-
fiban might increase the risk of hemorrhagic complications
during the intervention. However, we did not encounter
any of these in our series.

Conclusion
On-site testing of clopidogrel-related platelet inhibition by
impedance aggregometry in neurointerventional radiology is
feasible. It can help to identify clopidogrel nonresponsiveness,
which was found in 28% of clopidogrel-treated patients in this
study. A statistical relationship between nonresponsiveness to
clopidogrel as defined in this study and adverse thromboem-
bolic events could be shown. Near-patient testing of platelet
inhibition before neurointerventional stent placement seems
reasonable to adjust the antiplatelet protocol individually if
required and has the potential to reduce the thromboembolic
complications in interventional neuroradiology.

Acknowledgments
We thank Heike Beutler for her committed work, Marc Witt-
wer of Dynabyte Medical for the excellent cooperation, Dr.
Donna Ankerst for the statistical analysis, and Dr. Michael
Schunk for reviewing the article.

References
1. Rocca B, Patrono C. Determinants of the interindividual variability in re-

sponse to antiplatelet drugs. J Thromb Haemost 2005;3:1597– 602
2. Jaremo P, Lindahl TL, Fransson SG, et al. Individual variations of platelet

inhibition after loading doses of clopidogrel. J Intern Med 2002;252:233–38
3. Gurbel PA, Bliden KP, Hiatt BL, et al. Clopidogrel for coronary stenting: Re-

sponse variability, drug resistance, and the effect of pretreatment platelet re-
activity. Circulation 2003;107:2908 –13

4. Wiviott SD. Clopidogrel response variability, resistance, or both? Am J Cardiol
2006;98:18N–24N

5. Serebruany V, Steinhubl SR, Berger PB, et al. Variability in platelet responsive-
ness to clopidogrel among 544 individuals. J Am Coll Cardiol 2005;45:246 –51

6. Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, et al. High clopidogrel loading
dose during coronary stenting: Effects on drug response and interindividual
variability. Eur Heart J 2004;25:1903–10

7. Jernberg T, Payne C, Winters K, et al. Prasugrel achieves greater inhibition of
platelet aggregation and a lower rate of non-responders compared with clo-
pidogrel in aspirin-treated patients with stable coronary artery disease. Eur
Heart J 2006;27:1166 –73

8. Gurbel PA, Bliden KP, Hayes KM, et al. The relation of dosing to clopidogrel
responsiveness and the incidence of high post-treatment platelet aggregation
in patients undergoing coronary stenting. J Am Coll Cardiol 2005;45:1392–96

9. Nguyen TA, Diodati JG, Pharand C. Resistance to clopidogrel: A review of the
evidence. J Am Coll Cardiol 2005;45:1157– 64

10. Grossmann R, Sokolova O, Schnurr A, et al. Variable extent of clopidogrel
responsiveness in patients after coronary stenting. Thromb Haemost
2004;92:1201– 06

11. Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, et al. Lack of association be-
tween the p2y12 receptor gene polymorphism and platelet response to clopi-
dogrel in patients with coronary artery disease. Thromb Res 2005;116:491–97

12. Cuisset T, Frere C, Quilici J, et al. High post-treatment platelet reactivity iden-
tified low-responders to dual antiplatelet therapy at increased risk of recur-
rent cardiovascular events after stenting for acute coronary syndrome. J
Thromb Haemost 2006;4:542– 49

13. Gurbel PA, Lau WC, Bliden KP, et al. Clopidogrel resistance: Implications for
coronary stenting. Curr Pharm Des 2006;12:1261– 69

14. Templin C, Schaefer A, Stumme B, et al. Combined aspirin and clopidogrel
resistance associated with recurrent coronary stent thrombosis. Clin Res Car-
diol 2006;95:122–26

15. Gurbel PA, Bliden KP, Guyer K, et al. Platelet reactivity in patients and recur-
rent events post-stenting: Results of the prepare post-stenting study. J Am Coll
Cardiol 2005;46:1820 –26

16. Fiorella D, Levy EI, Turk AS, et al. US multicenter experience with the Wing-

790 Müller-Schunk � AJNR 29 � Apr 2008 � www.ajnr.org



span stent system for the treatment of intracranial atheromatous disease:
Periprocedural results. Stroke 2007;38:881– 87

17. Toth O, Calatzis A, Penz S, et al. Multiple electrode aggregometry: A new device
to measure platelet aggregation in whole blood. Thromb Haemost 2006;96:
781– 88

18. Mueller T, Dieplinger B, Poelz W, et al. Utility of whole blood impedance
aggregometry for the assessment of clopidogrel action using the novel multi-
plate(r) analyzer-comparison with two flow cytometric methods. Thromb Res
2007;121:249 –58

19. Born GV. Aggregation of blood platelets by adenosine diphosphate and its
reversal. Nature 1962;194:927–29

20. Eikelboom J, Hankey G. Aspirin resistance: A new independent predictor of
vascular events? J Am Coll Cardiol 2003;41:966 – 68

21. Malinin A, Pokov A, Spergling M, et al. Monitoring platelet inhibition after
clopidogrel with the VerifyNow-P2Y12(R) rapid analyzer: The verify throm-
bosis risk assessment (veritas) study. Thromb Res 2007;119:277– 84

22. Mani H, Linnemann B, Luxembourg B, et al. Response to aspirin and clopi-
dogrel monitored with different platelet function methods. Platelets
2006;17:303–10

23. Alstrom U, Tyden H, Oldgren J, et al. The platelet inhibiting effect of a clopi-
dogrel bolus dose in patients on long-term acetylsalicylic acid treatment.
Thromb Res 2007;120:353–59

24. Geiger J, Teichmann L, Grossmann R, et al. Monitoring of clopidogrel action:
Comparison of methods. Clin Chem 2005;51:957– 65

25. Ivandic BT, Schlick P, Staritz P, et al. Determination of clopidogrel resistance
by whole blood platelet aggregometry and inhibitors of the p2y12 receptor.
Clin Chem 2006;52:383– 88

26. Ringleb PA, Allenberg J, Bruckmann H, et al. 30 day results from the space trial
of stent-protected angioplasty versus carotid endarterectomy in symptomatic
patients: A randomised non-inferiority trial. Lancet 2006;368:1239 – 47

27. Mas JL, Chatellier G, Beyssen B, et al. Endarterectomy versus stenting in pa-
tients with symptomatic severe carotid stenosis. N Engl J Med
2006;355:1660 –71

28. Jiang WJ, Wang YJ, Du B, et al. Stenting of symptomatic m1 stenosis of middle
cerebral artery: An initial experience of 40 patients. Stroke 2004;35:1375– 80

29. SSYLVIA Study Investigators. Stenting of Symptomatic Atherosclerotic Le-
sions in the Vertebral or Intracranial Arteries (ssylvia): Study results. Stroke
2004;35:1388 –92

30. McKevitt FM, Randall MS, Cleveland TJ, et al. The benefits of combined anti-
platelet treatment in carotid artery stenting. Eur J Vasc Endovasc Surg
2005;29:522–27

31. Serebruany VL, Malinin AI, Ziai W, et al. Effects of clopidogrel and aspirin in
combination versus aspirin alone on platelet activation and major receptor
expression in patients after recent ischemic stroke: For the Plavix Use for
Treatment of Stroke (PLUTO-stroke) trial. Stroke 2005;36:2289 –92

32. Saha S, Berglund M, Sylven C, et al. Clopidogrel inhibits platelet aggregation in
patients on aspirin with stable chronic angina pectoris. Int J Cardiol
2008;123:195–96

33. Eikelboom JW, Hankey GJ, Thom J, et al. Enhanced antiplatelet effect of clo-
pidogrel in patients whose platelets are least inhibited by aspirin: A random-
ized crossover trial. J Thromb Haemost 2005;3:2649 –55

34. Hochholzer W, Trenk D, Bestehorn HP, et al. Impact of the degree of peri-
interventional platelet inhibition after loading with clopidogrel on early clin-

ical outcome of elective coronary stent placement. J Am Coll Cardiol
2006;48:1742–50

35. Geisler T, Langer H, Wydymus M, et al. Low response to clopidogrel is associ-
ated with cardiovascular outcome after coronary stent implantation. Eur
Heart J 2006;27:2420 –25

36. Tanaka KA, Szlam F, Kelly AB, et al. Clopidogrel (Plavix) and cardiac surgical
patients: Implications for platelet function monitoring and postoperative
bleeding. Platelets 2004;15:325–32

37. Vats HS, Hocking WG, Rezkalla SH. Suspected clopidogrel resistance in a pa-
tient with acute stent thrombosis. Nat Clin Pract Cardiovasc Med
2006;3:226 –30

38. Glowczynska R, Malek LA, Spiewak M, et al. Clinical, biochemical and geneti-
cal resistance to clopidogrel in a patient with the recurrent coronary stent
thrombosis—a case report and review of the literature. Int J Cardiol
2006;111:326 –28

39. Wenaweser P, Dorffler-Melly J, Imboden K, et al. Stent thrombosis is associ-
ated with an impaired response to antiplatelet therapy. J Am Coll Cardiol
2005;45:1748 –52

40. Dziewierz A, Dudek D, Heba G, et al. Inter-individual variability in response to
clopidogrel in patients with coronary artery disease. Kardiol Pol 2005;62:108 –
17; discussion 118

41. Aleil B, Ravanat C, Cazenave JP, et al. Flow cytometric analysis of intraplatelet
vasp phosphorylation for the detection of clopidogrel resistance in patients
with ischemic cardiovascular diseases. J Thromb Haemost 2005;3:85–92

42. Matetzky S, Shenkman B, Guetta V, et al. Clopidogrel resistance is associated
with increased risk of recurrent atherothrombotic events in patients with
acute myocardial infarction. Circulation 2004;109:3171–75

43. Muller I, Besta F, Schulz C, et al. Prevalence of clopidogrel non-responders
among patients with stable angina pectoris scheduled for elective coronary
stent placement. Thromb Haemost 2003;89:783– 87

44. Malinin A, Pokov A, Spergling M, et al. Monitoring platelet inhibition after
clopidogrel with the Verifynow-p2y12(r) rapid analyzer: The Verify Throm-
bosis Risk Assessment (VERITAS) study. Thromb Res 2007;119:277– 84

45. Lev EI, Ramchandani M, Garg R, et al. Response to aspirin and clopidogrel in
patients scheduled to undergo cardiovascular surgery. J Thromb Thrombolysis
2007;24:15–21

46. Lepantalo A, Virtanen K, Heikkila J, et al. Limited early antiplatelet effect of
300mg clopidogrel in patients with aspirin therapy undergoing percutaneous
coronary interventions. Eur Heart J 2004;25:467– 83

47. Gurbel PA, Cummings CC, Bell CR, et al. Onset and extent of platelet inhibi-
tion by clopidogrel loading in patients undergoing elective coronary stenting:
The Plavix Reduction of New Thrombus Occurrence (PRONTO) trial. Am
Heart J 2003;145:239 – 47

48. Muller I, Seyfarth M, Rudiger S, et al. Effect of a high loading dose of clopi-
dogrel on platelet function in patients undergoing coronary stent placement.
Heart 2001;85:92–93

49. von Beckerath N, Kastrati A, Wieczorek A, et al. A double-blind, randomized
study on platelet aggregation in patients treated with a daily dose of 150 or 75
mg of clopidogrel for 30 days. Eur Heart J 2007;28:1814 –19

50. Bilsel T, Akbulut T, Yesilcimen K, et al. Single high-dose bolus tirofiban with
high-loading-dose clopidogrel in primary coronary angioplasty. Heart Vessels
2006;21:102– 07

AJNR Am J Neuroradiol 29:786 –91 � Apr 2008 � www.ajnr.org 791


