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Dual Antiplatelet Therapy Monitoring for
Neurointerventional Procedures Using a
Point-of-Care Platelet Function Test: A
Single-Center Experience

D.H. Lee
A. Arat

H. Morsi
H. Shaltoni
J.R. Harris

M.E. Mawad

BACKGROUND AND PURPOSE: Growing evidence of the relationship between poor antiplatelet re-
sponse and occurrence of clinical events elicited the need of monitoring the response which has not
been part of our daily practice. We present our initial experience with a new point-of-care antiplatelet-
function test (VerifyNow assay) in neurointerventional procedures.

MATERIALS AND METHODS: Among the 106 consecutive patients from July 2006 to April 2007,
ninety-eight met the inclusion criteria. Our preferred antiplatelet regimen was aspirin (325 mg daily)
and clopidogrel (300 mg of loading dose followed by 75 mg daily) starting 5–10 days before the
procedure. The test results were reported as aspirin-reaction unit (ARU) for aspirin and P2Y12 reaction
units (PRU), baseline (BASE), and percentage inhibition for the P2Y12 assay and were summarized as
mean � SD of the values. We analyzed the effects of several factors of poor clopidogrel response
(�40% inhibition). The occurrence of thrombotic events was recorded.

RESULTS: The mean ARU of aspirin assays was 438.3 � 47.9 (range, 350–632), and the response was
poor in 2 patients (2.1%). For clopidogrel, the mean of the BASE, PRU, and percentage inhibition was
356.8 � 56.3 (range, 234–495), 198.9 � 104.4 (range, 8–401), and 45.2 � 27.1% (range, 0–98),
respectively. Forty-two patients (42.9%) showed poor response. Multivariate analysis showed greater
body weight (81.9 Kg � 19.1 kg versus 69.9 � 15 kg) in the poor-response group. All 3 cases of
intraprocedural thrombosis (3.1%) were observed only in the poor-response group.

CONCLUSION: We observed a high frequency of poor clopidogrel responses in the neurointerventional
setting. Routine monitoring of the drug response would be helpful for the early identification of poor
antiplatelet responders so that we may modify the regimen and/or treatment plan.

Platelet inhibition is a prerequisite for the prevention of
acute or subacute thrombosis in various neurointerven-

tional procedures such as stent placement in atherosclerotic
lesions or stent-assisted coiling of aneurysms.1-5 Dual anti-
platelet therapy, consisting of aspirin and a thienopyridine,
has been used for more than a decade because aspirin mono-
therapy turned out to be insufficient.6,7 The combination of
aspirin (75–325 mg daily) and clopidogrel (75 mg daily follow-
ing a loading dose of 300 mg) has become the widely accepted
standard regimen for stent-placement procedures.8

Patients who receive dual antiplatelet therapy plus systemic
heparinization, however, may occasionally experience in-
stent thrombosis or a thromboembolic phenomenon.9 This
may be due to individual variability in the response to anti-
platelet treatment.10,11 Growing evidence of the relationship
between poor response to antiplatelet therapy and the occur-
rence of clinical events, such as the recurrence of ischemic
events and stent-related thrombosis or thromboembolic com-
plications during neurointerventional procedures, elicited the

need for monitoring the response to antiplatelet agents.12,13

Monitoring platelet function, however, has not been part of
our daily practice, due to the difficulty and impracticality of
laboratory testing.14,15

A new point-of-care platelet-function assay (VerifyNow;
Accumetrics, San Diego, Calif) enabled us to perform assays to
determine the effect of antiplatelet agents.15 This study ana-
lyzed our initial experiences with this test in the management
of patients undergoing various neurointerventional stent-
placement procedures.

Materials and Methods

Patients
We reviewed our neurovascular prospectively collected data base for

consecutive patients pretreated with aspirin and/or clopidogrel for

planned or expected stent-placement procedures by the nature of the

patient’s vascular lesion. Exclusion criteria were the following: 1) un-

clear antiplatelet medication history, 2) platelet count lower than

150 � 103/�L, and/or 3) hematocrit level lower than 33% at the time

of admission. For a period of 10 months since the availability of the

test in our neurovascular angiographic suite (July 2006-April 2007),

106 patients were identified, of whom 98 met inclusion criteria.

There were 72 (73.5%) women and 26 (26.5%) men. Their mean

age was 59.1 � 15.8 years. The indications for dual antiplatelet ther-

apy are summarized in Table 1. Thirty-five patients (35.7%) did not

receive stents due to switching from a stent-assisted to a balloon-

assisted neck-remodeling method (n � 23), no need for neck remod-

eling (n � 3), internal carotid artery trapping (n � 3), or deferred

treatment (n � 6). All stent-placement procedures were performed
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with the patient under systemic heparinization regardless of the lesion

characteristics. The target-activated clotting time was twice that of the

baseline.

Antiplatelet Therapy and Antiplatelet Function Test
Our preferred antiplatelet regimen was daily aspirin (325 mg) and

clopidogrel (75 mg daily following 300 mg of loading dose, Plavix;

Sanofi-Aventis, Bridgewater, NJ), starting 5–10 days before the elec-

tive stent-placement procedure. The regimen varied, however, ac-

cording to clinical circumstances. Some patients were already on dual

antiplatelet therapy, which was not changed. Other patients could not

be pretreated for 5–10 days due to the acuteness of their disease.

Patients pretreated for �2 days were given an additional 300 mg of

clopidogrel on the morning of their procedures, whereas patients ad-

mitted for same-day procedures were given 600 mg of clopidogrel

plus 325 mg of aspirin immediately before the procedure. Three pa-

tients were not given aspirin due to their past history of aspirin-re-

lated peptic ulcer disease. Treatment regimens are summarized in

Table 2.

Whole blood was obtained either by venipuncture into 1.8-

mL-draw plastic Vacuette tubes (Greiner, Monroe, NC) contain-

ing 3.2% sodium citrate with a 21-gauge needle or by transfer to

these tubes following a 5-mL discard after obtaining blood from an

indwelling catheter. The first tube drawn by venipuncture was

labeled as a discard and was at no time used for any experimental

assay for platelet function. All tubes containing any anticoagulant

other than sodium citrate (eg, ethylenediaminetetraacetic acid for

platelet counts) were drawn subsequent to the tubes containing

sodium citrate to avoid cross-contamination of samples by an an-

ticoagulant. The tubes were gently inverted 4 –5 times and incu-

bated at room temperature for 10 minutes for the P2Y12 assay and

30 minutes for the aspirin assay.

The VerifyNow assay is a whole-blood point-of-care system that

consists of an instrument and single-use assay devices that contain

fibrinogen-coated polystyrene beads and a platelet agonist. The basis

for the assay is that the beads will agglutinate in whole blood in direct

proportion to the number of uninhibited platelets. The assay device is

inserted into the instrument, and the whole-blood tube gently in-

verted 4 –5 times and placed on the device. The instrument measures

the platelet-induced aggregation as an increase in light transmittance

and uses a proprietary algorithm to report assay results.

The P2Y12 device consists of 2 whole-blood assay channels that

determine the percentage inhibition of the adenosine diphosphate

(ADP)-mediated P2Y12 receptor. One channel contains fibrinogen-

coated polystyrene beads and the platelet agonist ADP. ADP is present

at a concentration that is equivalent to that observed with 5-�mol/L

ADP in studies performed on platelet-rich plasma in an optical aggre-

gometer. Prostaglandin E1 is added to this channel to reduce the

nonspecific contribution of the P2Y12 receptor. The second channel

contains fibrinogen-coated polystyrene beads and the platelet-agonist

isothrombin-receptor-activating peptide (iso-TRAP). Agglutination

in the ADP-containing channel is inhibited by the clopidogrel metab-

olite, whereas the drug does not inhibit agglutination in the TRAP-

containing channel. The inhibition of the P2Y12 receptor is calculated

by dividing the P2Y12 reaction unit (PRU) value of the ADP channel

by the PRU value of the TRAP channel (a baseline value [BASE]) and

converting this value to a percentage (percentage inhibition �

[BASE-PRU] / BASE � 100 [%]).

The aspirin device incorporates the platelet agonist arachidonic

acid. Aspirin affects hemostasis by the inhibition of platelet function

through acetylation of the cyclooxygenase (COX) enzymes. This ren-

ders COX-1 incapable of converting arachidonic acid to prostaglan-

din H2, a precursor of thromboxane A2 required for normal platelet

aggregation. This inhibitory effect provides the basis of the aspirin

assay used to measure the pharmacologic effect of aspirin on platelets.

Results are reported in aspirin response units (ARU). Individuals not

on aspirin without the presence of interfering substances will have

ARU values �550.

In the absence of an evidence-based cutoff value for the ideal

platelet inhibition during the stent-placement procedure, we arbi-

trarily adopted �550 ARU for aspirin and �40% inhibition for

clopidogrel as indicators of acceptable antiplatelet effect of both

drugs.15-19 Patients with values below these cutoffs were usually

given an additional 300 mg of clopidogrel and/or 325 mg of aspirin

via an orogastric tube. Repeat testing was carried out in some

patients 30 minutes after the administration of an additional dose.

Analysis and Statistical Tests
The results of aspirin and clopidogrel assays are reported as

mean � SD of ARU, BASE, PRU, and percentage inhibition. For

clopidogrel response, the patients were divided into 2 groups,

those with poor response (�40% inhibition) and those with good

response (�40% inhibition), and the effects of age, sex, body

weight, presence of risk factors for atherosclerosis, and antiplatelet

regimens on clopidogrel response were evaluated. For the statisti-

cal analysis, Student t tests were used for continuous variables and

�2 or Fisher exact tests, for categoric variables. To compare the

effects of antiplatelet regimens on PRU, we performed multiple

comparisons with a Bonferroni correction. Multivariate logistic

regression analysis was performed for variables with P values � .5.

The response to an additional loading dose, which was given in

some patients who showed �40% of inhibition, was analyzed. For

the statistical analyses, the Statistical Package for the Social Sci-

ences K/12.0 (SPSS, Chicago, Ill) was used. A P value � .05 was

considered statistically significant for all tests except the multiple

comparison, for which �.005 was used. The occurrence of in-stent

thrombosis and/or distal thromboembolism was also noted.

Table 1: Indications for dual antiplatelet therapy

Indications No. (%)
Stent-assisted coiling of aneurysm 60 (61.2)
Stenting for intracranial artery stenosis 19 (19.4)
Stenting for extracranial cervical artery stenosis 14 (14.3)
Stenting for cervical artery dissection 3 (3.1)
Stent-assisted embolization of carotid cavernous fistula 2 (2.0)
Total 98 (100)

Table 2: Variability of dual antiplatelet therapy regime

Duration Regimen Days No. (%)
�10 days ASA � PVX after LD �10 31 (31.6)
5–10 days ASA � PVX after LD 5–10 49 (50.0)
2–4 days ASA � PVX after LD 2–4 5 (5.1)
1 day ASA � LD � LD in the morning 1 8 (8.2)
Same day ASA � 2LDs 0 5 (5.1)
Total 98 (100)

Note:—ASA indicates aspirin 325 mg daily; PVX, clopidogrel 75 mg daily; LD, clopidogrel
300 mg as a loading dose.
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Results

Aspirin Response
Test results were available in 95 patients, who had a mean ARU
of 438.3 � 47.9 (range, 350 – 632 ARU) (Fig 1). Most patients
(98.0%) except 2 were in the target range for aspirin response,
which was �550 ARU.

Clopidogrel Response
The mean of the BASE was 356.8 � 56.3 (range, 234 – 495) (Fig
2A), the mean of the PRU was 198.9 � 104.4 (range, 8 – 401)
(Fig 2B), and the mean of the percentage inhibition was 45.2 �
27.1% (range, 0 –98) (Fig 2C). With a �40% inhibition as a
cutoff value, 42 patients (42.9%) were in the poor-response
group, with the remainder in the good-response group. The
mean PRUs of the 5 antiplatelet regimens are shown in Fig 3.
The range of PRU values in patients with �2 days of antiplate-
let treatment varied, and there was a trend toward greater PRU
values in patients with �2 days but �5 days of antiplatelet-
treatment duration than with other regimens. However, those
differences were statistically insignificant.

The results of uni- and multivariate analyses are summa-
rized in On-line Table 1. Univariate analyses showed that the
response to the antiplatelet regimen was significantly associ-
ated with peripheral platelet count (P � .002) and inversely
associated with a patient’s weight (P � .001). Multivariate
analysis showed that the patient’s weight was the only inde-
pendent factor affecting the response (P � .01).

Repeat Test
Of the 42 patients in the clopidogrel poor-response group, 29
received an additional loading dose (300 mg) of clopidogrel
via an orogastric tube; the test was repeated in 10 patients 30
minutes later. Their mean PRU, BASE, and percentage inhibi-
tion were 260.3 � 112.3, 377.3 � 75.0, and 29.4 � 31.0%,

respectively. Although these PRU and percentage inhibition
values showed some improvement relative to the initial values
in these patients, these differences were not significant (P �
.064, 1.0, and .160, respectively) (Fig 4).

Intraprocedural Thrombosis and Thromboembolic Events
Although 3 of the 98 patients (3.1%) experienced intraproce-
dural thromboses, no symptomatic thromboembolic event
was associated with the local thrombosis or the procedure.
One patient had an unruptured anterior communicating ar-
tery aneurysm and was scheduled to be treated with stent-
assisted coil embolization. After 10 days of dual antiplatelet
therapy, this patient’s test results showed 417 ARU, 330 PRU,
and 0% inhibition. To avoid in-stent thrombosis, we emboli-
zed this patient’s aneurysm by using a balloon-assisted tech-
nique, but acute platelet aggregation was observed at the coil-
parent artery interface. The second patient received a
Wingspan stent (Boston Scientific, Fremont, Calif) for symp-
tomatic stenosis of the basilar trunk. After 3 days of dual anti-
platelet therapy, this patient had test results of 421 ARU, 318
PRU, and 8% inhibition; after an additional loading dose (300
mg) of clopidogrel, this patient had test results showing 378
PRU and 0% inhibition. We observed acute thrombosis nearly
immediately after stent placement. The third patient had an
unruptured paraclinoid aneurysm and was treated with stent-
assisted (Neuroform, Boston Scientific) embolization. After 6
days of antiplatelet therapy, this patient’s test results showed
497 ARU, 319 PRU, and 20% inhibition; after an additional
loading dose of clopidogrel, test results showed 235 PRU and
7% inhibition. A control angiogram obtained 15 minutes after
stent placement showed acute in-stent thrombosis. The local
thrombosis events in all 3 patients were successfully managed
with weight-based intravenous use of abciximab without any
clinical consequences.

Discussion
Applying tentative therapeutic targets of �550 ARU for aspi-
rin and �40% inhibition for clopidogrel, we found that the
incidence of poor response to clopidogrel was quite high
(42.9%), whereas just a few patients had a poor response to
aspirin (2%).

Clopidogrel, a thienopyridine, is a prodrug, which is con-
verted to active thiol metabolites by hepatic cytochrome P450
after intestinal absorption. These thiol metabolites irreversibly
bind to P2Y12 receptors on the platelet surface, blocking ADP-
induced platelet activation and aggregation. The antiplatelet
action of clopidogrel was observed in healthy volunteers as
early as 2 hours after a 75-mg dose, with a steady state reached
after 5–7 days of daily dosing. A loading dose of 300 mg can
shorten the interval of the therapeutic range of the antiplatelet
effects of clopidogrel.20 A daily dose of 75 mg following a
300-mg loading dose together with a daily aspirin dose of 80 –
325 mg has become the standard dosage for stent-placement
procedures following the a series of coronary stent-placement
trials, which showed that dual antiplatelet therapy was supe-
rior to aspirin alone in patients with acute coronary syndrome
and after stent implantation.21-23

The widespread use of clopidogrel in coronary and cerebral
vascular diseases has revealed several negative effects of this
drug. Due to its irreversibility in platelet inhibition, patients

Fig 1. Distribution of ARU in patients receiving dual antiplatelet therapy. Most patients are
within the target inhibition range, �550 ARU (dotted line).
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treated with clopidogrel are at higher risk for perioperative
bleeding complications, and previous use of clopidogrel inter-
fered with swift conversion to bypass surgery. In addition,
though slow onset of antiplatelet action could be overcome by
the routine use of a loading dose, there is still a variability in its
antiplatelet response.24

Clopidogrel resistance, or the occurrence of events despite
adequate dosage and patient compliance, has been observed in
4%– 44% of patients with coronary artery disease. This vari-
ability is due in part to differences in patients tested and in part
to differences in the definition of clopidogrel resistance.20

Possible causes of clopidogrel resistance could be the fol-
lowing: 1) extrinsic factors, including patient noncompliance,
underdosing of the drug, drug-drug interactions, and variabil-
ity in intestinal absorption or hepatic metabolism; 2) patient
conditions that increase platelet reactivity, including diabetes,
acute coronary syndrome, and acute stroke; or 3) intrinsic

factors, including variabilities in P2Y12 receptor affinity, num-
ber of platelet surface receptors, or response to binding. Poor
bioavailability of the drug due to reduced intestinal absorption
has been suggested as the primary factor.20,25

The poor drug effect of clopidogrel could be treated by
administering a higher dose to increase its concentration in
the blood. For example, a loading dose of 600 mg resulted in
significantly lower frequency of resistance, narrower response
profile, and rapid antiplatelet effect. However, a loading dose
of 900 mg did not show further benefits, due to the ceiling
effect of intestinal absorption or metabolism. Although a daily
dose of 150 mg may be another solution,26 it may be associated
with a higher risk of bleeding complications.24 A new anti-
platelet agent (prasugrel), which is said to have more reliable
antiplatelet action, is now in clinical trial.27

Currently, we are aware of the variability of the antiplatelet
action of clopidogrel manifested by occurrence of in-stent
thrombosis in the neurointerventional arena. Before the intro-
duction of this point-of-care platelet-function test machine,
however, we were not able to verify the phenomenon before
the procedure because of limited availability and practicality
of standard test methods. The point-of-care and standard tests
were shown to correlate,13,14 suggesting that the former may
be useful in predicting thrombotic events during or after stent-
placement procedures.15 The routine monitoring of antiplate-
let medications has been discussed, with the importance of
monitoring, particularly in patients with critical conditions,
recently emphasized.28 We believe that patients who are in-
volved in stent-placement procedures of the cerebral arteries
are candidates for the monitoring of antiplatelet agents.

Most interesting, we observed a relationship between poor
response to clopidogrel and patient body weight. To our
knowledge, weight-adjusted dosing of clopidogrel has not
been recommended. Use of increased loading/maintenance

Fig 2. Distribution of values associated with clopidogrel response in patients receiving dual
antiplatelet therapy. A, BASE value. B, PRU. C, Percentage inhibition. The working cutoff value
is 40% (dotted line).
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doses in patients with increased body weight, however, may
provide sufficient inhibition of platelet activity.29

Duration of dual antiplatelet therapy can affect antiplatelet
activity.24,30 We found that long-term administration resulted
in a relatively stable level of inhibition. In addition, relatively
good inhibition was observed in patients receiving very short-
term administration, though there was significant variability
of the response to twofold or additional loading doses. Pa-
tients treated for 2– 4 days of administration showed the poor-
est antiplatelet response. A similar trend was observed in a
study that performed multiple time point assessments after
loading and maintenance doses of clopidogrel.11 In elective
situations, more than 5 days of premedication would be help-

ful for the stable antiplatelet activity of clopidogrel to prevent
thrombotic complication with the stent-placement proce-
dure. In nonelective situations, having no less than a 2-hour
interval between the administration of clopidogrel and the
stent-placement procedure is recommended, considering the
pharmacokinetics. It is said that the full antiplatelet effect of
the loading dose of clopidogrel occurs after 2 hours of
administration.31

To avoid the possible risk of acute in-stent thrombosis or
thromboembolic complications, we modified our patient
management plan according to test results. Patients with
�40% inhibition were given additional loading doses of clo-
pidogrel before the stent implantation or stents were not im-

Fig 3. Variability of PRU according to the duration of dual
antiplatelet therapy. CI indicates confidence interval.

Fig 4. Changes in PRUs (A) and percentage inhibition (% inhibition) (B) after an additional clopidogrel loading dose in 10 patients. Results are shown for initial (PRU1 and % inhibition1)
and follow-up tests after an additional loading dose of clopidogrel (PRU2 and % inhibition2).
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planted. Although our routine interventional procedure in-
cluded obtaining a control angiogram 20 –30 minutes after the
completion of the stent-placement procedure, we paid special
attention to patients at risk for thrombosis. Procedure-related
thromboses occurred in 3 patients, all of whom showed
�20% inhibition with/without an additional loading dose.
Those incidents, however, were managed by the prompt
administration of parenteral abciximab, without any clini-
cal consequences.

Our study had several limitations, including its retrospec-
tive design and the heterogeneity of the patient group, which
included patients with intracranial aneurysms and those with
atherosclerotic lesions. In addition, these patients received
various dosages of dual antiplatelet treatment for various
times. There was no validation of each patient’s compliance
with the individual antiplatelet regimen, and there was no
management algorithm according to test results. However, we
believe that this preliminary assessment of our limited experi-
ence with this test can help further validate its effectiveness
and value in our daily practice. This test could be used not only
to prevent thrombotic complications but also to avoid the
unnecessary overinhibition of platelet activity that can occur
in patients given high-dose regimens.

In conclusion, by using the currently available point-of-
care platelet-function test, we found that the frequency of
poor clopidogrel response was high in patients given various
dual antiplatelet regimens in the neurointerventional setting.
Routine use of point-of-care monitoring, especially in patients
scheduled to be treated with stents, can identify poor respond-
ers to clopidogrel.
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