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Efficacy of Monitoring for Multiple  
Antiplatelet Therapy during Intracranial 
Stent Placement: A Preliminary Study

Yasuo Suga,1 Hidenori Oishi,1,2 Munetaka Yamamoto,1 and Hajime Arai1

Objective: During cerebral aneurysm embolization using intracranial stents, platelet aggregation increases owing to 
increased wall shear stress and a loss of vascular endothelial function at the stent implantation site. Preoperative multiple 
antiplatelet therapy was introduced to prevent severe thromboembolic complications due to increased platelet 
aggregation. However, specific guidelines for the administration and pharmacological evaluation of this therapy do not 
exist currently. We examined the benefits of perioperative platelet aggregation monitoring in a cohort of patients.
Methods: We had 377 patients with unruptured intracranial aneurysms who underwent stent-assisted embolization at our 
hospital between December 2012 and November 2019. We ultimately included 181 patients in our final analysis. These 
patients were continuously administered aspirin (100 mg/day) and clopidogrel (75 mg/day) for more than 5 days before the 
procedure to the post-procedural period. Of these patients, 30 patients who underwent light transmission aggregometry 
(LTA) before procedure, post-procedure (3 days after procedure), and at first post-discharge clinic visit were included as the 
subjects. The following characteristics were studied: age; sex; presence/absence of hypertension, dyslipidemia, and/or 
diabetes mellitus; location of aneurysm; type/number of stent; technique for stent placement; duration of preoperative multiple 
antiplatelet therapy; perioperative platelet aggregation test results; and postoperative ischemic or hemorrhagic complications.
Results: Among these 30 patients, the median duration of antiplatelet therapy prior to the preoperative platelet aggregation 
measurements was 7 (interquartile range [IQR]: 6–8) days, and post-discharge measurement of LTA was performed at a 
median period of 27 (IQR: 22–35.5) days after procedure. The preoperative, postoperative, and first post-discharge clinic 
visit LTA values for adenosine diphosphate (ADP)-induced platelet aggregation were 50% (IQR: 44–54%), 42.5% (IQR: 
36–48%), and 36% (IQR: 32–40%), respectively. These results represented gradual decrease in LTA values and a significant 
difference between the preoperative and post-discharge values. The LTA values for collagen aggregation showed a 
significant difference evident between the preoperative and post-discharge values; preoperative 38% (IQR: 27–60%), 
postoperative 42% (IQR: 30–58%), post-discharge 28% (IQR: 20–42%), respectively. We had one thromboembolic 
complication and one hemorrhagic complication. The results indicated that appropriate platelet aggregation monitoring 
during multiple antiplatelet therapy prevents thromboembolic complications such as stent thrombosis. However, we also 
found that many patients demonstrated increased postoperative platelet aggregation inhibitory effects due to the 
postoperative continuation of the same multiple antiplatelet therapy that was used preoperatively. 
Conclusion: This study demonstrates that postoperative, continuous, oral antiplatelet therapy induces increased platelet 
aggregation inhibition effects, which may lead to hemorrhagic complications. Therefore, continued platelet aggregation 
monitoring after surgery may be important to allow for any necessary alterations to the therapeutic dose and regimen.
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Introduction

The usefulness of perioperative antiplatelet therapy for the 
prevention of thromboembolic complications arising from 
coil embolization of unruptured intracranial aneurysms has 
been established.1,2) However, during stent-assisted coil 
embolization and flow-diverter placement for intracranial 
aneurysms, the elevation in wall shear stress at the stent 
implantation site may lead to impaired vascular endothelial 
function, increased platelet aggregation, and increased 
perioperative thromboembolic complications.3–5) Because 
these complications may become severe, prophylactic 
multiple antiplatelet therapy is typically introduced preop-
eratively.6–8) Platelet aggregation measurements prior to 
intracranial stent placement are now frequently performed 
to evaluate multiple antiplatelet therapy. However, a con-
sensus on the dosing regimen and drug efficiency monitor-
ing has not yet been reached. While consensus regarding 
percutaneous coronary stent placement has been reached in 
the field of cardiovascular medicine,9,10) applying the same 
criteria to cerebral endovascular treatment may not be 
appropriate.3,11,12) Therefore, developing criteria for cere-
bral endovascular treatment is critical.

Although a large-scale, prospective study may be the 
most effective way to develop the criteria for cerebral endo-
vascular treatments, insufficient inhibition of platelet aggre-
gation may lead to severe thromboembolic complications. 
Therefore, conducting such a study in routine clinical set-
tings is difficult. Hence, in many cases, dose and therapeutic 
regimens must be adjusted based on the results of platelet 
aggregation tests. In addition, clear evidence is not available 
regarding the interpretation of the results and subsequent 
dose adjustments, making it difficult to reach a consensus. 
Although preoperative platelet aggregability is often dis-
cussed, postoperative platelet aggregability monitoring is 
rarely reported; dose reduction or discontinuation of the 
multiple antiplatelet therapy may be an important issue. 

Therefore, we examined the benefits of drug efficacy 
monitoring by continuously measuring and analyzing 
platelet aggregability in patients who were candidates for 
stent-assisted embolization of intracranial aneurysms at 
our institution. 

Materials and Methods

Patients
The study participants were allowed to opt-out, and the 
study design was approved by the Ethics Committee of 

Juntendo University Hospital (Approval No. 19-203). A 
total of 377 patients who underwent stent-assisted coil 
embolization for intracranial aneurysms between Decem-
ber 2012 and November 2019 and received preoperative 
and perioperative multiple antiplatelet therapy consisting 
of aspirin, clopidogrel, and cilostazol, and were included in 
this retrospective analysis. Among these, 196 patients were 
excluded because of the variance in antiplatelet therapy 
regimen. The remaining 181 patients who received aspirin 
at 100 mg/day and clopidogrel at 75 mg/day for more than 
5 days prior to the preoperative platelet aggregation mea-
surements and continued the same antiplatelet therapy 
after procedure, since clopidogrel takes 3–5 days for its 
platelet aggregation inhibitory effects to reach steady state, 
were included in the study. Of these 181 patients, 30 
patients were finally included as the subjects, who under-
went the light transmission aggregometry (LTA) and Veri-
fyNow before procedure as well as underwent LTA 3 days 
after procedure and after discharge at outpatient setting. 
The remaining 151 patients were excluded from the study 
(Fig. 1). The following characteristics were studied: age; 
sex; presence/absence of hypertension, dyslipidemia, and/
or diabetes mellitus; location of aneurysm; type/number of 
stent; technique for stent placement; duration of preopera-
tive multiple antiplatelet therapy; perioperative platelet 
aggregation test results; and postoperative ischemic or 
hemorrhagic complications.

Platelet aggregation test
Platelet aggregability was evaluated using both LTA (MCM 
HEMA TRACER 313M; MC MEDICAL, Tokyo, Japan) 
and VerifyNow (Accumetrics, San Diego, CA, USA). 
Although LTA is the current gold standard for platelet 
aggregation testing, VerifyNow is a point-of-care testing 

Fig. 1 Flow diagram of patient selection
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Endovascular procedures
We performed all procedures under general anesthesia and 
inserted 6F guiding sheath via right common femoral 
artery, and catheterized 6F distal access catheter to intra-
cranial internal carotid or vertebral artery. In most cases, 
we placed the stent before coil insertion into the aneurysm 
using the jailing technique, and in some cases we used the 
stent as a rescue stent after coil embolization. Stent-assisted 
coil embolization may involve complications related to 
stent placement, including thromboembolism and incom-
plete stent apposition. Therefore, extra caution was taken 
to avoid stent fracture and incomplete stent apposition to 
the parent vessel, and if necessary, adequate stent expan-
sion and stent apposition to the vascular wall was per-
formed using a balloon catheter. Intraoperatively, heparin 
(4000–6000 U) was administered intravenously after sheath 
insertion, with additional doses provided to maintain an 
activated clotting time >250 s. After the procedure, we did 
not add any antithrombotic drugs to aspirin at 100 mg/day 
and clopidogrel at 75 mg/day in most cases. In some cases, 
we used ozagrel sodium at 160 mg/day for 3–7 days or arg-
atroban hydrate at 30–60 mg/day for 2–3 days.

Statistical analysis
Continuous variables were reported as median interquartile 
range (IQR) and categorical variables were reported as 
counts and percentage. The Friedman test was performed 
to test for significant changes of LTA at three different tim-
ings (preoperative, postoperative at day 3, and post-dis-
charge). The Wilcoxon signed-rank tests were performed 
to compare the differences between two measurements. A 
significance threshold of 0.01 was chosen for statistical 
analysis. This is slightly more conservative than Bonfer-
roni’s correction, with a threshold of 0.01 that accounts for 
the three different timings analyzed (0.05/3 = 0.017). 

Results

The characteristics of the patients are shown in Table 1. 
Of the 30 patients, 7 were males and 23 were females, with 
a median age of 67 (IQR: 54–72) years. Past medical his-
tory included hypertension in 19 patients, dyslipidemia in 
7 patients, and diabetes in 3 patients. The location of aneu-
rysms of these patients is shown in Table 2. The median 
duration of antiplatelet therapy prior to the preoperative 
platelet aggregation measurements was 7 (IQR: 6–8) days. 
Post-discharge measurement of LTA was performed at a 
median period of 27 (IQR: 22–35.5) days after procedure. 

device that demonstrates a high correlation with LTA.13–16) 
Although both tests measure light transmission through 
samples to detect changes caused by platelet aggregation, 
LTA uses plasma samples, whereas the VerifyNow instru-
ment uses whole blood samples. Because LTA is an expen-
sive and cumbersome procedure, many studies use 
point-of-care testing devices, such as VerifyNow, as an 
alternative. However, LTA is approved in Japan for the 
on-label indication of platelet aggregation testing, and is 
thus covered by national health insurance, whereas Veri-
fyNow is not. Therefore, LTA was used for both preopera-
tive and postoperative platelet aggregation testing, whereas 
VerifyNow was used only for preoperative testing. Thus, we 
mainly used LTA for the evaluation of platelet aggregation, 
and VerifyNow was used accessorily when we evaluated 
preoperative platelet aggregation. As shown in Fig. 2, pre-
operative testing using LTA and VerifyNow occurred 1 day 
before surgery, except for 1 case which was tested 3 
days before procedure. Postoperative platelet aggregation 
testing 3 days after surgery and at first visit outpatient after 
discharge was performed with only LTA.

For LTA, the effective cutoff values for ADP-induced 
platelet aggregation and collagen aggregation were set at 
≤50% and ≤60%, respectively. For VerifyNow testing, the 
effective cutoff values for the P2Y12 reaction unit (PRU) 
and aspirin reaction unit (ARU) were set at ≤230 and ≤550, 
respectively. The cutoff scores were based on previously 
published results.7,10,17,18) Despite significant correlation 
between LTA and VerifyNow results,13) they are not always 
considered equally effective for determining platelet aggre-
gation. Hence, we considered patients with results above 
the cutoff value in both tests to be resistant to the antiplate-
let therapy, whereas other patients were considered not to 
be resistant. The patients were divided into the suspected 
clopidogrel-resistance group (i.e., patients with both 
ADP-induced platelet aggregation and PRU values above 
the cutoff value) and the suspected aspirin-resistance group 
(i.e., patients with both collagen-induced platelet aggrega-
tion and ARU values above the cutoff value).

Fig. 2 Regimen for platelet aggregation test. IQR: interquartile 
range; POD: postoperative day
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No significant association was evident between the low 
response to clopidogrel and underlying diseases (hyperten-
sion, dyslipidemia, and diabetes).

Table 3 shows the type of implanted stents and tech-
nique of stent placement. In all, 25 patients had a single 
stent implanted, and the remaining 5 patients had dual 

The Friedman test was conducted on 30 individuals to 
examine the effect at three different timings. ADP-induced 
platelet aggregation was found to be significantly different 
between the three timings (p <0.001). The preoperative, 
postoperative, and first post-discharge clinic visit LTA val-
ues for ADP-induced platelet aggregation were 50% (IQR: 
44–54%), 42.5% (IQR: 36–48%), and 36% (IQR: 32–40%), 
respectively. These results represented a statistically signif-
icant, but gradual decrease in LTA values and a significant 
difference between the preoperative and post-discharge 
values (Fig. 3). Collagen-induced platelet aggregation was 
also significantly different between the timings (p <0.001). 
The LTA values for collagen aggregation showed a signifi-
cant difference evident between the preoperative and 
post-discharge values with preoperative 38% (IQR: 
27–60%), postoperative 42% (IQR: 30–58%), and post-dis-
charge 28% (IQR: 20–42%), respectively (Fig. 4). In com-
parison, the preoperative and post-discharge values in 25 
of 30 patients had decreased in ADP-induced platelet 
aggregation, and 24 of 30 had decreased in collagen- 
induced platelet aggregation. In VerifyNow, which was 
another modality that we used for the evaluation of preop-
erative platelet aggregation, the PRU and ARU values 
were 175 (IQR: 150–230) and 403 (IQR: 391–472), respec-
tively. There were three patients in the suspected clopido-
grel-resistant group, and there was none in the suspected 
aspirin-resistant group.

Table 1 Patient background
Patients (n = 30)

Median age 67 years (IQR: 54–72)
Sex Male 7 (23%), Female 23 (77%)
Hypertension 19 (63%)
Dyslipidemia 7 (23%)
Diabetes 3 (10%)

IQR: interquartile range

Table 2 Location of aneurysm (%)

ICA paraclinoid 7 (23)
VA 6 (20)
BA tip 5 (17)
ICA-PCoA 5 (17)
MCA 3 (10)
SCA 2 (7)
ACoA 1 (3)
PCA 1 (3)

ACoA: anterior communicating artery; 
BA: basilar artery; ICA: internal carotid 
artery; MCA: middle cerebral artery; PCA: 
posterior cerebral artery; PCoA: posterior 
communicating artery; SCA: superior 
cerebellar artery; VA: vertebral artery

Fig. 3 Long-term changes in light transmission aggregometry 
(ADP), each number above the bar means median and interquartile 
range. Post-discharge measurement of LTA was performed at a 
median period of 27 (IQR: 22–35.5) days after procedure. ADP: ade-
nosine diphosphate; LTA: light transmission aggregometry; POD: 
postoperative day; Pre: preoperative

Fig. 4 Long-term changes in LTA (collagen), each number above 
the bar means median and interquartile range. Post-discharge mea-
surement of LTA was performed at a median period of 27 (IQR: 
22–35.5) days after procedure. LTA: light transmission aggregometry; 
POD: postoperative day; Pre: preoperative
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Since clopidogrel resistance is considered a contributing 
factor of thromboembolic complications, the use of strict 
criteria for determining clopidogrel efficacy is expected. 
When gauging platelet inhibition responsiveness with the 
VerifyNow P2Y12 assay and the associated impact on 
thrombosis and safety (GRAVITAS trial) in the field of car-
diovascular medicine, the number of cardiovascular events 
occurring within the first 60 postoperative days signifi-
cantly decreased when PRU ≤208 was used as a cutoff 
value, although there was no significant difference when 
PRU ≤230 was used.17,19) Because there is currently no 
definite consensus regarding multiple antiplatelet therapy 
during intracranial stent placement,9,10,17,19) indicators with 
established evidence in cardiovascular medicine are often 
used as PRU cut-off values. However, applying evidence 
from cardiovascular medicine to cerebral endovascular 
treatment is not always appropriate because intracranial 
arteries are more likely to show clearer symptoms than cor-
onary arteries, and these vascular systems can differ in 
terms of vascular diameters, perfusion pressures, platelet 
aggregation induction, etc.3,11,12) Therefore, although the 
development of criteria for cerebral endovascular treat-
ment is urgently needed, a large-scale prospective study 
may be the most effective way to achieve such a guideline. 
However, insufficient inhibition of platelet aggregation 
may lead to very severe thromboembolic complications, 
making the conduction of such a study in the routine clini-
cal setting very difficult.

On the other hand, we demonstrated that the inhibitory 
effects of clopidogrel on ADP-induced platelet aggregation 
and those of aspirin on collagen-induced platelet aggrega-
tion increased over time. In a previous report, Delgado et 
al.7) defined the patients with a cutoff value of PRU ≤60 in 
VerifyNow as clopidogrel hyper-responders. However, a 
similar definition of clopidogrel hyper-responder in LTA 
could not be found. Moreover, there were few reports about 
the increase in the inhibitory effects of aspirin. In this study, 
we experienced only one hemorrhagic complication as 

stents implanted with overlapping technique or Y-configuration 
technique.

The complications observed in 3 of the 30 patients who 
underwent stent treatment included stent thrombosis in one 
patient, subarachnoid hemorrhage in one patient due to pull-
out injury of small branch of middle cerebral artery, and sub-
cutaneous hematoma in one patient at outpatient visit. The 
patient who had stent thrombosis experienced transient left 
hemiparesis, conjugated eye deviation to the right, and dys-
arthria 6 hours after procedure. However, the patient had full 
recovery after optimal medical treatment, including a bolus 
of heparin, continuous use of vasopressor, and hemodilution 
with fluid replacement. This patient showed sufficient plate-
let aggregation inhibitory effects (i.e., ADP 50%: collagen 
26% in LTA and PRU 184: ARU 408 in VerifyNow) 3 days 
before surgery (5 days after the start of oral administration). 
On the other hand, the patient who had subcutaneous 
hematoma showed increase of platelet aggregation inhibi-
tory effects (i.e., ADP/collagen in LTA was preoperative; 
53%/46%, postoperative; 48%/52%, post-discharge; 36%/32%, 
respectively). According to the result, we reduced the dose 
of clopidogrel from 75 to 50 mg/day. Thus, the subcutaneous 
hematoma was improved and the patient had no other com-
plications after the dose adjustment.

All 30 patients underwent postoperative magnetic reso-
nance imaging (MRI). The MRIs revealed that 23 of the 
patients had a new infarct lesion, but 22 of them were 
asymptomatic except for the patient with stent thrombosis.

Discussion

We investigated the efficacy of platelet aggregation moni-
toring and the changes of platelet aggregation inhibitory 
effect during continuation of dual antiplatelet therapy for 
stent-assisted coil embolization of cerebral aneurysm. The 
results revealed that the monitoring improved patient 
safety, and continuation of dual antiplatelet therapy caused 
increase in platelet aggregation inhibitory effect.

Table 3 Type, number, and technique of stent placement

Type Cases
Technique

Jail Trans-cell Combined* Rescue Others (dual stents)

Enterprise 14  7 0 1 3 3 (overlap)
Neuroform EZ  7  1 0 0 6 0
LVIS Jr  6  1 2 0 1 2 (Y-configuration)
Neuroform Atlas  2  2 0 0 0 0
LVIS Blue  1  1 0 0 0 0
Total number 30 12 2 1 10 5

*Combined means jail and trans-cell technique
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of aspirin (100 mg/day), clopidogrel (75 mg/day, 50 mg/day 
and 25 mg/day), and cilostazol (50 mg/day and 100 mg/
day) during the early days of stent-assisted coil emboliza-
tion, and we reduced preoperative dose of clopidogrel to 
50 mg/day according to body weight, especially for female 
patients. In addition, we had a small sample size with preop-
erative VerifyNow measurement during the late study 
period because we had considered the results of LTA to be 
fairly reliable and the running cost of VerifyNow was very 
high. Second, we could not define the threshold for clopido-
grel hyper-responder in LTA, and an association between the 
postoperative excessive inhibition of platelet aggregation 
and hemorrhagic complications. Third, we could not detect 
when the gradual increase in the inhibition effect of platelet 
aggregation has reached its plateau. Finally, the data may 
only represent individuals of one ethnic group; therefore, the 
influence of ethnicity on the results is unknown.

Conclusion

In this study, we examined the benefits of monitoring multiple 
antiplatelet therapies during stent-assisted embolization of 
intracranial aneurysms. We demonstrated the importance of 
continuous monitoring, postoperatively, to detect excessive 
inhibition of platelet aggregation. Future randomized studies 
are needed to clarify the efficacy and pharmacology of multi-
ple antiplatelet therapy for intracranial stent placement.
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