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Risk Factors after Reduction to Single
Antiplatelet Therapy for Postoperative
Ischemia of Intracranial Stent-assisted
Coil Embolization
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Objective: There are concerns regarding ischemic events associated with stent-assisted coil embolization. It is important
to evaluate the risk factors for delayed thromboembolic events. This study evaluated risk factors after reduction to single-
antiplatelet therapy 140-365 days after embolization.

Methods: We conducted a retrospective and cross-sectional study of patients who underwent stent-assisted coil
embolization. Sixty eight aneurysms in 67 patients with unruptured intracranial aneurysms or the chronic phase of
ruptured intracranial aneurysms between July 2010 and April 2014 were evaluated.

Results: Dual-antiplatelet therapy was administered for 157 + 65 days. Three patients who were administered the
single-antiplatelet agent experienced postoperative ischemic events. One patient experienced cerebral infarction
143 days after the procedure. One patient with over 50% in-stent stenosis experienced cerebral infarction 194 days after
the procedure. The final patient experienced transient ischemic attack (TIA) 223 days after the procedure, and re-
embolization was performed 209 days after the procedure. Postoperative ischemic events occurred more frequently in
severe in-stent stenosis patient (P <0.05).

Conclusions: However, severe in-stent stenosis may be a risk factor after reduction to single-antiplatelet therapy,
relatively few ischemic events occurred after cessation of dual-antiplatelet therapy.
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[ Introduction

The utility of stent-assisted coil embolization for the
endovascular treatment of intracranial aneurysms was
reported for achieving high packing density,” and man-
agement of coil deviation for aneurysms with a wide
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neck.>® However, there are still concerns about patients
experiencing a thromboembolic event after undergoing
stent-assisted coil embolization.*” The optimal anti-
platelet agent regimen has not yet been established.®®

The occurrence of a postoperative ischemic event is
more likely to happen during the early stages after the
procedure, and is associated with cessation of dual-
antiplatelet therapy, which may reflect the important rela-
tionship with delayed thromboembolic complications
after stent deployment.>% 810 Dual-antiplatelet therapy is
usually used for 3 weeks to 6 months after the procedure,
and single-antiplatelet agent is administered after discon-
tinuation of dual-antiplatelet therapy.*” However, the
increased likelihood of a hemorrhagic event caused by
multiple antiplatelet agents should be mentioned.!’!? 1t is
necessary to evaluate the risk factors for delayed throm-
boembolic events after reduction to single-antiplatelet
therapy and to determine more suitable period of dual-
antiplatelet therapy.
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If the risk factors after reduction to single-antiplatelet
therapy can be identified, then the timing necessary to
reduce antiplatelet agents could be determined. We pre-
viously evaluated ischemic and bleeding events within
140 days after the procedure, and reported the utility of
triple antiplatelet therapy for the first 6 weeks.!3 There-
fore, in the present study, we evaluated ischemic and
bleeding events over the course of 140 days after the
procedure.

| Materials and Methods

We conducted a retrospective, cross-sectional study from
July 2010 to April 2014. The data from the medical infor-
mation of patients who had unruptured intracranial aneu-
rysms or the chronic phase (=4 weeks after aneurysmal
rupture) of a ruptured intracranial aneurysm were col-
lected. The study protocol was approved by the local ethics
committee, and approval was obtained independently from
each institution.

To evaluate the risk factors of single-antiplatelet ther-
apy 140-365 days after stent-assisted coil embolization,
we included patients for whom proposed antiplatelet
therapy was maintained from the perioperative period to
365 days after the procedure. Triple- or dual-antiplatelet
therapy was used prior to the procedure. Preoperative
minimum doses were 200 mg aspirin, 300 mg clopido-
grel, and 100 mg cilostazol. Maintenance doses were
81-100 mg/day aspirin, 75 mg/day clopidogrel, and
200 mg/day or 100200 mg/day (during triple-antiplatelet
therapy) cilostazol. After cessation of triple-antiplatelet
therapy, dual-antiplatelet therapy was used.

Dual-antiplatelet therapy was maintained for at least
8 weeks after the procedure. Neurologic and radiologic
evaluations, including MRI and DSA, were executed
within several months after the procedure. After the
follow-up evaluation, conversion from dual-antiplatelet
therapy to single-antiplatelet therapy was performed. After
cessation of dual-antiplatelet therapy, single-antiplatelet
therapy was maintained over 365 days after the procedure.
The timing of the follow-up evaluation, the selection of the
antiplatelet drugs, and the duration of multiple antiplatelet
therapies were left to the decision of the attending doctors.

Assessments by the neurologist or neurosurgeon 1 year
after the procedure were required. If patients failed to com-
ply, then they were excluded from the study.

Procedures were performed with general anesthesia,
and heparin was administered before stent insertion. Final
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angiography was performed after embolization at the
working projection to evaluate the occlusion grade accord-
ing to the Raymond grade'¥ and to detect any complica-
tions. To assess the risk factors for single-antiplatelet agent
administration 140 days after embolization, ischemic and
bleeding events were checked 140-365 days after the
procedure.

Definitions
The medical records depended on results of the patients’
information and examinations. DSA, 3D DSA, MRI, and
time-of-flight MRA for preoperative aneurysmal evalua-
tions were performed and results were recorded. If the
patient had stroke-like symptoms, then those symptoms
were checked and imaging diagnosis was performed.
Cerebral infarction, transient ischemic attack (TIA),
or symptoms of the eyes were determined for postopera-
tive ischemic events. Cerebral infarction was defined if
the patient experienced newly persistent neurologic dys-
function or if additional imaging abnormalities displayed
cerebral infarction (i.e., additional high-intensity area
detected by diffusion-weighted and T2-weighted MRI
examination). TIA was determined if a temporary epi-
sode of neurologic deterioration occurred without new
imaging abnormalities indicating cerebral infarction. If
the patient experienced eye symptoms, then an ophthal-
mologist evaluated the patient. We defined a bleeding
event if the patient experienced significant bleeding
requiring blood transfusion, if intracranial bleeding was
observed, or other important bleeding events as judged
by each physician.
Target-lesion stenosis was determined using the
Warfarin-Aspirin Symptomatic Intracranial Disease Study
method in the follow-up DSA; the exact degree of stenosis
was measured by comparing the diameter of the vessel at
the site of stenosis (D stenosis) with the normal diameter of
the vessel just distal to the stenosis (D distal) using the
following formula:

% stenosis = (1 — [D stenosis/D distal]) x 100%.'>

Statistical analysis

The Mann—Whitney U-test was used for evaluation of sig-
nificant differences in age, aneurysm size, and diameter of
the parent artery. The Fisher’s exact test was used for
assessing all other parameters. Data are presented as the
mean * standard deviation. Statistical significance was
accepted if the probability level was less than 0.05.
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98 cases underwent stent-assisted coil embolization

30 cases were excluded:
9 cases (2 stent constructs, waffle cone)
9 cases (complication during procedure)
1 case (recent ipsilateral CAS)
5 cases (not evaluated by DSA)
6 cases (continuation of DAPT over 365 POD)

Study population = 68 cases
Duration of the dual antiplatelet therapy:157 £ 65 days

1 case of CI (143 POD)

1 case of TIA (223 POD after re-embolization)

Postoperative ischemic event with single APT: 3 cases

1 case of CI (194 POD with severe in-stent stenosis)

No postoperative ischemic or bleeding
event with single APT: 65 cases

Fig. 1

Study flow chart. APT: antiplatelet therapy; CAS: carotid artery stenting; CI: cerebral infarction; DAPT:

dual-antiplatelet therapy; POD: postoperative day; TIA: transient ischemic attack

| Results

Figure 1 shows the study flow. Of the 256 patients who
had unruptured intracranial aneurysms or the chronic phase
(>4 weeks after aneurysmal rupture) of a ruptured intra-
cranial aneurysm during the 46 months, we excluded
146 patients who were not treated with a stent construct.
Thirteen patients were not able to maintain the proposed
antiplatelet therapy from the perioperative period to
365 days after the procedure.

We enrolled 97 patients (98 cases) who underwent
stent-assisted coil embolization, and excluded 30 cases
from the present study. Nine cases were treated by two
stent constructs (coaxial and Y stent technique) or the
waffle cone configuration. Nine cases experienced compli-
cations during the procedure (five cases experienced rup-
ture of aneurysm or arterial perforation, two cases
experienced coil migration to the parent artery that needed
stent deployment emergently to fix the coil deviated out of
the aneurysm and these patients experienced perioperative
ischemic events, and two cases experienced dissection of
the artery by catheter manipulation). One case experienced
cervical carotid artery stenting at the ipsilateral side of the
aneurysm within 3 months before coiling. We did not eval-
uate in-stent stenosis using DSA for five cases. Six cases
were administered dual-antiplatelet therapy more than
365 days after the procedure.

Therefore, we evaluated 68 aneurysms in 67 patients
(14 men and 53 women). The aneurysms were located in
the internal carotid artery in 46 cases, the anterior commu-
nicating artery in seven, the middle cerebral artery in one,
the vertebral-basilar artery in 12, the anterior cerebral
artery in one, and the posterior cerebral artery in one case.
The Enterprise VRD (Codman Neurovascular, Raynham,
MA, USA) was deployed in 47 cases, and the Neuroform
stent (Stryker Neurovascular, Fremont, CA, USA) was
deployed in 21 cases. Thirty three cases were administered
triple-antiplatelet therapy, and 35 cases were administered
dual-antiplatelet therapy during the early postopera-
tive period. Thirty one cases were switched from dual-
antiplatelet therapy to monotherapy before 140 days after
the procedure, and they did not experience postoperative
ischemic events within 140 days after the procedure. Thirty
seven cases were switched from dual-antiplatelet therapy
to monotherapy within 140-365 days after the procedure.
The dual-antiplatelet therapy was administered for 157 +
65 days (mean * standard deviation; median = 143 days;
range, 58-342 days).

Between 140 and 365 days after the procedure, 3 of
the 68 cases experienced ischemic events. They experi-
enced motor weakness and/or sensory disturbance on the
opposite side of the aneurysm and/or dysarthria and/or
ataxia, which indicated the region of the vessel with stent
deployment. These three cases were administered the

Journal of Neuroendovascular Therapy Vol. 11, No. 12 (2017) ‘ 603 ‘



Mitsutake T, et al.

Fig. 2 Angiography of an in-stent stenosis case. (A) DSA per-
formed before the deployment of the coil and stent. (B) DSA
performed 183 days after the procedure showed in-stent
stenosis over 50%.

single-antiplatelet agent when the postoperative events
occurred. We did not find evidence of arterial fibrillation
or other cardiogenic embolic risk factors for these three
cases. Before this study period, six cases experienced a
postoperative ischemic event (two cases experienced
mild cerebral infarction and four cases experienced TIA)
within 140 days after the procedure; however, they did
not experience postoperative ischemic events during this
study period.

One case of cerebral infarction in the area of the stented
vessel occurred 143 days after embolization of the vertebral-
basilar artery aneurysm, 36 days after the antiplatelet agent
was reduced from aspirin and clopidogrel to aspirin alone.
Clopidogrel was reinstituted after postoperative ischemic
events, and the antiplatelet therapy was reduced again from
aspirin and clopidogrel to only clopidogrel 342 days after
the procedure, without additional ischemic events.

One patient experienced cerebral infarction 194 days after
embolization of the internal carotid artery aneurysm. In-stent
stenosis over 50% was defined as DSA 183 days after the
procedure, and antiplatelet therapy was reduced from
cilostazol and clopidogrel to cilostazol alone. Clopidogrel
was reinstituted after postoperative ischemic events occurred,
but no additional ischemic event occurred (Fig. 2).

The other patient experienced TIA 223 days after embo-
lization of the internal carotid artery aneurysm. Antiplate-
let therapy was reduced from aspirin and clopidogrel to
aspirin alone 185 days after the procedure. Because of coil
compaction, re-embolization was performed 209 day after
the procedure. Clopidogrel was reinstituted after postoper-
ative ischemic events, without additional ischemic events.
All of the patients’ symptoms were mild, and they were
able to go home without assistance.

In-stent stenosis of 50% or more was found in one case
on postoperative follow-up DSA. As mentioned above, this
patient experienced cerebral infarction after reduction to
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single-antiplatelet therapy. Incomplete occlusion (residual
neck or sac) was found in nine cases. Re-embolization after
stent implantation was performed in two cases. In one of
the two re-embolization cases, re-embolization was per-
formed with dual-antiplatelet therapy at 154 days after the
procedure, and antiplatelet therapy was reduced from aspi-
rin and cilostazol to aspirin alone 339 days after the proce-
dure, without postoperative ischemic and bleeding events.
As mentioned above, one patient experienced TIA.

Postoperative bleeding events and adverse events
requiring termination of the antiplatelet agent did not occur
during this study period.

We compared clinical information between patients
who experienced postoperative ischemic events (three
cases) and the other cases (65 cases). Postoperative isch-
emic events occurred more frequently in in-stent stenosis
patients, and were statistically significant (Fisher’s exact
test; P = 0.04). There were no statistically significant dif-
ferences in other indices (Table 1).

| Discussion

The ischemic events after stent-assisted coil embolization
were most likely to occur during the early period after embo-
lization.'® The rate of ischemic events was 3%—22%.%710
Delayed ischemic events were associated with cessation of
dual-antiplatelet therapy.®® However, life-threatening and
major bleeding events occurred at a rate of 1.21%/year
with single-antiplatelet therapy and 2.00%/year with
dual-antiplatelet therapy.'?

The anti-thrombotic property of stents could be associ-
ated with functional neointimal maturation. Animal exper-
iments and angioscopic investigations of the coronary
arteries regarding the neointima around the stent were
reported.'”'® The neointima was thickened up until
6 months after stenting for the coronary arteries and then
thinned over a 3 year period.'” Thrombus was observed
more often during the early period and disappeared com-
pletely at 3 years.

This neointimal maturation may occur around the stent
at the cerebral artery after intracranial aneurysm treatment.
Neointimal remodeling was found histologically around
the stent in the cerebral artery after intracranial aneurysm
therapy.'? Enterprise stent deployment causes in-stent ste-
nosis 4—6 months after the procedure. This time-dependent
phenomenon was completely resolved by 12-24 months
after treatment.?” In our study, a patient who experi-
enced ischemic events 143 days after the procedure and
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Table 1 Statistical comparison of the group that experienced postoperative ischemic events and the one that did not

N
Gender (men)
Age (y)
Hypertension
Diabetes mellitus
Dyslipidemia
Ischemic heart disease
History of cerebral infarction
History of subarachnoid hemorrhage
Re-embolization (past coiling before stent implantation)
Re-embolization (coiling after stent implantation)
Postoperative ischemic event within 140 POD
In-stent stenosis (>50%)
Neck size of aneurysm (mm)
Dome size of aneurysm (mm)
Diameter of parent artery (mm)
Stent types
Enterprise
Neuroform
Antiplatelet therapy early postoperative period
Triple
Dual
Antiplatelet agent
Aspirin
Clopidogrel
Cilostazol
Raymond score
Complete occlusion
Incomplete occlusion (residual neck or sac)

Postoperative Postoperative
. . . . P value
ischemic events (+) ischemic events (-)
3 65
1 13 0.5
57 +14 60+ 14 0.6
2 28 0.5
0 5 1
1 18 1
0 4 1
0 3 1
1 2 0.1
1 4 0.2
1 1 0.08
0 6 1
1 0 0.04*
42+1.0 49+1.7 0.5
5.0£1.3 6.4+2.8 0.3
3.1+£0.8 3.3+£0.8 0.6
45
20 1
31
1 34 0.6
1 40
1 17
1 8 0.3
3 56
0 9 1

The Mann-Whitney U-test was used to determine significant differences in age, aneurysmal size, and diameter of the parent artery. Fisher’s
exact test was used for assessing all other parameters. “P <0.05 indicates statistical significance. POD: postoperative day

was reinstituted with dual-antiplatelet therapy was shifted
to single-antiplatelet therapy 342 days after the procedure
without additional ischemic events.

The neointimal situation of severe in-stent stenosis may
not have had adequate anti-thrombotic properties for single-
antiplatelet therapy. Angiographic in-stent stenosis was
seen in 3.4% (2.0% displayed 50% or greater in-stent steno-
sis) of patients in whom the Enterprise stent was used.'”
With the Neuroform stent, a 5.8% rate of moderate-to-
severe (>50%) in-stent stenosis was found.? Spontaneous
partial or complete resolution of severe in-stent stenosis
was found after stent-assisted coil embolization.!%2!22 If
patients have no symptoms, then “watchful waiting” may
be useful.2 However, in-stent stenosis could be symptom-
atic, and some cases may require endovascular treatment or
surgical bypass?" and reinstitution of dual-antiplatelet ther-
apy.>® Chalouhi et al.”® reported that patients with in-stent
stenosis were continued or reinstituted with dual-antiplatelet
therapy and experienced no symptoms during follow-up.

The relationship between re-embolization after stent
implantation and postoperative ischemic events was
unknown. During this study, one patient experienced TIA

2 weeks after re-embolization with single-antiplatelet
therapy. This event was considered a perioperative com-
plication. Previously, incomplete occlusions were consid-
ered to be risk factors associated with delayed ischemic
events after stent-assisted coil placement.” In our study,
the incidence of postoperative ischemic events in incom-
plete occlusion cases was not statistically significant.

In this study, the average period of dual-antiplatelet ther-
apy was 157 + 65 days. We encountered three patients with
an ischemic event with single-antiplatelet therapy during
140-365 days after the procedure. One postoperative isch-
emic event was considered a perioperative complication of
re-embolization. One of these ischemic events was associ-
ated with severe in-stent stenosis. However, severe in-stent
stenosis could be symptomatic and require continued or
reinstituted dual-antiplatelet therapy,?'=?® there were rela-
tively few ischemic events during this study interval.

Limitations

One of the limitations of the present study involved anti-
platelet function. P2Y 12 reaction units and aspirin reaction
units were not checked by monitoring systems such as the
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VerifyNow Assay (Accumetrics, San Diego, CA, USA). This
equipment could not be used at our institution during the
study period. There have been reports indicating an 8%—45%
incidence of aspirin resistance,”” and non-responders and
low responders to clopidogrel comprised 28% of the volun-
teers.”> However, the statistically significant differences
between each antiplatelet therapy was not defined in the pres-
ent study, antiplatelet resistance should be considered.

This study involved a small number of cases. In addi-
tion, we excluded 30 cases because of the large variation of
the study populations. Postoperative ischemia tended to
occur in the early stage after the procedure;'® therefore,
relatively few ischemic events occurred during the mid-
term period. The statistical power of the study could have
been insufficient and the antiplatelet agent regimen was not
consistent. The decisions of each doctor may have been
reflected in drug selection, and this selection bias could
have affected the study results.

To overcome these limitations, a prospective and ran-
domized trial with a larger number of patients is needed.
Furthermore, more suitable antiplatelet administration for
stent-assisted coil embolization and management for
patients who experience perioperative complications need
to be evaluated.

| Conclusion

However, severe in-stent stenosis may be a risk factor after
reduction to single-antiplatelet therapy, there were rela-
tively few ischemic events after cessation of dual-antiplatelet
therapy administered 157 + 65 days after the procedure.
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