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After Endovascular Embolization of Unruptured Intracranial
Aneurysms
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Abstract

Background: Antiplatelet therapy (APT) is indispensable to prevent
ischemic complications of unruptured intracranial aneurysms (UI-
CAs); however, long-term APT can cause hemorrhagic complica-
tions. We evaluated the rates of use and factors for long-term APT in
patients who underwent endovascular embolization of UICA.

Methods: A total of 175 UICAs in 169 patients were studied. Dual
APT was initiated, pre-operatively. Embolization of the UICAs was
achieved with four different endovascular methods: single/double
catheter (41% of the cases), balloon-assisted (50%), stent-assisted
(9%), and internal trapping (2%). Single APT was utilized for 1 - 3
months in patients who were not treated with a stent. In patients who
were treated with the stent-assisted method, dual APT was continued
for 3 - 6 months, with transition to single APT.

Results: The rates of pre-operative APT were 13%, 87%, and 0.6%
in the single, dual, and triple APT therapy groups, respectively. APT
was necessary for over 1 year in 18% of patients; 11% of the patients
needed long-term PT because of aneurysm-specific factors (20 cases:
stent placement, 16; stenosis of the branch artery of the aneurysm,
one; coil protrusion to the parent artery, two; coil migration, one), and
the indication was patient-specific for 7% (nine cases: coronary artery
disease, five; cerebral artery disease, four). Delayed ischemic events
occurred in 1.1% (two cases); one cerebral infarction was associated
with stent-assisted embolization and one occurred due to stenosis of
the branching artery.

Conclusions: The most common indication for long-term APT was
stent placement. Stenosis of the branch artery of the aneurysm, coil
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protrusion into the parent artery, and coil migration were the other
reasons for long-term APT. The use of stents should be limited to
the management of wide-neck or large aneurysms to prevent delayed
ischemic and hemorrhagic complications.

Keywords: Unruptured intracranial aneurysm; Endovascular emboli-
zation; Antiplatelet therapy; Stent-assisted embolization

Introduction

Endovascular embolization is now a standard therapeutic op-
tion for intracranial aneurysms. Recently, stent-assisted em-
bolization for cerebral aneurysms (SAC) has become popu-
lar; however, antiplatelet therapy (APT) is needed to prevent
delayed ischemic strokes after SAC. After SAC, the standard
course of treatment includes 3 - 9 months of dual APT (DAPT)
with aspirin and clopidogrel, followed by single APT (SAPT),
with discontinuation of APT. It has not been determined
whether APT is needed after embolization of intracranial an-
eurysms that involve coil protrusion from the aneurysm to the
parent artery, or coil migration into the distal cerebral arteries.
In this study, the rates of use and indications for APT after en-
dovascular embolization for unruptured intracranial aneurysm
(UICA) were retrospectively studied. In addition, we report on
the complications of APT that occurred after coil embolization
for UICA.

Materials and Methods

We retrospectively analyzed the clinical and radiologic data of
226 patients with UICA who underwent endovascular emboli-
zation between January 2010 and June 2013 in our associated
hospitals. These cases were considered suitable for emboliza-
tion after evaluation by neurosurgeons and neurointervention-
alists, or because the patient refused clipping. Informed con-
sent of the endovascular treatment was obtained in all patients.
This study included patients who underwent endovascular
embolization and were then followed up for over 1 year. Pa-
tients with UICAs associated with ruptured aneurysms, those
who underwent re-treatment, and those who did not present for
follow-up for over 1 year, were excluded. A total of 175 Ul-
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Figure 1. A representative case of a post-procedural ischemic stroke. (A) Pre-operative angiography shows a wide-neck aneu-
rysm of the anterior communicating artery with a maximum diameter of 17 mm. (B) Pre-operative angiography. (C) Postoperative
angiography reveals complete occlusion of the aneurysm with assisted stent. (D) The patient experienced transient left hemipa-
resis 1 day after the procedure. The antiplatelet and anti-coagulation therapies were intensified.

CAs in 169 patients were included. The sample included 71%
of females, and the mean patient age was 60.2 years (range,
27 - 84 years). The mean maximum aneurysm diameter was
7.3 mm (range, 2.0 - 22 mm). Aneurysmal locations were the
internal carotid artery (ICA) in 64%, anterior communicat-
ing artery (Acom) in 6%, anterior cerebral artery (ACA) in
3%, middle cerebral artery (MCA) in 5%, vertebral artery in
5%, basilar artery in 16%, and posterior cerebral artery in 1%.
DAPT (aspirin, 100 mg; clopidogrel, 75 mg daily) was admin-
istered for more than 4 days before endovascular embolization.
A total of 98% of aneurysms were treated with embolization,
and 2% were treated with internal trapping. Embolization of
the aneurysm was performed using the simple/double catheter,
balloon-assisted, and stent-assisted technique in 41%, 50%,
and 9% of aneurysms, respectively. Systemic heparinization
was performed to achieve a value of about 250 s of activated
coagulation time.

Postoperatively, anti-coagulation therapy (heparin or arga-
troban) was prescribed, if necessary. In cases where SAC was
not performed, SAPT (aspirin 100 mg daily or clopidogrel 75
mg daily) was prescribed for 1 - 3 months, and then APT was
discontinued. In cases of SAC, DAPT was prescribed for 3 - 6
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months and then SAPT was continued over 1 year (aspirin,
clopidogrel, or cilostazol).

Results

Technical success was achieved in 98.9% of cases. RS1, 2,
and 3 were obtained in 55%, 23%, and 23% of cases, respec-
tively. Postoperatively, ischemic complications with transient
neurological symptoms occurred in 2.3% (four cases), and
permanent neurological symptoms were developed in 2.3%
(four cases: narrowing of visual field, two; hemi-sensory dis-
turbance, one; trunk ataxia, one).

In 93% of patients, DSA or MRA was performed 6 months
or more after the procedure. Recurrence was performed identi-
fied in 8.0% (14 cases) with a mean follow-up period of 19
months, and retreatment with endovascular embolization was
performed in 2.9% (five cases).

Delayed ischemic events occurred in 1.1% (two cases)
(Figs. 1 and 2). One of them was a large Acom large aneu-
rysm treated with SAC (Fig. 1). The patient received DAPT
with 100 mg of aspirin and 75 mg of clopidogrel. Postopera-
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Figure 2. A representative case of post-procedural ischemic stroke. (A) Pre-operative angiography shows basilar-right superior
cerebellar artery (SCA) aneurysm. (B) Postoperative angiography shows dome filling of the aneurysm. (C, D) MRI-DWI and MRA
12 days after the procedure, due to sudden trunk ataxia. Left cerebellar infarction occurred due to thrombosis of right SCA. The
arrow shows stenosis of the SCA. Antiplatelet and anti-coagulation therapies were adjusted. (E) MRA 25 days after the procedure
demonstrated recanalization of the SCA with weak signal of origin of right SCA. (F) Angiography 6 months after the procedure
shows complete occlusion of the aneurysm and complete recanalization of right SCA.

tively, 10,000 units per day of heparin were continued. The
day after SAC, the patient experienced transient left hemipa-
resis and diffusion-weighted imaging (DWI) revealed multiple
spotty new infarctions. In this case, malposition of the stent
was thought to be the cause of a delayed embolism. Triple APT
was continued for 2 months with 200 mg of cilostazol, 100
mg of aspirin, and 75 mg of clopidogrel. Neurological deficit
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was completely recovered. DPT of aspirin and clopidogrel was
continued for additional 4 months, and SAPT with aspirin was
continued. Other case was patient with basilar superior cer-
ebellar artery (SCA) aneurysm (Fig. 2). The patient received
APT of oral 100 mg of aspirin and 75 mg of clopidogrel. The
clopidogrel was then discontinued postoperatively. Twelve
days after embolization with the simple technique, the patient
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Figure 3. Durations of oral antiplatelet therapy before and after endovascular embolization of unruptured intracranial aneurysms.

suddenly developed trunk ataxia and right hemi-ataxia. DWI
revealed a new right cerebellar new infarction with an occlud-
ed SCA. The patient was diagnosed with thrombus formation
after coil embolization. The patient received injection for 7
days and DAPT with aspirin and clopidogrel for 6 months, and
was maintained on SAPT with aspirin.

Pre-operative APT

The durations of the preoperative and postoperative APT are
shown in Figure 3. Preoperatively, the rates of SAPT, DAPT,
and triple APT were 12.0%, 87.4%, and 0.6%, respectively.
All of the patients receiving SAPT were on aspirin. In the pa-
tients receiving DAPT, 98.9% were receiving the combination
of aspirin and clopidogrel, and 1.1% were receiving aspirin
and cilostazol 1.1%. Triple APT was combination of aspirin,
clopidogrel, and cilostazol. In nine cases, APT had been initi-
ated for indications other than UICA: ischemic heart disease or
coronary stent placement in five cases, and cerebral infarction
or cerebra artery stenosis in four cases. There were no major
hemorrhagic complications such as cerebral hemorrhages or

gastric bleeding requiring blood transfusions.
Postoperative anti-coagulation therapy and APT

Postoperatively, 53% of patients received anti-coagulation ther-
apy (heparin or argatroban) for 24 - 48 h. All patients who un-
derwent SAC received postoperative anti-coagulation therapy.

Postoperatively, APT was continued in 96.5%, 81.1%,
29.7%, 20.0%, and 18.3% of patients, and it was maintained
for 14 days, 1 month, 3 months, 6 months, and 12 months,
respectively. Of the patients who received over 12 months of
APT, the indications were aneurysmal factors in 62% of cases
and patient-specific factors in 38%. Factors and rates of oral
APT after endovascular embolization of UICA over 1 year are
shown in Table 1.

APT after aneurysmal internal trapping

Internal trapping was performed in 3.4% (four cases). The lo-
cations of the aneurysms were ICA in one, vertebral artery in

Table 1. Factors and Rates of Oral Antiplatelet Therapy After Endovascular Emboliza-
tion of Unruptured Intracranial Aneurysms Over 1 Year

Aneurysmal factor
Stent placement

Internal trapping

Postoperative stenosis of the branching artery of the aneurysm

Coil protrusion to parent artery

Coil migration to normal cerebral artery

Patients’ factor
Coronary ischemic disease

Cerebral ischemic disease

20 (62%)
16 (50%)
1 (3%)

1 (3%)

1 (3%)

1 (3%)
12 (38%)
7 (22%)
5 (16%)
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Figure 4. A representative case of post-procedural coil migration. (A) Postoperative angiography shows complete occlusion of
the internal carotid artery-ophthalmic artery aneurysm with slight coil protrusion and coil migration to the middle cerebral artery
(MCA). Antiplatelet therapies were continued. (B) MRI-DWI 1 day after the procedure shows cerebral infarction. (C) Angiography
1 year after the procedure shows antegrade flow of MCA through the migrated coil. (D) MRA 4 years after the procedure shows
signal defect (arrow) due to the migrated coil and distal cerebral blood flow (double arrow).

one, and posterior cerebral artery in two. In two of the cases,
DAPT and SAPT were discontinued after 3 and 6 months, re-
spectively. In one case, DAPT was discontinued the day after
the procedure, and SAPT was discontinued after 1 month. In
one case, DAPT was discontinued after 1 month, and SAPT
was continued for over 4 years.

APT after coil protrusion to the parent artery

Coil protrusion into the parent artery occurred in 4.0% of cas-
es. In five of the cases, the coil protrusion of the coil meas-
ured 2 mm to 1 cm. In two of those three cases, DAPT and
SAPT were continued for 1 and 3 months, respectively. In one
of those three cases, APT was continued because the case in-
volved other complications in addition to the distal migration
(Fig. 4). In two of the cases, coil loop protrusion into the par-
ent artery occurred (Figs. 5 and 6). In one case, DAPT and
SAPT were continued for 1 and 3 months, respectively. In the
other case, the coil was maintained in the aneurysm during the
procedure; however, a skull X-ray the day after the procedure
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revealed coil loop protrusion into the parent artery with no as-
sociated symptoms (Fig. 5). In this case, DAPT was continued
for 3 months and SAPT was continued over 4 years. No de-
layed ischemic events occurred in any of the cases involving
coil protrusion into the parent arteries.

APT after coil migration to the normal cerebral artery

In 0.6% of the cases, coil migration into the normal cerebral
artery occurred. In this case, 1.5 mm to 1 cm of the end of the
finishing coil migrated into the distal MCA during emboliza-
tion of the aneurysm located in the ICA (Fig. 4). Retrieval of
the coil by an endovascular or surgical approach would have
been difficult because it involved the distal portion; moreo-
ver, no neurological deficits occurred, anti-coagulation therapy
using heparin postoperatively for 7 days, and the patient was
maintained on DAPT for 1 year. MCA flow at the portion of
migrated coil was evaluated by angiography 1 year and by
MRA 4 years after the procedure. Then, SAPT with 75 mg of
clopidogrel daily was continued over 5 years, and the patient
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Figure 5. A representative case of post-procedural coil protrusion. (A) Postoperative angiography shows neck remnant of the
internal carotid artery-posterior communicating aneurysm with no coil protrusion. (B) Skull X-ray 1 day after the procedure shows
coil protrusion. Antiplatelet therapy was continued. (C) MRA 4 years after the procedure shows neck remnant of the aneurysm
and no stenotic change in the internal carotid artery. (D) Skull X-ray 4 years after the procedure shows coil protrusion.

experienced no ischemic events.

Discussion

Long-term APT brings the risk of bleeding, and DAPT is as-
sociated with a significantly increased risk of bleeding events
for secondary stroke prevention [1].

APT after embolization of UICA reduced thromboembol-
ic events [2]. In cases involving successful coil embolization
of saccular aneurysms that were treated without a stent and
had no protrusions of the coils to the parent artery, ischemic
complications rarely occurred during the first 1 - 3 months on
SAPT after the procedure. On the other hand, treatment with
SAC enabled embolization of wide neck and large aneurysms,
and delayed ischemic events after SAC are unresolved.

APT and delayed ischemic event after SAC

In patients who undergo SAC for UICA, pre-operative treat-
ment with DAPT (aspirin, 100 mg; clopidogrel, 75 mg) for

Articles © The authors | Journal compilation © | Neurol Res and Elmer Press Inc™

more than 3 days before the treatment is generally performed
[2-9]. After SAC, DAPT with aspirin and clopidogrel was
continued for 6 weeks to 9 months, and delayed ischemic
strokes occurred in 0.6-16% [3-14]. Moreover, ischemic
events were more likely to occur after the transition from
DAPT to SAPT [5, 9, 10, 13, 14]. Hwang et al reported rates
of delayed ischemic events of 3.5% within 2 months follow-
ing the switch from DAPT to SAPT [5]. Giant ancurysms,
fusiform AN, incomplete occlusions, Y-stents, waffle-cone st-
ents, stent malpositioning, Enterprise stent, and coil loop pro-
lapse are all reported to increase the risk of delayed ischemic
events after SAC [5, 7, 8, 10, 12]. Delayed in-stent restenosis
is also reported to be a late complication in 2.6-14% of cases
[3,7, 9]

A few studies have reported on safety and delayed is-
chemic events when APT is discontinued after SAC. Gentric
et al reported that both aspirin and clopidogrel were used more
than 2 months after SAC for UICA performed using the Neu-
roform stent, and clopidogrel was discontinued after a mean
duration of 13.6 weeks, while aspirin was discontinued after
a mean duration of 32.6 weeks. However, the authors did not
report on delayed ischemic events [12]. Heller et al reported on
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Figure 6. Two representative cases of post-procedural coil protrusion. (A) Postoperative angiography shows complete occlusion
of the internal carotid artery aneurysm with one loop coil protrusion (arrow). Antiplatelet therapy is discontinued after 3months.
(B) Skull X-ray 4 years after the procedure. (C) MRA 4 years after the procedure shows complete occlusion of the aneurysm and
no stenotic change in the internal carotid artery. (D) Postoperative angiography shows complete occlusion of the internal carotid
artery-posterior communicating aneurysm with one loop coil protrusion. Antiplatelet therapy is discontinued after 3months. (E)
Skull X-ray 4 years after the procedure. (F) MRA 4 years after the procedure shows complete occlusion of the aneurysm and no

stenotic change in the internal carotid artery.

APT after treatment with the Enterprise stent; clopidogrel was
discontinued after 3 months of DAPT, and then aspirin was
discontinued at 6 months. Using this standard of care for APT,
there was a 16% rate of delayed ischemic events [4]. Jia et al
reported that after 1 month of DAPT with aspirin and clopi-
dogrel following treatment with SAC, clopidogrel administra-
tion was stopped, and aspirin administration was stopped at 6
months; however, the authors did not report delayed ischemic
events [6]. If delayed ischemic events occurred after the transi-
tion from DAPT to SAPT, DAPT was resumed. The duration
of APT after SAC was not clearly defined.

APT and delayed ischemic events after coil protrusion
into parent artery

One of the complications that can occur during coil emboliza-
tion is coil protrusion into the parent artery [15]. Coil protru-
sion can result in thrombus formation in the coil and parent
artery; therefore, APT and anti-coagulation therapy are both
needed in the acute phase. Generally, coil protrusion of only
one or two loops into the parent vessel may not cause adverse
events, even without APT or anti-coagulation therapy in the
chronic phase. If the coil is moving with each-pulse, it may
be necessary to retrieve the coil or place a stent to control the
movement [15, 16]. However, there are currently no standard-
ized management opinions. Yamao et al reported that in a Japa-
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nese cohort of cases involving coil protrusion into the parent
artery, APT was halted within 6 months in 76.5% of cases [17].
On the other hand, delayed restenosis after coil protrusion has
been reported [18, 19]. In these cases, thrombus formation is
presumed to be the cause of restenosis; therefore, long-term
APT should be continued if a long length of coil protrudes
into the parent artery. In this study, coil protrusion occurred
in 4.0% (seven cases), and in five of the seven cases, APT
was discontinued within 3 months. In two of the cases, SAPT
was continued because a rescue stent was placed and because
the patients had ischemic heart disease. No delayed ischemic
events occurred in the cases with coil protrusion.

APT after coil migration to normal cerebral artery

Then a coil migrated into the cerebral artery, treatment to re-
trieve the coil, or rescue stent placement, and surgical removal
of the coil were all considered. However, none of these ap-
proaches are easy when a small coil has migrated into the distal
normal cerebral artery. In this study, the migration distances
into the distal MCA were between 1.5 mm and 1 cm of the coil
and all of them appeared technically difficult; fortunately, the
migrations were not associated with neurological deficits and
arterial flow to the coil was preserved. Therefore, DAPT was
continued for 1 year, and SAPT was continued over 4 years
without any ischemic events. In case of migration, if antegrade
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arterial flow is preserved in the migrated coil, APT should be
continued, whereas, if the artery is occluded by the coil, con-
tinuous APT is not necessary.

Conclusions

After treatment of UICA with embolization, 11% of the cases
required APT over 12 months due to aneurysmal factor. The
reasons for long-term APT were treatment with SAC, postop-
erative stenosis of the small artery origin from the aneurysmal
neck, coil protrusion into the parent artery, and distal migration
of the coil. The use of APT after SAC is an unresolved prob-
lem, therefore, we recommend that the use of stents should be
limited to the management of wide-neck or large aneurysms to
prevent delayed ischemic and hemorrhagic complications. In
cases that involve coil protrusion of one loop into the parent
artery, there may be low risk of delayed ischemic events within
the first 3 months APT.
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