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BACKGROUND Coil migration is a rare, but notable complication of endovascular treatment. Risk factors include communicating segment aneurysms,
aneurysmal shape, and technical factors. Although cerebral blood flow obstruction caused by early coil migration requires urgent coil removal, delayed
coil migration is often asymptomatic, making it difficult to determine a treatment strategy.

OBSERVATIONS A 47-year-old woman was referred to the institute with acute-onset headache. She was diagnosed with subarachnoid hemorrhage
due to rupture of the right internal carotid artery–posterior communicating artery aneurysm and underwent endovascular coil embolization. Following
the procedure, the patient showed no obvious complications; however, 14 days later, images showed coil migration to the distal side, leading to
surgical removal. Right frontotemporal craniotomy was performed, and the remaining coil was removed. The aneurysm was clipped again, and blood
flow was confirmed. The patient was discharged 12 days after the craniotomy with transient oculomotor nerve palsy. At the 15-month follow-up, there
was no aneurysm recurrence and the oculomotor nerve palsy showed improvement.

LESSONS Retrieval of the migrated coil by craniotomy is an effective remedial measure; however, intraoperative complications are common. Early
detection, established protocols, and prompt treatment decisions are important for preventing undesirable outcomes.

https://thejns.org/doi/abs/10.3171/CASE23196
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Coil embolization for intracranial aneurysms is one of the main
treatment modalities in neurosurgery because of its safety and efficacy,
low mortality rate, and better clinical outcomes than surgical clipping.1,2

Coil migration is a rare complication of endovascular embolization for
cerebral aneurysms, with an estimated incidence of approximately
0.3%–6%.3–5 The detached material migrates along the parent vessel,
eventually forming a thrombus that obstructs cerebral blood flow be-
yond the occlusion site, leading to cerebral ischemia or stroke if ade-
quate restoration of blood flow is not achieved.6 Although cerebral
blood flow obstruction caused by coil migration during endovascular
treatment often requires urgent coil removal, delayed coil migration is
often asymptomatic, making it difficult to determine a treatment strat-
egy. Here, we report a case of delayed coil migration 2 weeks after
endovascular coiling for a subarachnoid hemorrhage due to a ruptured
aneurysm, which resulted in surgical removal of the migrated coil.

Illustrative Case
A 47-year-old woman was referred to our institute due to the

acute onset of headache without any neurological deficit. Head com-
puted tomography (CT) revealed a subarachnoid hemorrhage, and
three-dimensional (3D) CT angiography showed an irregular aneu-
rysm with multiple blebs in the right internal carotid artery–posterior
communicating artery (ICA-PCoA) bifurcation, with a maximum diam-
eter of 9.7 mm and a neck of 3.0 mm. A diagnosis of subarachnoid
hemorrhage due to rupture of the right ICA-PCoA aneurysm was
made, and endovascular coil embolization was performed (Fig. 1A
and B). Under general anesthesia, a 7-Fr sheath and a 7-Fr Road-
master 90 guiding catheter (Goodman) were placed in the right ICA,
and 2 Excelsior SL-10 microcatheters (Striker) were placed in 2 com-
partments of the aneurysm. A Target XL 360 Soft 6 mm � 20 cm
(Stryker) coil was used for framing, followed by the placement of

ABBREVIATIONS CT 5 computed tomography; DSA 5 digital subtraction angiography; ICA 5 internal carotid artery; ICG 5 indocyanine green; MCA 5 middle cerebral
artery; PCoA 5 posterior communicating artery; 3D 5 three-dimensional.
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GALAXY G3 XSFT 3 mm � 4 cm (Johnson & Johnson) and Target
360 Ultra 4 mm � 6 cm, 3 mm � 6 cm, and 2.5 mm � 4 cm
(Stryker) coils into the aneurysm for double catheterization.

No obvious complications such as delayed cerebral vasospasm
or coil compression were observed after coil embolization. Skull ra-
diographs obtained 1 and 7 days postoperatively showed no obvi-
ous coil migration (Fig. 1C); however, images taken 14 days
postsurgery showed migration of the coil to the distal side (Fig. 2A).
Digital subtraction angiography (DSA) showed a 7.5-mm deviation
of the coil loop from the obliterating side of the middle cerebral ar-
tery (MCA) (Fig. 2B). The previously embolized right ICA-PCoA bi-
furcation aneurysm was recanalized via coil migration (Fig. 2C).
Magnetic resonance angiography showed increased signal intensity
within the aneurysm (Fig. 3). Conservative treatment with antithrom-
botic drugs was performed because there was no neurological defi-
cit. However, the large volume of the migrated coil was considered
to carry a high risk of thrombosis; therefore, we decided to perform
a craniotomy on day 14 of antithrombotic drug administration to re-
move the coil and clip the aneurysm.

Right frontotemporal craniotomy was performed, the transsylvian
fissure was opened, the post–coil embolization aneurysm was iden-
tified at the ICA-PCoA bifurcation, and the migrated coil was visible
through the right MCA M1 segment. A brown hematoma and strong
adhesions were observed around the aneurysm. First, the ICA was

temporarily trapped, the tip of the aneurysm was incised, the inter-
nal coil was removed, and the migrated coil in the MCA was unrav-
eled and left behind, adhering to the vessel wall (Fig. 4A). After
untrapping the ICA, indocyanine green (ICG) video angiography
and Doppler ultrasound revealed poor blood flow from the ICA to
M1, and thrombosis caused by the unraveled coil was suspected.
An incision was made at the origin of M1, and the remaining coil
was removed (Fig. 4B). The incision was sutured with 10–0 Ethilon,
and although blood flow to the MCA was good, resumption of blood
flow to the ICA was not achieved, suggesting thrombus formation.
The ICA was trapped again, the clip was removed, and it was mas-
saged after all coils in the aneurysm were removed, which showed
good blood flow with backflow (Fig. 4C). After sufficient thrombus
removal, the aneurysm was clipped again, and blood flow from the
ICA to M1 was confirmed by ICG video angiography (Fig. 4D).

Postoperatively, the patient presented with transient oculomotor
nerve palsy that improved over time. The patient was discharged
12 days after the craniotomy with no new neurological deficits. At
the 15-month follow-up, there was no recurrence of the aneurysm
and the oculomotor nerve palsy showed improvement.

Patient Informed Consent
The necessary patient informed consent was obtained in this

study.

FIG. 1. A: An irregular aneurysm with multiple blebs in the right ICA-PCoA bifurcation with a maximum diam-
eter of 9.7 mm and a neck of 3.0 mm (white arrow). B: Endovascular coil embolization was performed without
any intraoperative complications (white arrowhead). C: Skull radiographs obtained 1 and 7 days postsurgery
showed no obvious coil migration (black arrowhead).

FIG. 2. A: Skull radiograph obtained 14 days postsurgery showed migration of the coil to the distal side (black
arrowhead). B: DSA showed a 7.5-mm deviation of the coil loop to the obliterating side of the MCA (white ar-
row). C: A previously embolized right ICA-PCoA aneurysm was also recanalized by coil migration (white
arrowhead).
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Discussion
Observations

Coil migration is one of the most noted intraoperative and post-
operative complications of endovascular treatment. If the coil devi-
ates, it can cause a major stroke due to the obstruction of blood
flow to the parent vessel, and appropriate treatment strategies are
required.6 Risk factors for coil migration include communicating

segment aneurysms, aneurysm shape (wide neck $ 4 mm, me-
dium size # 4 mm, aspect ratio # 1.6), and technical factors such
as the use of an undersized coil.5,6 In the case of intraoperative
coil deviation, endovascular teams have been known to recognize
coil dropout during coiling procedures and take urgent action.7 Ac-
cording to a literature review by Abdalkader et al.,5 coil migration
can be classified into 2 groups, immediate and delayed, depending
on when it occurs. Delayed coil migration is defined as coil devia-
tion discovered after endovascular treatment.1,4–6 Its timing varies
from a few hours to several months, depending on incidental dis-
covery on follow-up imaging and the presentation of neurological
symptoms due to coil occlusion.5,8–10 In the present case, delayed
coil migration was observed, although none of the risks were pre-
sent, as described above. We speculate that the coil, which was
fixed intraoperatively within the aneurysm by the thrombus, lost sta-
bility and migrated out of the aneurysm when the fibrinolytic system
became dominant. Colpan et al.11 reported that, when 34 ruptured
aneurysms were examined by CT and magnetic resonance imaging,
intra-aneurysmal thrombi were found in 9 cases (26.4%); 4 cases
(11.7%) were detected by DSA. Coil embolization, with attention
paid to the presence of intra-aneurysmal thrombi in the treatment of
ruptured aneurysms, may reduce the risk of delayed coil migration.

To the best of our knowledge, there have been 10 reported
cases in 4 studies of delayed coil migration where the coils were re-
moved through craniotomy5,8–10 (Table 1). This includes our current
case, bringing the total number of patients to 8, with 4 patients un-
dergoing coil embolization for unruptured aneurysms and 4 for sub-
arachnoid hemorrhage. The aneurysms were located in the ICA-
PCoA and ICA–ophthalmic arteries in 2 patients each, in addition to
1 case each in the ICA–anterior choroidal artery, ICA–superior hy-
pophyseal artery, ICA bifurcation, and MCA bifurcation. The length

FIG. 3. Magnetic resonance angiography over time showed increased signal intensity within the aneurysm
(black arrows) and the coil shown in corresponding skull radiographs (white arrows). A hematoma is present
on the outside of the coil from postoperative day 1 to day 14.

FIG. 4. A: The tip of the aneurysm was incised, and the internal coil
was removed (white arrow); the migrated coil in the MCA was unrav-
eled in the process and left behind, adhering to the vessel wall. B: The
MCA was temporarily trapped, arteriotomy was performed at the M1 or-
igin, and the remaining coil was removed (white arrowhead). C: The
ICA was trapped again, the clip was removed, and all of the coil in the
aneurysm was removed (black arrow). D:With the thrombus sufficiently
removed, the aneurysm was clipped again, and ICG test confirmed
blood flow from the ICA to M1.
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of the migrated coils ranged from 7.5 mm to 3 cm. The time from
endovascular treatment to the detection of coil migration varied
from 1 hour to a maximum of 3 months. The parent artery was oc-
cluded in half of the patients (4 cases) due to coil migration,
whereas it was not occluded in the remaining 4 cases. Pre- and
postoperative antithrombotic treatment was administered to 2 of the
8 patients. Of the 8 patients, 7 had complications after coil removal,
with a good recovery outcome in 4, severe disability in 3, and death
in 1 patient. This indicated that half of the patients had unfavorable
outcomes.

Due to mixed reports in the literature, there are no standardized
management or established guidelines for the retrieval of migrated
coils; therefore, migrated coil retrieval is determined based on the
patient’s clinical presentation and the importance of the occluded
vessel and its collateral vessels. Particularly in cases of delayed
coil migration, the patient may not be clinically symptomatic at the
time of diagnosis, and endovascular retention may be chosen.
Therefore, the decision regarding the retrieval method (endovascu-
lar or craniotomy) is left to the surgeon.4,5 There is no standard
treatment strategy for antithrombotic therapy in patients with coil
mass migration. In our literature review, 2 of the 8 patients were
treated with antithrombotic therapy to prevent thrombus formation
due to coil migration. Abdalkader et al.5 reported that medical man-
agement with antiplatelet and/or anticoagulant drugs should be con-
sidered if the migrated coil is distal and cannot be safely followed
up, if there is no associated vessel occlusion, and if retrieval fails.

Romani et al.12 reported that coil removal after 1 month of coil
embolization was a factor associated with a worse prognosis. The
reasons for this based on the intraoperative findings are discussed
below. Coils that are in contact with the vessel wall become
strongly attached to the wall over time and are difficult to remove.
On the other hand, the vessel wall itself undergoes degenerative
changes and thinning, making it difficult to remove as it begins to
adhere to the surrounding tissue.13

In the present case, the decision was made to remove the coil
by craniotomy; however, owing to antithrombotic medication, there
was a 14-day delay between the diagnosis of coil migration and re-
trieval. The decision to postpone the craniotomy for coil removal
was made after careful consideration of the risks and benefits. At
the time, the patient had no symptoms, and we believed that the
risks associated with craniotomy were greater than the potential
benefits. However, although the volume of the migrated coil was con-
sidered to be too large to have a high risk of thrombosis, we decided
to remove the migrated coil. There was no thrombosis or neurological
deficit, but the migrated coil’s volume was too large to be crimped
onto the vessel wall with endovascular stenting. Therefore, direct
surgery was chosen.

Consequently, the coil was unraveled intraoperatively because of
adhesions caused by the intimal formation, resulting in temporary
vessel occlusion. In such a situation, in the worst case, a deep
anastomosis may be required to repair the vessel wall. Therefore, it
is necessary to consider the period that has passed since coil mi-
gration as an indicator to perform a craniotomy.

Lessons
Coil migration following endovascular coiling of an intracranial

aneurysm is rare. Coil embolization, with a focus on the presence
of intra-aneurysmal thrombi in the treatment of ruptured aneurysms,
may reduce the risk of delayed coil migration. Retrieval of theTA
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migrated coil by craniotomy is an effective remedial measure; how-
ever, intraoperative complications are common, so optimal timing of
surgery should be considered.
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