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Abstract

procedure.

Background: Moyamoya disease (MMD) is a chronic, progressive occlusion of the arteries around the circle of Willis
that leads to the development of characteristic collateral vessels seen on cerebral angiography. MMD is commonly
accompanied by intracranial aneurysms; however, the current literature is sparse regarding the best available
treatment options for aneurysms in patients with MMD. Long-term angiographic outcome is also not well established.

Case description: We report the safety and efficacy of stent-assisted coiling in an adult Indian woman of unilateral
hemorrhagic MMD having a large asymptomatic cavernous segment aneurysm on the contralateral side. The patient
had excellent angiographic occlusion without any recurrence/hemorrhage in the 5-year follow-up after the

Conclusion: MMD should be kept in mind in evaluating patients presenting with cerebrovascular accidents.
The case strengthens the view that stent-assisted coil embolization of large saccular aneurysms around the
circle of Willis is a viable minimally invasive therapeutic option in such unusual patients.
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Introduction

Moyamoya disease (MMD) is a chronic cerebrovascular
disorder of slow progressive occlusion or stenosis of ter-
minal portion of the intracranial internal carotid artery
(ICA) or proximal portion of the anterior cerebral artery
(ACA) and/or middle cerebral artery (MCA). These ab-
normal collateral vessels exhibit a “puff of smoke” ap-
pearance (Moyamoya vessels) that are observed in the
vicinity of these arterial lesions [1]. The Research Com-
mittee on Moyamoya disease of the Ministry of health
and welfare of Japan (RCM]J) set diagnostic criteria con-
sidering only cases with bilateral lesions as definite
MMD [2]. However, there are some instances of prob-
able MMD which show unilateral involvement with
angiographic findings similar to those of definite cases
on the affected side. The suitable surgical management
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option and long-term safety profile of the procedures
performed in aneurysms associated with MMD is not
well established. We herein report the case of a 55-year-
old Indian woman with hemorrhagic stroke who exhib-
ited a unilateral MMD with contralateral cavernous seg-
ment aneurysm managed with stent-assisted coiling and
was followed up for 5years. The current case proposes
that stent-assisted coiling in saccular aneurysms located
around the circle of Willis in such patients may be a safe
and viable option with excellent long-term angiographic
results.

Case report

A 55-year-old right-handed Indian woman without any
history of head trauma or systemic medical disease and
without any risk factor for arteriosclerosis was first seen
in our department in the year 2012 after she experienced
sudden headache, dizziness, nausea, and lethargy. She
denied any alcohol use or cigarette smoking and was not
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on any medication. Her family history of any cerebrovas-
cular disease was negative. On neurological examination,
she was alert and oriented. The pupils were equal and
reacted normally to light bilaterally. The fundi did not
reveal any hemorrhage, exudate, or papilledema. She did
not have any weakness of limbs and was having pre-
served sensory modalities. Cerebrovascular disease was
suspected and computed tomography (CT) of the brain
was obtained which revealed rounded hyperdense lesion
in the right medial thalamus (Fig. 1a). Magnetic reson-
ance imaging (MRI) of the brain demonstrated a small
(12 x 8 x 7 mm) hemorrhagic lesion in the right medial
thalamus which showed mixed intensity in all imaging
sequences (Fig. 1b). Computed tomography angiography
(CTA) and magnetic resonance angiography (MRA) of
the brain was obtained which revealed marked stenosis
of the supraclinoid segment of the right internal carotid
artery (ICA) with non-visualization of both the ACA
and their branches. The right MCA was very faintly vi-
sualized suggesting almost complete occlusion, left
MCA and its branches, however, appeared relatively nor-
mal. The right ACA and MCA was appeared to be sup-
plied by the posterior communicating artery. There was
diffuse thinning of the P3 segment of the right posterior
cerebral artery (PCA) with relatively normal left PCA.
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The right vertebral artery was hypoplastic, and the left
vertebral and basilar arteries appeared normal. Few
prominent basilar and circle of Willis collaterals were
apparent (Fig. 1lc, d). Digital subtraction angiogram
(DSA) indicated stenosis of the terminal portion of the
right ICA and the proximal portions of the right MCA
and ACA with Moyamoya vessels and aneurysm at the
left ICA cavernous segment measuring 1.4 x12x1 cm
(Fig. 1e, f).

Symptomatic and supportive management was insti-
tuted. Stent-assisted coiling of the aneurysm was per-
formed using four coils. Post-coiling angiogram confirmed
complete occlusion of aneurysm sac and preserved distal
flow. Postoperative course was uneventful, and the patient
recovered well.

After discharge, the long-term outcome of the patient
was ascertained through clinical visits in our outpatient
department on a monthly basis for the initial 6 months
of the procedure and then semiannually. CTA or mag-
netic resonance angiography (MRA) was done at 6
months follow-up and then yearly to look for contralat-
eral progression, defined as any noticeable change on
angiography on the contralateral site. DSA was ob-
tained at 5years follow-up (year, 2017) which revealed
quiescent lesion without any contralateral progression

at the left ICA cavernous segment

Fig. 1 a CT brain showing hyperdense lesion in the right medial thalamus. b T2-W MRI brain showing a 12 X 8 x 7 mm hemorrhagic lesion in
right medial thalamus. ¢ CTA and d MRA brain showing marked stenosis of the supraclinoid segment of the right ICA with non-visualization
of both the ACA and their branches with few prominent basilar and circle of Willis collaterals. @ DSA image showing stenosis of the terminal
portion of the right ICA and the proximal portions of the right MCA and ACA with Moyamoya vessels f DSA image showing a large aneurysm
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and good angiographic occlusion of the aneurysm sac
(Fig. 2a, b).

Discussion

Whether unilateral lesion established by angiographic
findings of MMD unilaterally and either equivocal or
normal findings contralaterally is an early form of defin-
ite MMD remains controversial [3]. In a study of 64 pa-
tient with unilateral MMD followed up for 1-7 years,
progression to bilateral disease was noted in 17 (27%)
patients, and such progression to bilateral disease within
5 years was more commonly seen in children with early
onset of MMD [4]. Family history is sometimes associ-
ated with unilateral MMD [5]. Hence, it is thought that
some of the unilateral cases are etiologically similar to
definite MMD.

The fragile moyamoya vessels are more prone to rup-
ture, and cerebral hemorrhage is the usual clinical presen-
tation in adult patients with MMD, even in unilateral
cases. Ikezaki et al. found that 58% of the adult unilateral
MMD patients suffered from hemorrhagic stroke [5]. Not
infrequently, MMD is seen to be associated with intracra-
nial aneurysms, which is likely to be due to intrinsic path-
ology of the moyamoya vessels such as fragility and
associated hemodynamic stress. These aneurysms are di-
vided into three distinct subtypes: aneurysms at major ar-
tery (around the circle of Willis), distal peripheral arteries
(such as the anterior or posterior choroidal artery), and
those of moyamoya vessels (basal collaterals) [6]. A case of
multiple aneurysms associated with unilateral MMD was
reported by Kasamo et al., which resulted in subarachnoid
hemorrhage [7].

The surgical management of these aneurysms poses a
significant challenge owing to their deep location and
frequent unfavorable morphology, and is complicated by
hemodynamic fragility of the vessels [6]. Surgical revas-
cularization is an option for peripheral aneurysms in the
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moyamoya vessels since hemodynamic stress reduction
that ensues may result in disappearance of the aneu-
rysms [8]. Recently, improving microvascular techniques
and technology may enable more frequent endovascular
treatment for these aneurysms [9, 10]. Aneurysms lo-
cated at the circle of Willis are usually saccular aneu-
rysms which are associated with high risk of bleeding,
and revascularization is not a viable option in such cases
as the procedure cannot make these aneurysms dis-
appear. Clipping of such aneurysms has its own inherent
risks. Dural handling and incisions may disturb the
transdural collaterals [11], perforators and moyamoya
vessels may cause hindrance [12], and placement of tem-
porary clips at the parent vessel may cause irreversible
hypoxic brain damage owing to an already compromised
flow. Endovascular coil embolization could be a viable
option in such cases. A study by Arita et al. [13] showed
that conventional coil embolization is an efficient and
safe treatment option for basilar tip aneurysms (BTA)
associated with MMD.

Endovascular techniques using soft platinum coils are
now considered to be alternatives for treating aneurysms
in patients with aneurysms difficult to reach by craniot-
omy [14, 15]. Massoud et al. reported two BTA associ-
ated with MMD that was treated by endovascular
embolization [16]. Two subsequent reports also docu-
mented excellent results [17, 18], and the current case
also supports the safety and efficacy of coil embolization
of aneurysms associated with MMD.

A literature search revealed no study showing efficacy
of coil embolization in unilateral MMDs associated with
cavernous aneurysms. Stent-assisted coiling is one mo-
dality which serves as a mechanical scaffold that pro-
motes dense packing and prevents coil protrusion, and
is safe with significantly lower recurrence, retreatment,
and hemorrhage rates than coiling alone [19, 20]. How-
ever, there is no study in literature to assess the efficacy

occlusion of the aneurysm sac

Fig. 2 a DSA image at 5 years follow-up showing persistent quiescent lesion and b without any contralateral progression and good angiographic
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and long-term outcome of stent-assisted coiling in pa-
tients with unilateral MMD and cavernous segment aneu-
rysms. Less data is available on endovascular management
in MMD patients associated with aneurysm, and most of
our interpretation is based on patchy case reports. Our
patient underwent stent-assisted coiling which showed ex-
cellent angiographic occlusion even at 5 years follow-up
suggesting this procedure may be a viable and safe option
overcoming the risks associated with open approach in
MMD patients harboring cavernous aneurysms.

Unilateral to bilateral progression in MMD is not well
understood although some cases of unilateral MMD has
been shown to be progressed to bilateral disease espe-
cially in children [4, 21, 22]. In a series of nine cases of
unilateral MMD, no cases were seen to be progressed to
bilateral involvement in another study [23]. Our case
was followed up for 5 years and was not found to be
progressing to involve the contralateral side. It is pru-
dent to keep such patients in close observation to look
for bilateral progression.

Conclusion

In conclusion, MMD should be suspected in patients
presenting with cerebrovascular accidents. The present
report strengthens the fact that some cases of unilateral
moyamoya vessels may fall within the spectrum of MMD.
Endovascular management using stent-assisted coil may
be a safe and effective treatment modality for large or
wide-neck aneurysms around the circle of Willis associ-
ated with MMD. However, the long-term safety of the
procedure needs to be confirmed by more studies. We
recommend endovascular management of such aneurysms
in favorable cases as soon as they are diagnosed because
of their tendency to rupture, followed by close observation
to watch for progression to bilateral involvement.
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