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Clinical Features and Outcomes of Intracranial Aneurysm
Associated with Moyamoya Disease

Sunghan Kim?®®

Chang Ki Jang® Background and Purpose Moyamoya disease (MMD) is a rare form of intracranial steno-

‘ occlusive disease that can be associated with intracranial aneurysms. We evaluated the clini-
Eun-Kyung Park cal features and outcomes of MMD-associated aneurysms while focusing on their locations.
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Kyu-Won Shim Methods Between January 1998 and December 2018 there were 1,302 adult and pediatric pa-

Dong-Seok Kim" tients diagnosed as MMD at a single institution. These patients included 38 with 44 MMD-as-
Joonho Chung” sociated aneurysms. The MMD-associated aneurysms were classified into two groups based
Yong Bae Kim" on their locations: major-artery aneurysms and non-major-artery aneurysms. The clinical and
Jae Whan Lee® radiological data for patients with MMD-associated aneurysms were reviewed retrospectively.

Results The 44 MMD-associated aneurysms comprised 28 in major arteries and 16 in non-
major arteries. All of the major-artery aneurysms were initially unruptured lesions, and fol-
low-up angiography showed that 23 (82.1%) had an improved or stable status and 5 (17.9%)
had a worse status. The non-major-artery aneurysms comprised 10 ruptured and 6 unrup-
tured lesions, and follow-up angiography showed that 11 (68.8%) had improved or were sta-
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INTRODUCTION

Moyamoya disease (MMD) is a rare form of cerebrovascular disease of unknown etiolo-
gy. MMD has a low reported prevalence of 1.61-16.1 per 100,000, but it is a major cause of
stroke in pediatric and young-adult age groups.! MMD is characterized by progressive non-
atherosclerotic steno-occlusion of intracranial arteries along with their collateral networks,
and these structural changes can be vulnerable to the formation of intracranial aneurysms.
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all, these aneurysms are frequently associated with hemorrhagic events in MMD patients.
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oya vessels, and in other collateral networks. The clinical fea-
tures of MMD-associated aneurysms are known to vary with
their location. Kwak et al.”® reported that the hemorrhagic
rate was higher for peripheral artery aneurysms (6/14) than
for major-artery aneurysms (3/13). Konishi et al.” reported
that in their MMD patients, all aneurysms within moyamo-
ya vessels (5/5) were ruptured lesions, while only one aneu-
rysm within the circle of Willis (1/2) was ruptured.

These variations indicate that anatomical and clinical dif-
ferences should be considered when attempting to ensure the
appropriate management of MMD-associated aneurysms. To
the best of our knowledge, no previous studies have com-
pared MMD-associated aneurysms according to their loca-
tions. Moreover, most previous studies have had cross-sec-
tional designs, and the long-term clinical courses of MMD-
associated aneurysms were not well documented.

The present study evaluated and compared the clinical
features and outcomes of MMD-associated aneurysms ac-
cording to their locations.

METHODS

Patient population
This study performed a retrospective review of prospec-
tively collected MMD data in a single institute. The Institu-
tional Review Board at the institute approved this study and
waived the requirement to obtained informed consents from
patients due to its retrospective design (IRB No. 4-2018-0064).

Between January 1998 and December 2018, 1,302 adult
and pediatric patients were diagnosed as bilateral or unilat-
eral MMD at a single institution. All of them underwent ei-
ther magnetic resonance angiography (MRA) or biplane dig-
ital subtraction angiography (DSA), and the diagnosis of
MMD was based on Japanese guidelines established by the
Research Committee on Spontaneous Occlusion of the Cir-
cle of Willis (Moyamoya Disease).'*"! No other vasculopathy
responsible for moyamoya syndrome was included.

MMD-associated aneurysms were concomitantly diag-
nosed in 43 (3.3%) of the 1,302 MMD patients. After exclud-
ing 5 patients with 6 aneurysms from this study due to the
clinical and radiological follow-up lasting for <12 months,
38 patients with 44 MMD-associated aneurysms were final-
ly included.

All clinical and radiological data were obtained from elec-
tronic medical records and a prospectively registered MMD
and aneurysm database, and were reviewed retrospectively.

Classification of MMD-associated aneurysms
MMD-associated aneurysms were classified into two groups
based on the regional relationship between the parent artery
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of the aneurysm and the circle of Willis.**'* Major-artery an-
eurysm was defined as an MMD-associated aneurysm locat-
ed in the arteries of the circle of Willis. Non-major-artery an-
eurysm was defined as an aneurysm located in the peripheral
arteries distal to the circle of Willis, in moyamoya vessels, or
in other collateral networks.

Treatment of MMD-associated aneurysms

In accordance with the protocol that is normally applied at
our institute, a definite treatment (either surgical or endovas-
cular) was considered for ruptured aneurysms at the time of
diagnosis. Regular follow-up was recommended for unrup-
tured aneurysms, but if a lesion became enlarged or ruptured
during follow-up, additional treatment would also be con-
sidered. Treatment planning was discussed by a multidisci-
plinary team, and the final treatment decision was based on
considerations of its technical feasibility and risk.

After the procedure, angiographic and clinical outcomes
were assessed by a single neurointerventionalist and a sin-
gle neurosurgeon based on consensus. Treatment-related
complications were defined as the development of any dete-
rioration or illness due to the procedure. Treatment-related
morbidity was defined as the development of any new defi-
cit due to treatment-related complications that remained
present at discharge. Treatment-related mortality was de-
fined as patient death due to treatment-related complications
during admission or clinical follow-up.

Follow-up and outcome measurements

Clinical and angiographic follow-up data were available for
all of the included patients. Routine clinical follow-ups were
conducted at 1, 6, 12, 24, and 48 months for both ruptured
and unruptured aneurysms, while routine angiographic fol-
low-ups were conducted at 12, 24, and 48 months. Addition-
al follow-ups were performed when deemed necessary based
on the clinical situation of each patient.

The clinical follow-up was independently conducted by a
board-certified neurosurgeon, and clinical outcomes were
assessed using the modified Rankin Scale (mRS) at the lat-
est clinical follow-up. An unfavorable outcome was defined
as an mRS score of 3 or more. Angiographic follow-up was
conducted using either MRA or DSA. The imaging data were
reviewed retrospectively by two investigators independent-
ly. When these two investigators arrived at different diagno-
ses, another neuroradiologist reviewed the data and then
the three investigators together decided on the final result
based on consensus. Follow-up angiographic results were
categorized into 1) improved or stable (spontaneously re-
gressed or size unchanged) and 2) worse (increased size or
hemorrhaging).
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Statistical analysis

This study included the demographics and results of pa-
tients with MMD-associated aneurysms, and so only de-
scriptive statistics are presented without any comparison
with other types of disease or treatment. All data are pre-
sented as meantstandard-deviation values for continuous
variables and as number and percentage values for categori-
cal variables.

RESULTS

Characteristics of patients and MMD-associated
aneurysms

The demographics of the patients are summarized in Table 1.
The 38 patients (10 males and 28 females aged 40.2£12.6
years) with 44 MMD-associated aneurysms comprised 10
who initially presented with aneurysmal hemorrhage (all in
nonmajor arteries), 6 with nonaneurysmal hemorrhage, 9
with cerebral infarction, 7 with transient ischemic attack, and
6 with incidental findings. One of the 10 patients with aneu-

rysmal hemorrhage experienced a ruptured pseudoaneu-
rysm in the distal anterior choroidal artery that was initially
treated by endovascular embolization using N-butyl cyano-
acrylate (Cordis Neurovascular, Miami Lakes, FL, USA), and

Table 1. Demographic characteristics of patients with MMD-associ-
ated aneurysms

Demographic characteristic Value (n=38)

Sex, male:female 10:28
Age, years 40.2+12.6
Laterality of MMD

Bilateral involvement 30(78.9)

Unilateral involvement 8(21.1)
Initial presentation

Incidental 6(15.8)

Ischemia* 16 (42.1)

Hemorrhage' 16 (42.1)

Data are n, meantstandard-deviation or n (%) values.

*9 cerebral infarctions and 7 transient ischemic attacks, 110 aneurysmal
and 6 nonaneurysmal hemorrhages.

MMD: moyamoya disease.

4>‘ Growing (17.9%, n=5; all treated)* ‘
Follow-up
- (mean, 68.1 months)
Major artery aneurysm >} No change (78.5%, 1=22) ‘
(n=28; all unruptured)
4>‘ Regression (3.6%, n=1) ‘
o Re-hemorrhage
(18.8%, n=3; one treated)
Ruptured No change or recurrence
e (62.5%, n=10)" (12.5%, n=2)t
»  Regression (31.3%, n=5)
Non-major artery aneurysm Follow-up
(n=16) (mean, 56.4 months)
»  Hemorrhage (6.2%, n=1)
Ly Unruptured > Growing (6.2%, n=1)
(37.5%, n=6)
»  No change (25.0%, n=4)

Fig. 1. Clinical courses of cases of moyamoya disease-associated aneurysms. In the major-artery group (n=28, mean follow-up of 68.1 months),
5 (17.9%) aneurysms showed growing and 23 showed an improved or stable status (1 spontaneously regressed and 22 were unchanged). All five
growing lesions were treated, and one case of procedure-related complication occurred. In the non-major-artery group (n=16, mean follow-up of
56.4 months), 10 initially ruptured lesions were identified. Five (31.2%) lesions worsened during the follow-up: three repeated hemorrhages from
ruptured aneurysms, one new hemorrhage, and one growing from an unruptured aneurysm. *One treatment-related complication (modified

Rankin Scale score=3), fincluding one initially treated.
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there were no procedure-related complications. The remain-
ing nine ruptured non-major-artery aneurysms were conser-
vatively managed and followed up due to technical inacces-
sibility or the expectation of complications (Fig. 1).

The 44 MMD-associated aneurysms comprised 28 (63.6%)
major-artery aneurysms and 16 (36.4%) non-major-artery
aneurysms. All of the major-artery aneurysms were unrup-
tured lesions, whereas 10 ruptured and 6 unruptured lesions
were identified in the non-major-artery aneurysms (Fig. 1).
The major-artery aneurysms comprised 9 in the basilar ar-
tery (BA), 10 in the intradural segment of the internal carot-
id artery (ICA), 5 in the anterior communicating artery, 3 in
the proximal posterior cerebral artery (PCA), and 1 in the
middle cerebral artery. The non-major-artery aneurysms
comprised seven in the posterior choroidal artery, three in
the anterior choroidal artery, and six in moyamoya vessels.

The major-artery aneurysms comprised 27 saccular types
and 1 fusiform type, while the non-major-artery aneurysms
comprised 6 saccular types and 10 pseudoaneurysms. The
sizes of the major-artery and non-major-artery aneurysms
at the time of diagnosis were 3.6+2.0 mm and 3.4+1.9 mm,
respectively, while their Suzuki stages were 2.4+1.0 and 3.1+
0.5, respectively. The characteristics of the MMD-associated
aneurysms are summarized in Table 2.

Clinical courses and follow-up outcomes

of MMD-associated aneurysms

During the follow-up lasting a mean of 62.5 months (range
14-186 months), 34 (77.2%) aneurysms had improved or
were stable (including an initially embolized aneurysm) and

¥ 5 ik (
Fig. 2. A 40-year-old female with ischemic-type unil
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10 (22.8%) had worsened. The natural courses and follow-
up results are summarized in Fig. 1.

Follow-up angiography in the major-artery group (n=28)
showed 23 (82.1%) aneurysms with an improved or stable
status (1 spontaneously regressed and 22 were unchanged;
Fig. 2) and 5 (17.9%) that had worsened (all growing). These
five growing lesions (three at the top of the BA, one at the

Table 2. Characteristics of moyamoya disease-associated aneurysms

Major arte Nonmaijor arte
Aneurysm characteristic L i . L

(n=28) (n=16)
Rupture 0(0.0) 10 (62.5)
Location
BA 9(32.1) -
Proximal PCA 3(10.7) -
ICA intradural segment 10 (35.7) -
Acom 5(17.9) -
MCA 1(3.6) -
Posterior choroidal artery - 7 (43.8)
Anterior choroidal artery - 3(18.7)
Moyamoya vessels - 6(37.5)
Type
Saccular 27 (96.4) 6(37.5)
Fusiform 1(3.6) 0(0.0)
Pseudoaneurysm 0(0.0) 10 (62.5)
Size at diagnosis, mm 3.6120 34119
Suzuki stage at diagnosis 24110 3.1105

Data are n (%) or mean+standard-deviation values.
Acom: anterior communicating artery, BA: basilar artery, ICA: internal ca-
rotid artery, MCA: middle cerebral artery, PCA: posterior cerebral artery.

ateral moyamoya disease. A: Frontal projection of the left carotid angiogram shows a small

aneurysm in the right A1 (black arrow) and another aneurysm in the supraclinoid segment of the left internal carotid artery (black arrowhead). B: An-
giogram obtained at the 29-month follow-up shows spontaneous regression of the A1 aneurysm (black arrow) and an unchanged left aneurysm

(black arrowhead).
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junction between the BA and superior cerebellar artery, and
one in the proximal PCA) were treated by coiling (Fig. 3).
The lesions at the top of the BA and at the BA-superior cer-
ebellar artery junction were simultaneously treated in one
patient, but a procedure-related complication occurred (in-
stent thrombosis). This complication was managed by ad-
ministering an intra-arterial infusion of tirofiban, but the lat-
est clinical outcome was unfavorable (mRS score=3).

In the non-major-artery group (1n=16), 11 (68.8%) aneu-
rysms had improved or were stable (5 spontaneously re-
gressed and 6 unchanged; Fig. 4) and 5 (31.2%) had wors-
ened (4 hemorrhage and 1 growing) at the follow-up. One
case of repeated hemorrhage was successfully treated using
the endovascular method, while the remaining four wors-
ened lesions were conservatively managed and followed up
for 29-72 months, during which no further events occurred.

At the latest clinical follow-up there were four cases (10.5%)
of unfavorable outcome: two initial hemorrhagic insults (mRS
score=3 and 5 in nonmajor arteries), one case of treatment-
related morbidity (mRS score=3 in a major artery), and one
repeated-hemorrhage case (mRS score=5 in a nonmajor ar-
tery). The treatment details for the MMD-associated aneu-
rysms and treatment-related complications are summarized
in Table 3.

DISCUSSION

This study found that 1) MMD-associated aneurysms were
present in 3.3% of the MMD cohort, 2) all of the major-ar-
tery aneurysms were initially unruptured and ruptured an-
eurysms that predominated in nonmajor arteries (0% versus
62.5%), and 3) 22.8% of the aneurysms (17.9% in major ar-

628 J Clin Neurol 2020;16(4):624-632

Fig. 3. A 43-year-old female with a BA aneurysm. A: Image obtained in the initial MRA shows a 6-mm aneurysm at the top of the BA (white arrow).
B: MRA image obtained at the 10-year follow-up shows a growing aneurysm (from 6 mm to 11 mm) (white arrow). C and D: The control angiogram
obtained after stent-assisted coiling shows complete occlusion of sac (black arrows). BA: basilar artery, MRA: magnetic resonance angiography.



Fig. 4. A 23-year-old female with intraventricular hemorrhage. A and B: Lateral projection of the left carotid angiogram (A) and 3-D volume-ren-
dered reconstruction image (B) show a pseudoaneurysm (arrows) in the posterior choroidal artery and that the diameter of the PCA is normal (ar-
rowheads). C and D: Follow-up angiogram (C) and 3-D volume-rendered reconstruction image (D) show spontaneous regression of the aneurysm
(arrows) and narrowing of the PCA (arrowheads). PCA: posterior cerebral artery.

teries versus 31.2% in nonmajor arteries) angiographically
worsened during the follow-up (mean 62.5 months).

The gradual occlusion of the ICA associated with MMD
progression alters the hemodynamic stress around the cir-
cle of Willis."»'* Such a hemodynamic burden can directly
affect major arteries and lead to aneurysm formation, which
are morphologically similar to common saccular lesions. How-
ever, in contrast to common saccular aneurysms, MMD-as-
sociated aneurysms usually develop in the posterior circula-
tion, particularly in the BA.%*'> One retrospective analysis of
111 cases of MMD-associated aneurysm found that 58.9%
of major-artery aneurysms were located in the posterior cir-
culation.' In the present study, the major-artery aneurysms
were commonly located in the posterior circulation (42.9%,
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12/28). Above all, the specific characteristics of MMD could
affect the natural course of major-artery aneurysms, which
differs from that of common saccular lesions. A study of small
unruptured aneurysms found angiographic worsening in
4.5% of cases from the general population (10 growing and
7 hemorrhaging)."” On the other hand, there are also some
reports of the spontaneous disappearance of anterior circu-
lation aneurysms in MMD,'®"” while Ito et al.” reported two
cases of exacerbated aneurysms in the posterior circulation.
These results might be due to both a progressive occlusion
of the ICA and altered hemodynamic stress in MMD. The
present study found that 17.9% of major-artery aneurysms
showed angiographic growing during the follow-up, all of
which were in the posterior circulation, while all of the an-
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coiling
NBCA

None

Complete

5

Distal anterior

Initially ruptured

Nonmajor

5

embolization

NBCA

choroidal artery

None

Complete

13

—4

1

Moyamoya vessel

Ruptured

Nonmajor

6

embolization

— repeated hemorrhage

*Simultaneous coiling applied to two separate aneurysms in one patient, ‘Managed using intra-arterial tirofiban.

BA: basilar artery, mRS: modified Rankin Scale, NBCA: N-butyl cyanoacrylate, Postop.: postoperative, Preop.: preoperative, Pt.: patient number.

eurysms in the anterior circulation had improved or were
stable at follow-up. Unfortunately, applying open surgery to
these aneurysms in the posterior circulation is challenging
because they are located deeply and tiny fragile basal collat-
erals of MMD usually form around them. Thus, endovascu-
lar embolization can be a useful alternative treatment modal-
ity. However, considering the vasculopathy nature of MMD,
endovascular treatment needs to be performed with great
care by experienced neurointerventionalists. In the present
study, we also experienced one case of in-stent thrombosis
after applying stent-assisted coiling to an aneurysm at the
top of the BA. Meanwhile, in the major-artery group, 82.1%
of MMD-associated aneurysms were angiographically im-
proved or stable, especially for those in the anterior circula-
tion. Thus, careful consideration is required when determin-
ing the optimal treatment for these aneurysms.

Meanwhile, moyamoya vessels and other collateral net-
works in MMD have critical histological defects and also re-
ductions in wall thicknesses due to characteristics such as
fragmented internal elastic lamina and tunica media.”"* These
structural features are related to repeated hemorrhagic or
ischemic events in MMD,” and they can also contribute to
the formation of microaneurysms in the small peripheral ar-
teries, particularly in posterior or anterior choroidal arteries,
and lenticulostriate arteries.”** As a result, such non-major-
artery aneurysms are more fragile and prone to rupture than
major-artery aneurysms.” In the present study, 62.5% (10/16)
of the non-major-artery aneurysms were initially ruptured
lesions, while no such lesions appeared in the major-artery
aneurysms. Moreover, long-term follow-up revealed angio-
graphic worsening of 31.2% (5/16) and 17.9% (5/28) of the
non-major-artery and major-artery aneurysms, respective-
ly. Although non-major-artery aneurysms and their parent
arteries are smaller than major-artery aneurysms, the fre-
quent occurrence of repeated hemorrhage can have fatal out-
comes” because they are commonly located near the peri-
ventricular area or deep nuclei.”® Thus, definite treatments
can be considered for non-major-artery aneurysms with the
aim of preventing hemorrhage. Revascularization surgery
might be effective for the treatment of non-major-artery an-
eurysms,”
accelerates the steno-occlusion of pathogenic MMD vessels;
however, this intervention requires an interval between the
surgery and aneurysm obliteration. Alternatively, endovas-

which alters the intracranial hemodynamics and

cular embolization has been successfully applied to such le-
sions. However, some lesions are endovascularly inaccessi-
ble due to the small diameter or tortuosity of the parent
vessels, with the rate of inaccessibility reportedly varying
from 12.5% to 73.7%.”*° Non-major-artery aneurysms can

spontaneously disappear,”*" and this occurred in 31.2% of



our non-major-artery aneurysms. For this reason, some au-
thors have suggested conservative treatment for non-major-
artery aneurysms in MMD.” However, the optimal follow-up
strategies and outcomes remain unclear since most published
experiences have related to case reports. Therefore, further
studies are needed in larger populations with MMD-associ-
ated aneurysms to assess the long-term clinical courses and
outcomes.

Due to the limitations inherent in the retrospective design
of this study, selection bias may have affected the demo-
graphics of the included patients and the percentage values
obtained. To lessen such selection bias, patients were extract-
ed from a large MMD cohort using electronic medical re-
cords. The smallness of the sample could also be another
limitation. However, MMD is a rare disease and, to the best
of our knowledge, this study involved the largest sample gath-
ered in a single center.

In conclusion, MMD-associated aneurysms occurred in
3.3% of the MMD cohort in this study, with 63.6% in major
arteries and 36.4% in nonmajor arteries. Angiographic wors-
ening was observed in 17.9% of the aneurysms in the major
arteries, particularly in the posterior circulation, while 31.2%
of those in nonmajor arteries were growing or hemorrhaging.
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