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BACKGROUND Pure subarachnoid hemorrhage (SAH) in patients with moyamoya disease is a rare occurrence. Three underlying mechanisms have
been described previously, except for ruptured aneurysm of the circle of Willis. Herein, the authors describe a novel mechanism: rupture of a perforator
aneurysm in moyamoya disease.

OBSERVATIONS A 51-year-old man experienced sudden onset of severe headache and vomiting. Computed tomography showed diffuse SAH.
Digital subtraction angiography (DSA) showed unilateral moyamoya disease without remarkable etiology of SAH. The patient underwent conservative
management with antihypertensive agents. The second DSA on day 17 revealed a slow-filling aneurysm emerging from the basilar top perforating
artery. The diagnosis of SAH due to unknown origin was changed to ruptured basilar artery perforator aneurysm (BAPA). The third follow-up DSA on
day 159 revealed the resolution of BAPA.

LESSONS In the case of pure SAH, it is crucial to consider the possibility of perforator aneurysms due to hemodynamic stress caused by moyamoya

disease. Repeated DSA is essential for detecting the lesion.

https://thejns.org/doi/abs/10.3171/CASE22238
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Basilar artery perforator aneurysms (BAPAs) are defined as aneur-
ysms wherein the neck is located entirely on a perforating artery without
directly involving the basilar trunk." Since they were first described by
Ghogawala et al.? in 1996, the number of case reports of subarachnoid
hemorrhage (SAH) due to ruptured BAPA has been increasing. BAPAs
are a rare cause of SAH; therefore, the diagnosis and treatment strategy
remain controversial. The detection of ruptured BAPAs on the initial digi-
tal subtraction angiography (DSA) is complex, and repeated DSA is
needed to confirm the diagnosis. Herein, we report a rare case of moya-
moya disease—related ruptured BAPA in a patient who showed good out-
comes with conservative management.

lllustrative Case
A 51-year-old man with no past medical or surgical history was
brought to our hospital because of sudden onset of severe headache

and vomiting. Computed tomography (CT) of the head showed Fisher
group 3 diffuse SAH, slightly dense in the prepontine cistern (Fig. 1A).
CT angiography revealed occlusion in the terminal portion of the internal
carotid artery and slight contrast in the peripheral middle cerebral artery
but no aneurysm. DSA showed severe stenosis of the left internal
carofid artery and basal moyamoya vessels (Fig. 1B-E). At this point,
the patient was diagnosed with pure SAH associated with moyamoya
disease. He underwent conservative treatment with close imaging follow-
up. Cerebral vasospasm management was performed for 2 weeks, and
no neurological deficit was noted. On the 17th day, the second DSA
revealed a slow contrast-filling aneurysm emerging from the thalamoper-
forating artery branching from basilar bifurcation (Fig. 2). The final diag-
nosis for the patient was pure SAH due to ruptured BAPA. We
administered conservative treatment in anticipation of natural thrombosis.
He was discharged after 25 days, when his modified Rankin Scale score

ABBREVIATIONS BAPA = basilar artery perforator aneurysm; CT = computed tomography; DAPT = dual antiplatelet therapy; DSA = digital subtraction angiography;

FD = flow diverter; SAH = subarachnoid hemorrhage.
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FIG. 1. CT and DSA on admission. CT (A) shows diffuse SAH, slightly dense in the prepontine cistern. Left interal
carotid angiography, anteroposterior (B) and lateral (C) views, shows severe left internal carotid artery stenosis and
basal moyamoya vessels. Left vertebral angiography, anteroposterior (D) and lateral (E) views, shows collateral cir-
culation from the posterior cerebral artery to anterior and middle cerebral arteries.

was 0 without rebleeding events. His postdischarge clinical course was
uneventful. In the follow-up DSA performed on day 159, the aneurysm
had resolved (Fig. 3).

Discussion

Observations

We present a case of pure SAH due to a ruptured BAPA with
unilateral moyamoya disease. Pure SAH in patients with moyamoya
disease without aneurysms is extremely rare. The Japan Adult Moy-
amoya trial revealed that only 3.8% of the patients developed pure
SAH.2 There are two leading causes of intracranial bleeding in
patients with moyamoya disease: rupture of dilated, fragile moya-
moya vessels and rupture of saccular aneurysms in the circle of
Willis.* The former causes intraparenchymal hemorthage and intraven-
tricular hemorrhage, whereas the latter causes SAH. The common cause
of intracranial bleeding in moyamoya disease is collateral circulation
failure. Regarding the mechanisms underlying SAH onset, (1) rupture of
the peripheral artery aneurysm,” (2) rupture of the transdural anastomo-
sis,® and (3) rupture of the dilated collateral arteries on the brain surface’
have been reported to date. We found a novel cause of pure SAH onset
in moyamoya disease (i.e., rupture of the BAPA), which, to the best of
our knowledge, has not yet been reported. In this case, it was presumed
that the collateral circulation from the posterior cerebral artery had devel-
oped, and hemodynamic stress occurred on the basilar artery trunk. He-
modynamic stress plays an essential role in the formation of perforator
aneurysms. Therefore, in the case of pure SAH onset due to moyamoya
disease, it is necessary to consider the possibility of ruptured perforator
aneurysms.
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FIG. 2. Second DSA on day 17. A: Left vertebral angiography shows a
slow-filling aneurysm arising from the basilar top perforating artery (red
arrow). B: Three-dimensional rotational angiography shows a 2.5-mm
perforator aneurysm. C: Maximum-intensity projection shows basilar
top perforator artery and slowly contrasted aneurysm without directly in-
volving the basilar trunk.



FIG. 3. DSA on day 159. A and B: Left vertebral angiography and
three-dimensional rotational angiography show complete resolution of
the basilar artery perforator aneurysm. C: Maximum-intensity projection
shows that basilar artery perforator aneurysm resolved, and the perfo-
rator artery is preserved.

BAPAs are rare and may lead to severe SAH. Additionally, BA-
PAs are extremely small, with diameters ranging from 0.5 to 7 mm
(mean 2.5 mm) and commonly located in the middle to distal part
of the basilar artery.®® Moreover, distal perforating artery aneur-
ysms are sporadic, unlike proximal perforating artery aneurysms."®
The perforator angle from the basilar artery is upward to horizontal
in the middle and distal perforators; in contrast, the slope is down-
ward in the proximal perforators." These angles may affect hemo-
dynamic stress and may lead to the formation of the perforator
aneurysms.

The diagnosis of BAPAs is challenging and can be overlooked in
many cases. In a single-center study, Buell et al."" reported that
only 22% of ruptured aneurysms were visualized on initial imaging.
Sanchez-Mejia et al.'® found that perforator aneurysms were diffi-
cult to detect through imaging studies because they were slow to
fill, did not have opacity in the arterial phases like other aneurysms,
and were best visualized by scrolling through images on the com-
puter monitor. The interval between repeated cerebral angiography
was in accordance with our institutional protocol based on a past
report.”? In the present case, the perforator aneurysm was not ob-
served on the initial DSA, and the second DSA on the 17th day
was visualized from the late stage of the arterial phase. Stagnation
of the contrast medium was also observed in the venous phase.
Thus, in cases of nonaneurysmal pure SAH, repeated DSA is cru-
cial for detecting the lesion.

The treatment for ruptured BAPAs remains controversial, includ-
ing surgical treatment, endovascular treatment, and conservative
management. Surgical treatment of BAPAs may be feasible in spe-
cific cases.'®"*"" Direct surgery is often performed in the

subtemporal or anterior-petrosal approach because BAPAs are usu-
ally located in the middle to distal part of the basilar perforator ar-
tery. Therefore, we should be aware of complications, such as
cranial nerve injury and obstruction of the surrounding perforator ar-
tery. BAPAs may not be amenable to standard clip occlusion be-
cause of the absence of a true neck; therefore, the placement of a
surgical clip may also impede the perforator.”® In the reported cases
treated surgically, only 25% of the parent vessel perforators were pre-
served.™ The indications for surgical treatment should be carefully
considered.

Endovascular treatment comprises coiling, overlapping stents,
liquid embolization, and placement of a flow diverter (FD). Simple
coiling of BAPAs is difficult because the diameter of the perforator
artery is small, and catheter access is not possible. In such cases,
dual antiplatelet therapy (DAPT) may be administered, and overlap-
ping stents are used. In recent years, with the advent of FD, reports
of endovascular treatment are increasing.2'®'® There are reports of
good embolization of aneurysms preserving the perforator; however,
cases of perforator occlusion despite DAPT have also been
reported. Enomoto et al.® reported that the rate of resolution of the
aneurysm without complications was 58.3% in the stent/FD group.
In Japan, stents and FDs in the acute phase are available for off-label
use. Moreover, the stent/FD is potentially hazardous in the acute phase
because of DAPT, and their efficacy remains uncertain.

The natural history of the BAPAs is not well known. Forbrig
et al.?’ reported that conservative management causes at least
60% of spontaneous thrombosis. On average, 137 days are re-
quired for spontaneous thrombosis with a 15% risk of rebleeding.?’
Enomoto et al.® in their literature review, reported that among 23
patients who received conservative management, the aneurysm
was occluded spontaneously without complications in 12 patients
(52.2%), and 2 patients (8.7%) experienced rebleeding; therefore,
they strongly recommended conservative management. In our case,
the aneurysm occurred from the thalamoperforating artery. Because
the parent artery is a small and vulnerable perforator, it was con-
cerning that treatment with aneurysm clipping surgery or endovas-
cular coil embolization caused cerebral infarction due to the vessel
occlusion, resulting in severe neurological sequelae.? Thus, we se-
lected conservative management for this patient, which led to a
good outcome. Therefore, in cases of ruptured BAPA associated
with moyamoya disease, conservative treatment should be provided
along with performing diagnostic imaging by close follow-up.

Lessons

SAH due to ruptured BAPAs is extremely rare and often undiag-
nosed in the early stages, requiring repeated imaging tests. Hence,
it is essential to identify the perforator aneurysms due to pathologi-
cal hemodynamic stress in cases of SAH of unknown origin. SAH
in patients with moyamoya disease is rare, and follow-up DSA is
recommended because of the possibility of the development of late-
onset perforator aneurysms.
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