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The true cause of intracranial hemorrhage in moyamoya disease has not been 
clarified. Magnification cerebral angiograms were reviewed for seven patients. In four , 
small saccular aneurysms were seen arising from abnormally dilated collateral vessels 
or feeding arteries. This study suggests that aneurysms may be a source of hemorrhage 
in addition to the generally accepted rupture from abnormally dilated collateral vessels. 

Most patients with moyamoya disease are seen initially with intracranial bleed­
ing [1, 2]. Although dilated abnormal vascular networks in the base of the brain 
are reportedly responsible for the hemorrhages [3 , 4], their true cause has not 
been elucidated [2 , 3, 5]. Recently, the intracranial hemorrhages have been 
attributed to cerebral aneurysms, but the incidence of such aneurysms is rela­
tively low [4 , 6 , 7]. Review of magnification angiograms of patients with moya­
moya disease revealed that saccular aneurysms were more prevalent than 
previously reported. This report describes the angiographic features of moya­
moya disease, with special attention to these associated aneurysms. 

Materials and Methods 

Magnification cerebral angiography was performed in six patients with moyamoya 
disease using 0.1 x 0.1 mm focal spots [8] with a magnification factor of 2.0- 2.5 . A series 
of nine or 10 films was obtained. In a seventh patient, non magn ification cerebral angiog­
raphy was performed . In each case, both internal and external carotid arteries and one of 
the vertebral arteries were select ively catheterized. Simultaneous biplane ang iography was 
not performed. 

Four of the seven patients had cerebral aneurysms, and each case met the criteria of 
moyamoya disease: stenosis or occlusion of the supraclinoid part of the internal carotid 
artery and the most proximal parts of the anterior and middle cerebral arteries with 
extensive abnormal vascular networks in the base of the brain. Diagnosis of aneurysms 
required good visualization on both lateral and anteroposterior views. 

Seven other well documented cases of moyamoya disease with aneurysms were col­
lected from the Japanese and English literature [4 , 6, 7] and compared with those in my 
series. The size of the aneurysms was corrected for magnification . 

Case Reports 

Case 1 

A 10-year-old girl developed gait and speech disturbances 6 months before admission . 
She experienced a left-sided clonic hemiconvulsion originating in the left arm 3 days before 
admission. Physical examination revealed a left hemiparasis with decreased sensat ion in 
the left upper extremity and left side of the body. Both lower extremities were unremarkable. 
There was slight muscular weakness on the left, especially in the left arm, but no evidence 
of muscular atrophy. A lumbar puncture was not performed . 

Computed tomography (CTl of the brain demonstrated focal decreased x-ray absorption 
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Fig. 2.- Case 2 , 54-year-old woman with moyamoya disease. Vertebral 
arteriogram , Towne view. Saccular aneurysm of 8 mm arises at basi lar apex, 
protruding superiorly. 

in th e righ t temporoparietal region, the righ t basal gang lia, and in 
the right frontal lobe due to old cerebral infarctions. Contrast 
enhancement revealed tortuous vessels in the basal ganglia; the 
c ircle of Willis and the insular vessels on the right side were not 
visualized. 

Internal carot id angiography demonstrated occlusion of the su-

Fig. 1 .- Case 1, 1 O-year-old girl with 
moyamoya disease. A, Left extern al ca­
rotid angiogram, lateral view. Aneurysm 
of 2 mm at junction of middle men ingeal 
artery and branch of anterior cerebral 
artery near vertex ( short arrow) . In su­
prase llar area, 4 mm saccular aneurysm 
arises from abnormal artery between 
middle meningeal and internal carot id 
arte ry (long arrow). B, Left intern al ca­
rotid ang iog ram, anteroposte ri or view. 
Extensive abnormal vascular networks 
at base of brain with partial visualization 
of medullary arteries. Small aneurysm 
on convex ity medially at juncti on of mid­
dle meningeal arte ry and branch of an­
terior cerebral artery (arrow) . Aneurysm 
at base of brain not demonstrated . 

pracl inoid parts of the internal carotid arteries bilaterally with exten­
sive abnormal vascular networks and med ullary co llaterals. The 
horizontal part of the middle cerebral artery was completely oc­
cluded on both sides with reconstitution of the sylvian vessels via 
communications between the abnormal vascular networks and in­
sular segments. On the left vertebral angiog ram there was occlusion 
of the left parietooccipital and calcarine arteries with reconstituion 
of distal segments of these vessels via leptomeningeal co llaterals. 
There were extensive collaterals connecting the posterior and an­
terior c ircu lations via abnormal vascular networks. 

A 2 mril saccular aneurysm arose from the anastomotic site 
between the left middle meningeal artery and a branch of the 
anterior cerebral artery in the fron toparietal area (fig. 1). Another 4 
mm aneurysm was found in the suprasellar area arising from an 
abnormal vessel at the communicat ion between the left middle 
meningeal and internal carotid artery. 

Case 2 

A 54-year-old woman developed a left temporal headache with 
nausea and loss of consciousness. On admission 2 weeks later she 
was conscious and alert but had neck stiffness. A spinal tap 
revealed xanthochromia an d Kernig sign was positive, but there 
was no increase in intracranial pressure. The deep tendon reflexes 
were normal and there was no patholog ic reflexes. 

Computed tomography demonstrated decreased x-ray absorp­
tion in the right fronta l reg ion and the left basal ganglia, with a large 
infarction in th e right parietal lobe. Th ere was min imal to moderate 
fron tal atrophy and ventricular en largement. Following infusion with 
contrast media there were tortuous vessels in the basal ganglia. 
The circ le of Will is was partly visualized. 

Cerebral angiography demonstrated typical occlusion and collat­
eral vessels secondary to moyamoya disease. There was extensive 
anastomosis between the perforators and insular arteries on the left 
side . An 8 mm saccular aneurysm was noted at the basilar apex 
(fig . 2) . 
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Fig. 3.-Case 3, 59-year-old man 
with moyamoya disease. A, Left internal 
carotid angiogram, anteroposterior view. 
Middle cerebral artery occluded at ori ­
gin; anterior cerebral artery occluded; 
fron topolar artery functions as collateral 
vessel. Abnormal vascular networks 
formed at base of brain ; collaterals aris­
ing from ophthalmic artery in ethmoid 
area. Saccular aneurysm of 2.5 x 3.5 
mm arises from left an teri or choro idal 
artery, probably within choroid fissure 
(arrow). e, Left internal caroti d angio­
gram, lateral view. Abnormal vascular 
networks and co llateral vessels in eth­
moid reg ion. Occluded middle cerebral 
and anterior cerebral arteri es. Small 
aneurysm arises from anterior choroidal 
arte ry (arrow). 

Case 3 

A 

A 59-year-old man had a headache and nausea with impaired 
consciousness 4 '12 years before admission . A spinal tap revealed 
bloody cerebrospinal fluid and carotid angiography revealed moy­
amoya disease. He experienced vertigo, right hemiparesis , and 
right motor weakness again 3 weeks before admission . Physical 
examination revealed right motor weakness . 

Computed tomography of the brain demonstrated areas of de­
creased x-ray absorption in th e left temporal reg ion and left basal 
ganglia. After infusion of contrast med ia, focal enhancement oc­
curred in the low density lesions. 

Carotid angiog raphy demonstrated complete occlusion of the 
supraclinoid part of the right internal carotid artery and occlusion of 
the left midd le cerebral artery at its origin from th e internal carotid 
artery. There were extensive parenchymal and leptomeningeal col­
laterals, which reconstituted the middle cerebral arteries . Extensive 
parenchymal, transdural, and leptomeningeal co llaterals were 
noted. Th e left parietooccipital and calcarine arteries were occluded 
on the left vertebral angiog ram. Extensive leptomeningeal coli at­
erals reconstituted these occluded parts. In addition, th ere were 
leptomeningeal co llaterals toward the anterior ci rculation. A 3.5 x 
2.5 mm saccular aneurysm arose from the left anterior choroidal 
artery , probably within the choroid fi ssure (fig. 3). 

Case 4 

An 8-year-old girl developed weakness of the left lower extremity 
4 years before admission. Th is weakness recurred once or twice a 
month, but gradually reso lved. At 2 years before ad mission she had 
severe headaches once or twice a month that reso lved with medi­
cation. At 1 month before admission, she experienced severe and 
persistent headaches. Her eyesight was found to be im paired during 
a school eye examinat ion. When evaluated elsewhere, her electro­
encephalog ram was abnormal, but her spinal tap was unremarka­
ble. Physical examination revealed no significant abnormality. 

Bilateral carotid and left vertebral angiography revealed exten­
sive abnormal vascular networks at the base of the brain, with 
occlusion of the supraclinoid parts of both internal carotid arteries 
and narrowing of the prox imal anterior and midd le cerebral arteries . 
The distal cortical branches of the anterior and middle cerebral 
arteries were reconstituted via abnormal vascu lar networks and 
transdural and leptomeningeal collaterals. There was also marked 
development of the medullary collaterals on both sides. The right 
posterior cerebral artery was unremarkable, but a 2 x 3 mm 

B 

Fig. 4. - Case 4, 8-year-old girl with moyamoya disease. Left internal 
carotid angiogram, lateral view. Occlusion of supradinoid part of interna l 
carotid artery with extensive abnormal vascular networks and leptomeningeal 
collaterals. Saccular aneurysm of 2 x 3 mm arises from distal segment of left 
posteri or cerebral artery. 

saccular aneu rysm arose from the distal segment of the left poste­
rior cerebral artery (f ig. 4). 

Results 

Eleven patients had aneurysms assoc iated wi th moya­
moya disease. Four were from my series and seven from 
the literatu re [4 , 6, 7]. The group comprised six males and 
fi ve females 8 - 59 years old . 

All except the two ped iatric patients (cases 1 and 4) had 
one or more episodes of in tracranial bleed ing. These two 
children had sym ptoms secondary to cerebral ischemia. 
One of my patients and one from the series of Kodama and 
Suzuki [7] had two aneurysms. The others all had single 
aneurysms. 

Three aneurysms arose from the posterior choroidal ar-
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tery; one arose from the anterior choroidal artery and one 
from the abnormal vascular networks. One aneurysm arose 
from the junction of the middle meningeal artery and a 
cortical branch. Four aneurysms arose from the basilar apex 
and one from the origin of the superior cerebellar artery. 

Most aneurysms were saccular; fusiform aneurysms were 
rare. All the aneurysms were small (1.5-4.0 mm diam), 
except for the basilar artery aneurysms, the largest of which 
was 8 mm diam . 

Discussion 

The most common clinical manifestations of moyamoya 
disease are subarachnoid, intracerebral, or intraventricular 
hemorrhages [1, 2]. The incidence of hemorrhage exceeds 
60% in adults and is 10% in children [2]. 

Intracranial bleeding in moyamoya disease has been at­
tributed to the rupture of dilated collateral vessels or abnor­
mal vascular networks [4]. Recently , cases with associated 
intracranial aneurysms were reported, and it has been sug­
gested that the associated aneurysms may be another im­
portant cause of intracranial bleeding [4, 6, 7]. 

Associated intracranial aneurysms were recognized in 
four of seven of my cases and so far I have found seven 
other well documented cases in the literature [4, 6, 7]. 
These aneurysms usually arise from the anterior and pos­
terior choroidal arteries, the basilar apex, and abnormally 
dilated collaterals, but other arterial branches and major 
arterial segments may also give rise to aneurysms. The 
aneurysms are usually small and saccular. The incidence of 
aneurysms associated with moyamoya disease is reported 
as 14% in adults [7]. I believe this figure is too low because 
intracranial bleeding occurs in more than 60% of adults with 
moyamoya disease. In two of my four patients with aneu­
rysms a subarachnoid hemorrhage had occurred . 

With routine nonmagnification angiography, small aneu­
rysms may not be visualized due to the lower resolution and 
the overlapping vessels. Using selective angiography with 
magnification technique, cerebral aneurysms were discov­
ered in four of seven cases. Furthermore, fusiform or sac­
cular dilatations, which simulate aneurysms, were often 
visible in many arterial branches . Some cases of intracranial 
hemorrhage probably occur from microaneurysms that can­
not be demonstrated angiographically or from abnormally 
dilated collaterals or feeding arteries, as has been reported 
previously [4]. 

It is difficult to postulate why the aneurysms associated 
with moyamoya disease arise frequently from the anterior 
and posterior choroidal arteries. Aneurysms are also com-

mon in the vertebrobasilar system. These arteries most often 
extensively supply and give rise to abnormal collateral ves­
sels. 

The pathogenesis of these aneurysms is unknown. Ko­
dama and Suzuki [7] assumed that they were pseudoaneu­
rysms arising at the sites of rupture and hemorrhage of 
small arterial branches. This conclusion was based on the 
fact that these aneurysms spontaneously regressed and 
completely resolved . Although it is difficult to explain this 
resolution , it may be because of arterial spasm secondary 
to subarachnoid hemorrhage. The arterial wall of these 
vessels also may undergo degenerative change and weak­
ening , with a tendency to dilatation or rupture [4, 6]. This 
may produce saccular aneurysms. This mechanism is prob­
ably similar to that involved in the development of aneurysms 
in feeding arteries of arteriovenous malformations [9]. It is 
also possible that there are small congenital aneurysms in 
the collateral arteries or feeding vessels before moyamoya 
disease develops. 
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