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Two interesting patients are described with unique clinical and radiographic manifes
tations of progressive bilateral stenosis-occlusion of the distal internal carotid arteries. 
Their clinical presentations, ischemic chiasma I syndrome and hypopituitarism, are ex
tremely rare, despite extensive occlusion of the circle of Willis. In one of these patients, 
the configuration of collateral vessels around the optic chiasm on computed tomography 
(CT) was so rounded and discrete that it actually had an appearance suggesting a 
pituitary tumor or an aneurysm. In the second patient, a pseudoaneurysm and a very 
large intracerebral hematoma with a ring of contrast enhancement were the radiographic 
manifestations, 

Progressive stenosis-occlusion of the distal internal carotid artery is an uncom
mon variety of cerebrovascular occlusive disorder. When it is associated with an 
extensive telangiectasia in the region of the basal ganglia, it is often termed 
moyamoya [1-5]. The occlusive process is usually bilateral and affects primarily 
the supraclinoid internal carotid artery and its distal bifurcation . Occasionally, the 
distal end of the basilar artery is also involved. There is a striking female prepon
derance and predilection for the young [4-7] . The initial clinical symptoms in 
children are mainly secondary to cerebral ischemia, and predominantly manifest as 
recurrent transient neurologic deficits. In contrast, intracranial hemorrhage is the 
most common initial presentation in adults [8] . Ischemic chiasmal syndrome and 
hypopituitarism are extremely rare , despite extensive occlusion of the circle of 
Willis. Two interesting patients with unique clinical and radiographic manifestations 
are the subject of this report . 

Case Reports 

Case 1 

A 40-year-old woman was seen after 2 years of frequent generalized nonthrobbing 
headaches and 7 months of poor vision in the right eye. She had experienced polyuria for 1 
month , cold intolerance for 2 years , and amenorrhea for 20 years. She did not have 
hoarseness, hair loss, skin changes, weight gain, constipation , memory disturbance, or a 
change in hand or foot size. 

On examination she was alert, cooperative, and obese. Her vital signs and general 
examination were normal, as were her memory and speech. Visual acuity was 20/40 in the 
right eye and 20/16 in the left. She missed all of the Hardy-Rand-Rittler color plates with the 
right eye and nine of 20 with the left. A right afferent pupillary defect was present. Her visual 
fields showed a complete bitemporal hemianopia, with marked nasal constriction in the right 
eye and moderate in the left . Fundoscopy revealed bilateral optic disk pallor and diffuse 
retinal nerve fiber attenuation , more prominent in the right eye. Extraocular movements and 
efferent pupillary function were intact. The rest of the neurologic examination was normal. 
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Fig. 1.-Case 1 Collateral vessels around optic chiasm and pituitary stalk. A and e, Postcontrast CT scans. Discrete enhancing lesion in 'anteromedial part of 
pituitary fossa and suprasellar cisterns (arrows) . C, Metrizamide cisternogram shows corresponding filling defect in suprasellar cisterns. Bilateral carotid occlusion 
in left frontal (0) and lateral (E) carotid arteriograms. Stenosis of juxtasellar and occlusion of supraclinoid parts of internal carotid , proximal anterior, and middle 
cerebral arteries. Branches of anterior and middle cerebral arteries are filled via collateral circulation. Some collateral vascular channels are in sellar and suprasellar 
regions (arrow) . External carotid branches are superimposed on internal carotid artery. F, Right internal carotid artery is completely occluded and thrombosed 
down to near its origin (arrow) . 

Her erythrocyte sedimentation rate was 46 mm/hr. The antinuclear 
antigen determination was normal. Fasting cholesterol and triglycer
ide levels were 237 mg/dl and 80 mg/dl , respectively. The serum T4 
was 2.2 I1g/ml (normal, 4.6-11 .0 l1/ml); T3 was 0.81 I1g/ml (normal, 
0-1 .0 I1g/ml); and thyroid-stimulating hormone (TSH) was 1.8 IU 
(normal, 0-5 IU). The follicle-stimulating hormone (FSH) (normal, 20 
mlU/ml) was less than 1.51 mlU/ml. An 8 a.m. cortisol level was 1.0 
I1g/dl (normal , 15-25 I1g/dl). The serum prolactin was 15.2 I1g/ml 
(normal, 9-20 I1g/ml), and the random serum growth hormone was 
0.6 I1g/ml (normal , 0.3-7.5 I1g/ml). 

Plain skull films and pOlytomograms showed a normal sella turcica. 
Precontrast computed tomography (CT) revealed a slightly hyper
dense (40 H) abnormality in the anteromedial part of the suprasellar 
cistern and pituitary fossa. This lesion enhanced (67 H) after intrave
nous injection of contrast medium (41 g I). CT metrizamide cisternog
raphy demonstrated a corresponding filling defect in the suprasellar 
cisterns (figs . 1 A-1 C). Bilateral carotid and vertebral angiography 
showed narrowing of the juxtasellar and occlusion of the supraclinoid 
parts of the left internal carotid artelY, involving the proximal middle 
and anterior cerebral arteries. There were some collateral vascular 
channels in the sellar and suprasellar regions (figs. 10-1 F). The right 

internal carotid artery was completely occluded. There were lepto
meningeal collaterals and retrograde blood flow from the vertebro
basilar circulation into branches of the middle and anterior cerebral 
arteries. 

Repeated examinations over the subsequent 4 years demonstra
ted fluctuating visual function, with overall mild improvement in acuity, 
color plate visualization , and visual fields. Repeated contrast CT 
showed the lesion to have remained essentially unchanged. The 
patient was given thyroid and corticosteroid replacement therapy. 

Four years after her initial presentation, thyrotropin- and gonado
tropin-releasing hormone stimulation was performed. TSH remained 
less than 1.0 IU/ml at 0, 20, 30, 60, and 90 min. Similarly, the FSH 
did not rise above 1.5 mlU/ml. She remained amenorrheic. 

Case 2 

A 34-year-old man was admitted with the diagnosis of terminal 
multiple sclerosis. He was the product of a difficult delivery and was 
mentally retarded. 

At age 29, he developed a rigid neck, unsteady gait, drooling, and 
a change in speech. He recovered partly, and later the same year 
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Fig. 2.-Case 2. A, Postcontrast CT scan shows very large hematoma in right cerebral hemisphere with peripheral rim of contrast enhancement, indicating that 
at least intracerebral hematoma is several weeks old. Lateral (8 and C) and slightly oblique frontal (0 and E) angiograms. Aneurysm (arrows) arising from inferior 
frontal branch, which apparently originates near anterior communicating artery and was filled during both right and left carotid injections. Right middle cerebral 
artery was completely occluded , with stenotic lesions in distal internal carotid artery and in both anterior and left middle cerebral arteries. 

was admitted to another hospital , with left hemiparesis and right gaze 
preference. His vision was poor, and he was able to recognize coins 
with each eye only at distances of 8 cm or less. A nuclear brain scan 
and echoencephalogram were normal. Diffuse slowing was seen on 
electroencephalography. Cerebrospinal fluid examination was normal , 
aside from findings of 9 monocytes/3 ml and slightly increased 
immunoglobulins of 13 mg/dl. A diagnosis of multiple sclerosis was 
made; steroid treatment was begun, and the patient improved. 

At age 32, similar symptoms reappeared and a course of steroid 
therapy provided only minimal benefit. He remained dysarthric, unable 
to walk without assistance, and unable to swallow solid foods. At 
age 34, he became mute and barely able to move. He was admitted 
to the LAC-USC Medical Center unresponsive but with normal vital 
signs. Bilateral optic atrophy and severe spastic quadriparesis were 
present, more pronounced on the left side. 

CT of the head revealed a very large hematoma occupying most 
of the right frontal and parietal lobes. Its anterior part was hyperdense, 
surrounded by a peripheral isodense rim that enhanced after intra-

venous injection of contrast medium. There was marked compression 
of the right lateral ventricle, with displacement of the midline struc
tures to the left, and hydrocephalus due to compression of the 
foramen of Monro and transfalcial and uncal herniation (fig . 2Al. A 
cerebral angiogram revealed occlusion of the right middle cerebral 
artery, with stenotic lesions in the right anterior cerebral artery and 
in the left middle and anterior cerebral arteries. Collateral blood flow 
to the anterior circulation was provided by leptomeningeal and per
iophthalmic anastomoses and channels from the posterior circulation . 
There was an aneurysm on an inferior frontal branch arising in the 
vicinity of the anterior communicating artery (figs. 2B-2El. 

The patient died 8 months later. A postmortem angiogram was 
obtained that demonstrated a fine vascular rete arising from the right 
internal carotid artery. However, the postmortem angiogram did not 
reveal an aneurysm. 

At autopsy, the vessels at the base of the brain showed striking 
diffuse circumferential thickening of the walls of the middle and 
anterior cerebral arteries and the supraclinoid part of the internal 
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Fig . 3.-Case 2. A, Cross section through carotid artery reveals markedly thickened intima and fragmented internal elastic membranes (arrows ) (X45). e, At 

high magnification , smaller artery adjacent to internal carotid artery with proliferation of intima and recanalization of occluded lumen (x 45). C, Section of optic 
chiasm contains fibers with intact myelin. D, Midportion of chiasm adjacent to perforating vessels shows focal patches of myelin loss (Luxol fast blue x 1 0). 

carotid artery. There were no aneurysms, vascular malformations, or 
artheromatous plaques. The posterior circulation, including the basilar 
and vertebral arteries, showed normal vascular structures. The ce
rebral hemispheres were asymmetric, with marked enlargement and 
subfalcial herniation of the right frontal lobe. There was also a mild 
degree of transtentorial herniation of the unci bilaterally. 

Gross examination of the brain after fixation with 10% phosphate
buffered formalin revealed widespread hemorrhage within the lateral 
ventricles, extending from the white matter of the right frontal lobe. 
There was also subarachnoid extension of the hemorrhage into the 
posterior fossa and overlying the cerebellar hemispheres. A 5-mm
diam circumscribed area of old cystic infarction was present within 
the left basal ganglia. 

Microscopically , cross sections of the vessels revealed marked 
diffuse fibrosis and thickening of the intima. The internal elastic 
membrane was fragmented in some regions, as revealed in aldehyde 
fuchsin-stained sections (figs. 3A and 38). The media showed mod
erate proliferation of the connective tissue component. There were 
no inflammatory infiltrates, amyloid , fibrin , or lipid degeneration or 
cholesterol deposits within the vessel walls. Several smaller vessels 
also showed luminal occlusion and recanalization by a fine meshwork 
of endothelial cells. The vascular lesions did not appear to be the 
result of an acute or chronic inflammatory process. There was pallor 
and some demyelination of the optic chiasm (figs. 3C and 3~). Post
mortem examination of the brain showed no evidence of multiple 
sclerosis. 

Discussion 

Moyamoya disease is a rare and unique cerebrovascular 
occlusive disorder of unknown etiology with three distinctive 
angiographic features [1-13] : 

1. Bilateral stenotic and occlusive changes affecting the 
distal internal carotid bifurcation and proximal parts of the 
main trunk of the middle and anterior cerebral arteries. 
Branches of the middle and anterior cerebral arteries distal to 
the stenotic segments remain normal (therefore being avail
able for possible bypass surgery). 

2. Leptomeningeal and transdural anastomoses ("rete mir
abile") derived from the middle meningeal and superficial 
temporal arteries. With involvement of the ophthalmic arteries, 
cerebral perfusion becomes totally dependent on collaterals 
from the external carotid and vertebral arteries . 

3. Development of an extensive parenchymal collateral 

network in the region of the basal ganglia. The angiographic 
appearance of this telangiectasis has been likened to a puff 
of smoke (UmoyamoyaU in Japanese). The telangiectatic chan
nels that serve as collateral routes (supplied by the striate 
vessels and choroidal arteries) increase with the evolution of 
the stenotic process and are more pronounced when the 
occlusive process begins earlier in childhood and progresses 
slowly. However, further progression of the occlusive process 
may ultimately compromise the origin of the striate arteries 
and decrease the collateral network. 

The optic chiasm and pituitary gland are uniquely situated 
to receive blood supply from multiple arteries of the circle of 
Willis [14-21]. Branches arising from the internal carotid and 
anterior cerebral arteries supply each side of the lateral 
chiasm. The inferomedial chiasm is perfused predominantly 
by the right and left superior hypophyseal arteries that arise 
from the medial aspect of the internal carotid at the level of 
the origin of the ophthalmic artery. The posteroinferior chiasm 
is mainly supplied by perforating twigs arising from the pos
terior communicating arteries. The superior surface of the 
chiasm receives multiple fine branches from the distal internal 
carotid , anterior cerebral, and anterior communicating arter
ies . The superior hypophyseal artery as well as the anasto
motic plexus surrounding the infundibular stalk nourishes the 
pituitary gland. This periinfundibular anastomosis is supplied 
by the ipsilateral and contralateral connecting branches of the 
internal carotid , anterior cerebral, posterior communicating, 
and superior hypophyseal arteries. There is generally a com
mon blood supply to the pituitary gland and optic chiasm. 

Compression is the usual cause of the chiasmal syndrome. 
Tumors are the most common source of pressure on the 
chiasm [22-25] , but aneurysms [26, 27], ectatic carotid or 
anterior cerebral arteries [28-30], arachnoiditis [31-35] , a 
dilated third ventricle [36], and a transtentorial herniation are 
other unusual etiologies. Rare, noncompressive causes of 
bitemporal hemianopia include trauma, multiple sclerosis , and 
ischemia [34]. Ischemic damage to the anterior visual path
ways occurs predominantly at two sites: (1) the inner retina, 
in association with central retinal artery occlusion , and (2) the 
retrolaminar optic nerve, with multiple posterior ciliary artery 
occlusions. Chiasmal ischemia in the absence of associated 
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Fig . 4.-Postmortem examination. Extensive collateral vascular channels 
around optic chiasm in bilateral occlusive carotid disease. (Reprinted from 
146).) 

lesions (such as tumors, ectatic vessels , meningitis, or arach
noiditis) is exceedingly rare. The few well documented cases 
have been described in associated with temporal arteritis [37 , 
38] . 

Intracranial carotid occlusion is a rare but recognized cause 
of hypopituitarism [39, 40]. Ischemic infarction of the pituitary 
would require occlusion of multiple branches of the arteries 
supplying the pituitary gland. Pituitary hypofunction may be 
explained by thrombosis of these small branches, such as 
those demonstrated histologically in our case 2. 

Few vascular diseases produce such extensive disease of 
the circle of Willis without cortical infarction. In our patients, 
collateral vessels from the external carotid artery and the 
posterior circulation must have provided adequate cerebral 
perfusion. Such widespread collateralization is often found in 
patients with moyamoya disease. 

CT findings in moyamoya disease have been described 
[41-45] . Significant abnormalities noted were multiple low
density lesions simulating those of multiple infarcts, ventricu
lar dilatation, and cerebral atrophy. On occasion , the abnormal 
avascular network in the region of the suprasellar cisterns 
and the basal ganglia has been demonstrated by higher doses 
of intravenous contrast medium. McCormick and Schochet 
[46] demonstrated extensive collateral vascular channels 
around the optic chiasm on postmortem examination in a 
patient with moyamoya disease (fig . 4). Abnormal enhance
ment in the sella and suprasellar cisterns in our case 1 
represents similar extensive collateralization . This case is of 
further interest in that the configuration of the enhancing 
lesion was so rounded and discrete that it actually had an 

appearance suggesting a pituitary adenoma or aneurysm (or 
other mass lesion). 

In case 2 an aneurysm of a distal part of the frontopolar 
artery was demonstrated angiographically. The peripheral 
location of this aneurysm and the failure to find an aneurysm 
postmortem either angiographically or at autopsy suggested 
that a pseudoaneurysm may have been present. True aneu
rysms as well as pseudoaneurysms have been reported oc
casionally in patients with moyamoya disease [47- 59] . pseu
doaneurysm is thought to have developed at the site of 
hemorrhage from a small artery. In our case 2, presumably 
the blood had penetrated the adjacent encephalomalacic is
chemic brain tissue and produced a huge hematoma. A ring 
of contrast enhancement seen on the CT scan indicates that 
the intracerebral hematoma was in a resolving state [60, 
61]. Although a large space-occupying lesion with resultant 
herniation could have resulted in chiasmal compression and 
ischemia, the visual deficit in our patient had long preceded 
the intracerebral hematoma. 

REFERENCES 

1. Nishimoto A, Takeuchi S. Abnormal cerebrovascular network 
related to the internal carotid arteries . J Neurosurg 1968;29: 255-
260 

2. Kudo T. Spontaneous occlusion of the circle of Willis : a disease 
apparently confined to Japanese. Neurology (NY) 1968;18 :485-
498 

3. Suzuki J, Takaku A. Cerebrovascular "moyamoya" disease: dis
ease showing abnormal net-like vessels in base of brain. Arch 
Neurol 1969;20 : 288-299 

4. Taveras JM. Caldwell lecture. Multiple progressive intracranial 
arterial occlusions: a syndrome of children and young adults . 
AJR 1969 ;106 :235-268 

5. Handa J. Janda H. Progressive cerebral arterial occlusive dis
ease: analysis of 27 cases. Neuroradiology 1972;3: 119-133 

6. Lee MLK. Cheung EMT. Moyamoya disease as a cause of 
subarachnoid hemorrhage in Chinese. Brain 1973;96 :623-628 

7. Carlson CB, Harvey FH. Loop J. Progressive alternating hemiple
gia in early childhood with basal arterial stenosis and telangi
ectasia (moyamoya syndrome). Neurology (NY) 1973;23:734-
744 

8. Suzuki J, Kodama N. Moyamoya disease: a review. Stroke 
1983;14: 1 04-1 09 

9. Weidner W, Hanafee W, Merkham CH . Intracranial collateral 
circulation via leptomeningeal and rete mirabile anastomoses. 
Neurology (NY) 1965;15 :39-47 

10. Leeds NE, Abbott KH . Collateral circulation in cerebrovascular 
disease in childhood via rete mirabile and perforating branches 
of anterior choroidal and posterior cerebral arteries. Radiology 
1965;85:628-634 

11 . Lee KF. Hodes PJ . Intracranial ischemic lesions. Radiol Clin North 
Am 1967;5 :363-393 

12. Harwood-Nash DC, McDonald P, Argent W. Cerebral arterial 
disease in children: an angiographic study of 40 cases . AJR 
1971 ;111 :672-686 

13. Hilal SK. Solomon GE. Gold AP, Carter S. Primary cerebral 
arterial occlusive disease in children. Part I: acute acquired 
hemiplegia. Radiology 1971 ;99 :71-86 

14. McConnel EM. The arterial blood supply of the human hypoph
YSis cerebri . Anat Rec 1953;115 : 175- 201 

15. Dawson BH . The blood vessels of the human optic chiasma and 
their relation to those of hypophysis and hypothalamus. Brain 



372 AHMADI ET AL. AJNR:5, July/August 1984 

1958;81 : 207 -217 
16. Stanfield JP. The blood supply of the human pituitary gland. J 

Anat 1960;94:257-273 
17. Bergland RM, Ray BS. The arterial supply of the human optic 

chiasm. J Neurosurg 1969;31 :327- 334 
18. Wollschlaeger PB, Wollschlaeger G, Ide CH , Hart WM . Arterial 

blood supply of the human optic chiasm and surrounding struc
tures. Ann Ophtha/mo/1971 ;3:862-869 

19. Wollschlaeger G, Wollschlaeger PB. The circle of Willis. In New
ton TH, Potts DG, eds. Radiology of the skull and brain , vol 2, 
book 2. St. Louis: Mosby, 1974: 1180-1196 

20. Perlmutter 0 , Rhoton AL Jr. Microsurgical anatomy of the ante
rior cerebral/anterior communicating/recurrent artery complex. J 
Neurosurg 1976;45 :259-272 

21 . Gibo H, Lenkey C, Rhoton AL Jr. Microsurgical anatomy of the 
supraclinoid portion of the internal carotid artery . J Neurosurg 
1981 ;55 :560-574 

22. Rucker CW, Kernohan JW. Notching of the optic chiasm by 
overlying arteries in pituitary tumors . Arch Ophthalmol 
1954;51: 161-170 

23. Walsh FB, Hoyt WF. Clinical Neuro-ophthalmology, 4th ed. Bal
timore: Williams & Wilkins, 1982 

24. Schneider RC, Kriss FC, Falls HF. Prechiasmal infarction asso
ciated with intrachiasmal and suprasellar tumors. J Neurosurg 
1970;32:197-208 

25. Lee KF, Lin SA. Neuroradiology of sellar and juxtasellar lesions. 
Springfield, IL: Thomas, 1978:402-409 

26. Jefferson G. Compression of the chiasma, optic nerves, and 
optic tracts by intracranial aneurysms. Brain 1937;60:444-497 

27. Walsh FB. Visual field defects due to aneurysms at the circle of 
Willis. Arch Ophthalmol 1964;71 : 15-27 

28. Walsh FB, Gass JD. Concerning the optic chiasm (de Schweinitz 
lecture). Am J Ophthalmo/1960;50: 1 031-1 047 

29. Mitts MG, McQueen JD. Visual loss associated with fusiform 
enlargement of the internal portion of the internal carotid artery . 
J Neurosurg 1965;23 :33-37 

30. Sacks JG, Lindenberg R. Dolicho-ectatic intracranial arteries. 
Johns Hopkins Med J 1969;125 :95-105 

31 . Vail D. Optochiasmic arachnoiditis . Arch Ophthalmol 1938; 
20 :384-394 

32. Hausman L. Syphilitic atrophy of the optic nerve and papilledema 
due to optochiasmal arachonoiditis. Arch Ophthalmol 1940; 
23 : 11 07 - 1115 

33. Oliver M, Beller AJ, Behar A. Chiasmal arachnoiditis as a mani
festation of generalized arachnoiditis in systemic vascular dis
ease. Br J Ophtha/mo/1968 ;52:227-235 

34. Lindenberg R, Walsh FB, Sacks JG. Neuropathology of vision. 
Philadelphia: Lea & Febiger, 1973:208-211 , 220-226, 248-253 

35. Aszkanazy CL. Sarcoidosis of the central nervous system. J 
Neuropathol Exp Neuro/1952 ;11 :392-400 

36. Newton TH , Hoyt WF, Glaser JS. Abnormal third ventricle. In 
Newton TH, Potts DG, eds. Radiology of the skull and brain , vol 
4. St. Louis: Mosby, 1978 :3399-3488 

37. Crampton MR. The visual changes in temporal (giant-cell) arteri
tis. Brain 1959;82:377-390 

38. Lee KF , Schatz NJ. Ischemic chiasmal syndrome. Acta Radiol 
{Suppl] (Stockh) 1975;347 : 131-147 

39. Cull RE. Internal carotid artery occlusion caused by giant cell 
arteritis . J Neurol Neurosurg Psychiatry 1979;42: 1 066-1 067 

40. Hobbs KEF. A case of Sheehan 's syndrome with almost com
plete bilateral internal carotid occlusion. Guys Hosp Rep 

1959;108:87 
41 . Handa J, Handa H, Nakano Y, Okuno T. Computed tomography 

in moyamoya: analysis of 16 cases. CT 1977;1: 165-174 
42. Handa J, Nakana Y, Ok uno T, Komuro H, Hojyo H, Handa H. 

Computerized tomography in moyamoya syndrome. Surg Neurol 
1977;7 :315-319 

43. Karasawa J, Kikuchi H, Furuse S. Subependymal hematoma in 
"moyamoya" disease. Surg Neuro/1980;13: 118-120 

44. Takahashi M, Saito Y, Konno K. Intraventricular hemorrhage in 
childhood moyamoya disease. J Comput Assist Tomogr 
1980;4: 117-120 

45. Takeuchi S, Kobayashi K, Tsuchida T, Imamura H, Tanaka R, 
Ito J. Computed tomography in moyamoya disease. J Comput 
Assist Tomogr 1982;6:24-32 

46. McCormick WF, Schochet SS Jr. Atlas of cerebrovascular dis
ease. Philadelphia: Saunders, 1976 : 138-147 

47. Kamisasa A, Hiratsaka H, Inaba Y. A case of an aneurysm arising 
in abnormal intracranial vascular networks. Brain Nerve 
1972;24:463-468 

48. Takeyama F, Matsumori K, Sugimori T, Kagawa M, Fukuyama 
Y. A case of the anterior choroidal artery aneurysm combined 
with the abnormal intracranial vascular network. No Shinkei Geka 
1976;4: 1 075-1 080 

49. Higashi K, Hatano M, Maza T. Disease with abnormal intracranial 
vascular network complicated with intracerebral hematoma. J 
Neurol Neurosurg Psychiatry 1974;37:365-369 

50. Kodama N, Mineura K, Suzuki J, Kitaoka T, Kurachima Y, 
Takahashi S. Cerebrovascular moyamoya disease associated 
with aneurysm at the peripheral portion of the posterior choroidal 
artery. No Shinkei Geka 1976;4:985-991 

51 . Kudo T, Fukuda S. Spontaneous occlusion of the circle of Willis. 
Adv Neurol Sci 1976;20:750-757 

52. Ono K, Fumimoto T, Komatsu K, et al. Abnormal intracranial 
vascular network containing an aneurysm: especially its morpho
logical findings by operating microscope. Brain Nerve 
1976;28: 353-364 

53. Yasargil MG, Smith RD. Association of middle cerebral artery 
anomalies with saccular aneurysms and moyamoya disease. 
Surg Neuro/1976;6:39-43 

54. Kodama N, Suzuki J. Moyamoya disease associated with aneu
rysm. J Neurosurg 1978;48 :565-569 

55. Adams HP, Kassell NF, Wisoff HS, Drake CG. Intracranial sac
cular aneurysm and moyamoya disease. Stroke 1979; 10: 17 4-
179 

56. Kowada M, Momma F, Kikuchi K. Intracranial aneurysm associ
ated with cerebrovascular moyamoya disease: Report of a case 
and review of 13 cases. Br J Radiol 1979;52: 236-237 

57. Mauro A, Jonson ES, Chikos PM, Alvord EC. Lipohyalinosis and 
milliary microaneurysms causing cerebral hemorrhage in a pa
tient with moyamoya. Stroke 1980;11 :405-412 

58. Nagamine Y, Takahashi S, Sorobe M. Multiple intracranial aneu
rysms associated with moyamoya disease. J Neurosurg 
1981;54:673-676 

59. Yuoso H, Tokito S, Izumi K. Cerebrovascular moyamoya disease 
associated with an intracranial pseudoaneurysm. J Neurosurg 
1982;56: 131-134 

60. Zimmerman RD, Leeds NE, Naidich TP. Ring blush associated 
with intracerebral hematoma. Radiology 1977; 122 : 707 -711 

61 . Laster OW, Moddy OM , Ball MR. Resolving intracerebral hema
toma: alteration of the "ring sign" with steroids. AJR 
1978; 130: 935-939 


