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Case Report wem

Moyamoya Disease Emerged with Corpus Callosum Hemorrhage:

A 3D Computer Graphic Analysis

Shusuke Yamamoto,' Naoki Akioka," Daina Kashiwazaki,' Takahiro Tomita,' Naoya Kuwayama,' Satoshi Kuroda'

The authors present a rare case of moyamoya disease
emerged with corpus callosum hemorrhage. A 31-year-
old woman suddenly complained of severe headache
followed by consciousness disturbance. Radiological
examinations revealed the bleeding in the splenium of
corpus callosum, which was associated with intraven-
tricular hemorrhage. On cerebral angiography, the
carotid fork was severely stenotic on both sides, and a
marked dilatation was observed in the anterior/posterior
choroidal arteries and posterior pericallosal artery as
well as the lenticulostriate arteries. Therefore, she was
diagnosed as moyamoya disease. She successfully
underwent superficial temporal artery to middle cere-
bral artery (STA-MCA) anastomosis and indirect bypass
on both sides. Postoperative course was uneventful.
Follow-up cerebral angiography performed 4 months
after surgery showed well-developed surgical collaterals
via the external carotid system and a marked decrease
of the dilated moyamoya vessels. She has been free
from any cerebrovascular events for 36 months after
surgery. Radiological findings strongly suggest that sple-
nial bleeding occurred due to the rupture of the dilated
abnormal collateral vessels that originate from the
medial posterior choroidal artery and penetrate the
corpus callosum in this case. Three-dimensional com-
puter graphic analysis was useful to determine the
complex collateral circulation in moyamoya disease.
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Introduction

Moyamoya disease is characterized by progressive occlu-
sion of the supraclinoid internal carotid artery (ICA) and its
main branches within the circle of Willis. This occlusion
results in the formation of a fine vascular network (the moy-
amoya disease) which functions as collateral pathways."”
Although most of pediatric patients with moyamoya disease
develop transient ischemic attack or ischemic stroke, about
half of adult patients emerge with intracranial hemorrhage.
Susceptible age for hemorrhagic stroke is thirties to forties.
Intracranial bleeding is known to occur from the fragile,
dilated moyamoya vessels or from the saccular aneurysm
within the circle of Willis. Hemodynamic stress in the collat-
eral routes is playing a key role in both types of hemorrhagic
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stroke in moyamoya disease. The dilated moyamoya vessels
readily cause the bleeding in the basal ganglia or subventric-
ular white matter.>¥ In this report, we present a case of adult
moyamoya disease that presented with hemorrhage in the
splenium of corpus callosum. Callosal bleeding is quite rare
in moyamoya disease. More importantly, there are almost no
studies that denote the origin of bleeding in the corpus
callosum, probably because of the complicated anatomical
course of moyamoya vessels around the splenium of corpus
callosum as well as a small number of cases with moyamoya
disease-related callosal bleeding.

Case Report

A 31-year-old woman suddenly complained of severe
headache followed by consciousness disturbance, and was
admitted to an emergent hospital. She had frequently com-
plained of headache and weakness of the extremities in her
childhood, but she was not referred to any hospitals. She had
no family history of moyamoya disease. Neurological exami-
nations on admission showed severe consciousness distur-
bance (II1-100 on Japan Coma Scale). Plain CT scan
revealed the bleeding in the splenium of corpus callosum,
which was associated with intraventricular hemorrhage
(Fig. 1A). She underwent emergent ventricular drainage on
the right sides. Two months later, she completely recovered,
and she was transferred to our hospital for further examina-
tions and treatments. On admission, her neurological status
was intact. T»- and T,*-weighted MRI clearly identified the
site of hemorrhage in the splenium of corpus callosum
(Fig. 1B, C). Cerebral angiography demonstrated severe
stenosis of the carotid fork on both sides. Basal moyamoya
vessels were well developed and anterior choroidal arteries
were markedly dilated on both sides. Right external carotid
angiography demonstrated spontaneously developed collat-
erals from the superficial temporal artery (STA) and middle
meningeal artery (MMA) through previous burr hole (Fig. 2).
Left vertebral angiography revealed well-developed pial
anastomosis via the posterior cerebral arteries (PCAs) on
both sides. In addition, the posterior medial choroidal
arteries and posterior pericallosal arteries were notably
developed and functioned as the collateral to the anterior
cerebral arteries. Especially, extensive collateral circulation
was noted in the choroid plexus of the third ventricle near
the foramen of Monro through the medial posterior cho-
roidal artery. Furthermore, the medial posterior choroidal
artery gave off the abnormal collateral vessels that pene-
trated the corpus callosum into the anterior cerebral artery
territory, although their location did not correlate with the

85



86

S. Yamamoto et al.

Fig.1 Plain CT scans at the onset (A) demonstrated intracerebral hemorrhage in the splenium of corpus callosum, which is associated with intraven-
tricular hemorrhage. T>- (B) and T,*-weighted MRI (C) on admission show that the bleeding occurred in the splenium of corpus callosum in this case.

site of bleeding (Fig. 3A, B). The data of MRI and time-of-
flight MR angiography were employed to create three-
dimensional computer graphic (3D-CG), using Amira
version 5.0. As the results, 3D-CG technique clearly showed
spatial relationship among the corpus callosum, the site of
bleeding, and the abnormal collateral vessels (Fig. 4).
'ZI-IMP single photon emission computed tomography
(SPECT) demonstrated impaired cerebrovascular reactivity
to acetazolamide in the bilateral frontal lobes. She under-
went STA to middle cerebral artery (MCA) anastomosis
combined with indirect bypass, encephalo-duro-myo-
arterio-pericranial synangiosis (EDMAPS) on the right side,
and then on the left side with an interval of 2 months."’
Postoperative course was uneventful. Cerebrovascular reac-
tivity completely recovered in the bilateral frontal lobes on
repeated blood flow study 4 months after the second surgery.
Follow-up cerebral angiography demonstrated that surgical
collaterals widely covered the operated hemispheres, espe-
cially the frontal lobes. Abnormally dilated moyamoya

vessels remarkably diminished on both carotid and vertebral
angiograms. Abnormal collateral vessels originating from
the medial posterior choroidal artery also disappeared on the
left vertebral angiogram (Fig. 3C, D). On source images of
MR angiography, the dilated medullary arteries from the
lateral posterior choroidal arteries markedly decreased in
their extent after surgery (Fig. 5). She has experienced
no further episodes of ischemic and hemorrhagic stroke for
36 months after surgery.

Discussion

As aforementioned, there are two main sources of intra-
cranial bleeding in moyamoya disease, including the dilated,
fragile moyamoya vessels and the saccular aneurysms
within the circle of Willis. For the former, the rupture is
considered to occur due to persistent hemodynamic stress of
the moyamoya vessels and occurs in the basal ganglia, thal-
amus, or periventricular region. Intraventricular hemorrhage
is frequently complicated. Peripheral aneurysms in the



Corpus Callosum Bleeding in MMD

moyamoya vessels might be identified on cerebral angiog-
raphy in some patients."** Therefore, intracerebral hemor-
rhage in the splenium of corpus callosum is considered quite
rare. To our best knowledge, there are only four reports that
presented the cases that developed bleeding in the splenium
of corpus callosum. Thus, Muraki et al. (1981) reported
nine adult patients who experienced hemorrhagic stroke due
to moyamoya disease. Of these, a 53-year-old female case
presented with intracerebral hemorrhage in the corpus cal-
losum, but no precise information was documented.” Miya-
moto et al. (1984) reported a 55-year-old female case that
repeated the bleeding in the corpus callosum due to unilat-
eral moyamoya disease. The first bleeding occurred in the
body of corpus callosum, but the second occurred in the
genu. The authors concluded that these bleedings resulted
from the rupture of the beads-like dilated arteries along the
pericallosal artery in the non-involved side, which was con-
sidered as the collateral channels.® Irikura et al. (1996)
reported 10 cases with hemorrhagic stroke due to moyamoya
disease. Of these, two cases experienced splenial bleeding.
They emphasized that the medullary arteries from the ante-
rior and posterior lateral choroidal arteries showed a marked
and irregular dilatation, but did not describe the etiology of
splenial bleeding.” Very recently, Nah et al. (2012) analyzed

Fig.2 Towne’s view (A) and lateral view (B) of right internal
carotid angiography demonstrate severe stenosis of the
supraclinoid portion of the right internal carotid artery (ICA).
The lenticulostriate arteries and anterior choroidal artery are
markedly dilated. Note that the ethmoidal moyamoya vessels
from the right ophthalmic artery supply collateral blood flow
to the territory of the anterior cerebral arteries (arrow). Lateral
view of right external carotid angiography (C) shows the
development of collateral circulation from the right superficial
temporal artery and middle meningeal artery through the burr
hole for external ventricular drainage (arrow). Towne’s view
(D) and lateral view (E) of left internal carotid angiography
demonstrate severe stenosis of the supraclinoid portion of the
left ICA. The lenticulostriate arteries and anterior choroidal
artery are moderately dilated. Note that the left lateral and
medial posterior choroidal arteries (white and black arrow-
heads, respectively) and posterior pericallosal artery (arrow)
are also dilated and function as collateral circulation.

the location of intracerebral hemorrhage in 93 patients with
moyamoya disease. As the results, 4 (4.3%) of 93 patients
presented the bleeding in the corpus callosum. In this report,
plain CT scan showed that only one of these four patients
developed the bleeding in the splenium of corpus callosum,
but no other information on their demographic and radiolog-
ical findings was described.® Therefore, totally eight patients
have been reported to develop the bleeding in the corpus
callosum due to moyamoya disease. Bleeding occurred in
the body and genu in one patient, and occurred in the sple-
nium in three. The bleeding site was not documented in the
remaining four patients.

The present case experienced the bleeding in the splenium
of corpus callosum. Cerebral angiography clearly showed that
the collateral pathways from the vertebrobasilar system, that
is, the posterior choroidal arteries and posterior pericallosal
artery, were well developed on cerebral angiography. The
medial posterior choroidal artery originates from the ambient
portion of the PCA (P2 segment), encircles the midbrain
medial to the PCA toward the pineal gland, and supplies the
blood flow to the choroid plexus of the third ventricle. The
lateral posterior choroidal artery originates from the quadri-
geminal portion of the PCA (P3 segment) and passes laterally
through the choroidal fissure and around the thalamus to
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Fig. 3 Lateral views of pre (A, B) and postoperative left vertebral
angiography (C, D). Panels A and C represent early arterial phase, and
Panels B and D represent capillary phase. The right medial posterior
choroidal artery (arrowheads) and posterior pericallosal artery (arrow)
are markedly dilated before surgery (A), but diminish at 4 months after
surgery (C). Note that the abnormal collateral vessels (A, white arrow-
head) originate from the medial posterior choroidal artery and pene-
trate the corpus callosum to probably provide blood flow to the anterior
cerebral artery territory. In addition, extensive collateral circulation is
noted in the choroid plexus of the third ventricle near the foramen of
Monro through the medial posterior choroidal artery (A, asterisk). The
collateral pathways towards the territory of the anterior cerebral arter-
ies decrease in their extent after surgery (D, dotted area).
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Fig. 4 Three-dimensional computer graphic shows a spatial relation-
ship among the corpus callosum, the site of bleeding, and abnormal
collateral vessels.

enter the choroid plexus of the lateral ventricle. On the other
hands, the posterior pericallosal artery is the primary artery
responsible for the splenium supply. According to recent ana-
tomical study, the posterior pericallosal artery mainly

N

Fig. 5 Source images of time-of-flight MR angiography before
(A) and after surgery (B) demonstrate that the abnormally dilated
medullary arteries in the subependymal region of the right trigon
clearly decrease in the extent after surgery (arrows).

originates from the parieto-occipital artery (28/53; 53%) or
the P3 segment (12/53; 23%).” Considering radiological find-
ings in the present case, the bleeding most likely occurred
due to the rupture of the abnormal collateral vessels that orig-
inated from the medial posterior choroidal artery and pene-
trated through the corpus callosum (Fig. 3A). On 3D-CG, the
abnormal collateral vessels did not correlate with the site of
bleeding, probably because similar vessels at the site of
bleeding became invisible due to thrombosis or collapse after
bleeding (Fig. 4). This is the first report that may possibly
indicate the etiology of bleeding in the splenium of corpus
callosum in patients with moyamoya disease. In fact, previous
studies have strongly suggested the causative role of these
collateral pathways in the development of hemorrhagic stroke
in adult moyamoya disease. Irikura et al. (1996) analyzed the
findings on cerebral angiography in patients with moyamoya
disease, and concluded that the collateral circulation via the
choroidal and posterior pericallosal arteries was more promi-
nent in the hemorrhagic group than in ischemic group.”
Subsequently, similar results have been reported.®'”

Surgical revascularization is the most successful therapy to
improve cerebral hemodynamics, and to reduce the risk of



subsequent stroke."” Surgical procedures for indirect bypass
are specific for moyamoya disease.''> However, the benefi-
cial effects are not immediate because surgical collaterals
require 3—4 months to develop. More importantly, collateral
pathways through indirect bypass do not develop in about
40-50% of adult patients."” On the other hands, direct bypass
procedures mainly include STA-MCA anastomosis and is
quite useful to improve cerebral hemodynamics and to
resolve ischemic attacks immediately after surgery."” The
present case successfully underwent STA-MCA anastomosis
combined with EDMAPS on both sides.”” Recent random-
ized clinical trial, Japan Adult Moyamoya (JAM) trial,
clearly showed that direct or combined bypass surgery sig-
nificantly reduces the incidence of repeated hemorrhagic
stroke in adult patients with hemorrhagic type moyamoya
disease during a 5-year follow-up period.**'® More impor-
tantly, recent subgroup analysis of JAM Trial has demon-
strated that patients with posterior hemorrhage due to the
perforating arteries from the PCA and choroidal artery are at
higher risk of rebleeding and accrue greater benefit from sur-
gery than those with anterior hemorrhage due to the perfo-
rating arteries from the anterior and middle cerebral
arteries.'” Indeed, abnormal collateral circulation markedly
diminished after surgery on cerebral angiography (Fig. 3)
and the source images of MRA (Fig. 5).

Conclusion

We here report a rare case of adult moyamoya disease
emerged with intracerebral hemorrhage in the splenium of
corpus callosum probably due to the rupture of the abnor-
mally dilated branches from the medial posterior choroidal
artery. A 3D-CG technique would be useful to understand
complex anatomy of collateral circulation in moyamoya dis-
ease. Direct or combined bypass surgery would be useful to
prevent rebleeding in such adult patients with moyamoya
disease.
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