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Abstract
Purpose Surgical revascularization for pediatric moyamoya
disease improves cerebral blood flow (CBF) and consequently
may prevent further ischemic events. However, the timing of
the treatment is controversial especially for patients with no
ischemic symptom and normal CBF. The purpose of this case
report is to inform and infer the surgical treatment timing for
pediatric moyamoya disease patients.
Case report A 10-year-old female patient with unilateral
moyamoya disease complaining of only headache as a symp-
tom and whose Suzuki stage was II or in transition to III by
angiography and CBF was almost normal was admitted to
Tokyo Women’s Medical University Hospital. We performed
superficial temporal artery-middle cerebral artery (STA-
MCA) double anastomoses for the patient because we estimat-
ed her headache was derived from low perfusion in the brain.
STA-MCA bypass surgery was not only effective for relief of
her severe headache but also valid for her cerebral perfusion.
Her angiography showed much supply from external carotid
artery to intracranial arteries via bypass grafts in 7 months.
Conclusion Our case showed early surgical treatment was
beneficial for relief of severe headache even for early staged
pediatric moyamoya disease patients by improving perfusion
pressure and cerebral circulation.
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Introduction

Moyamoya disease is a progressive occlusive cerebrovascular
disease characterized by bilateral stenosis of the internal ca-
rotid arteries at the level of their terminal bifurcation together
with abnormalities of the anterior and middle cerebral arteries
and the development of extensive collateral vessels
(moyamoya vessels) [17].

In general, pediatric patients with moyamoya disease pres-
ent with ischemic symptoms [17]. Surgical revascularization
to the ischemic brain is a recommended treatment option [2],
which reduces the incidence of subsequent ischemic stroke
and risk of intellectual and executive problems [19, 20]. Head-
ache in moyamoya disease is one of the major complaints in
young patients, which was mentioned by a Japanese nation-
wide survey [21]. The Research Committee on Moyamoya
Disease classified a headache as non-ischemic symptom [2],
and surgical indication for pediatric patients whose complaint
is only headache is controversial. Besides, it is difficult to
make a surgical decision for patients in relatively early stage
of the moyamoya disease (Suzuki stage I–II) and whose cere-
bral blood flow (CBF) is not diminished. The purpose of this
case report is to inform and infer the surgical treatment timing
for pediatric moyamoya disease patients.

Case presentation

A 10-year-old girl referred to our department to investigate
severe headache, which had no previous history of motor
weakness, sensory disturbance, seizure and involuntary move-
ment, and only a history of severe headache several times
from childhood. Magnetic resonance image (MRI) and mag-
netic resonance angiography (MRA) were performed by a
local doctor, and moyamoya disease was suspected.
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Neuroimaging findings

MRI did not reveal stroke lesions but multiple flow voids in
the basal ganglia. The presence of stenosis of the terminal
portion of the right intracranial internal carotid artery was
shown by MRA. Left internal carotid angiography revealed
no stenosis of the internal carotid artery, and right anterior
cerebral artery was supplied from the left anterior cerebral
artery via anterior commissure artery. Right internal carotid
angiography demonstrated the stenosis of the terminal portion
of the internal carotid artery and no anterior cerebral artery
(Fig. 1). The middle cerebral artery distended compared to
the left one (Fig. 1). Moyamoya vessels developed at the top
of the internal carotid artery (Fig. 1). Suzuki stage was II or in
transition between stage II and III. Xenon computed tomog-
raphy (XeCT) showed 64.4 (at rest) and 73.9 ml/100 g/min
(after diamox loading), and cerebrovascular reaction was
14.8 % in the right middle cerebral artery area (Fig. 2). There
was nomarkedly decreased uptake in the right middle cerebral
artery area in comparison with the left side (Fig. 2).

Operation

STA-MCA double anastomoses were performed. Cortical
branches of middle cerebral arteries (M4) in the supra-
sylvian and infra-sylvian area were selected for candidates as
a recipient, and frontal branch and parietal branches of STA
were manipulated as a donor. Both anastomoses were per-
formed by 10-0 monofilament lines. Patency was evaluated
by indocyanine green fluorescence angiography and micro-
Doppler sonography intraoperatively. The amount of the flow
of STA was 52 ml/min (systemic blood pressure was 103/
52 mmHg) measured by electromagnetic blood flow meters.

Postoperative findings

Directly after the operation, XeCTwas performed under seda-
tion to evaluate hyperperfusion. Focal hyperperfusion areas
were observed where bypass was conducted; however, the
postoperative course was uneventful. The patient experienced
no delirium, seizure, headache, and new neurological deficit.
MRI showed no ischemic lesion at 5 days and 7 months after
the operation. STA seemed to develop and expand in the
7 months by MRA. Selective right external carotid angiogra-
phy revealed much blood supply to the right MCA area via
right STA (Fig. 3).

Discussions

Most pediatric moyamoya disease patients develop ischemic
symptoms including transient ischemic attack (TIA) and cere-
bral infarctions. Guidelines for Diagnosis and Treatment for
MoyamoyaDiseasementions that surgical revascularization is
effective for moyamoya disease manifesting as cerebral ische-
mic symptoms (recommendation grade B) [2]. In the guide-
lines, headache is not categorized as one of the ischemic
symptoms [2]. Treatment of headache of moyamoya disease
patients have not been established [11]. However, severe
headache is related to cerebral ischemia with disturbed cere-
brovascular reactivity and may be treated by bypass therapy
[8, 11]. Seol et al. mentioned that headaches can persist or
develop after indirect bypass surgery despite successful pre-
vention of cerebral ischemia [16], so direct and/or combined
bypass surgery will be more beneficial for reducing of head-
ache in moyamoya disease [8, 11]. Taking causes of childhood
headache into cosideration, migraine is to be listed as one of

Fig. 1 Preoperative right carotid
angiograms demonstrating a
development of moyamoya
vessels at the top of IC terminal,
and MCA is dilated. Left:
anteroposterior view, right: lateral
view
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the common differential diagnoses. On the one hand, children
with moyamoya disease clinically complain of morning head-
ache in the frontal or temporal region [8], but on the other
hand, headache caused by migaine is aggravated by routine
physical activity [13]. Clinically, it is difficult to distinguish
between those vascular headaches. In addition, acute sinusitis,
intracranial infection, trauma, and intracranial tumor should
be generally considered for differential diagnoses of pediatric
headache, but our present case had no evidence of infection
and intracranial lesions.

Essentially, internal carotid arteries of moyamoya disease
cause progressive stenosis [17]. Progression to bilateral le-
sions from unilateral moyamoya disease is known to occur
in 25 to 58.8 % of pediatric patients [5, 14] and leads to more
frequent ischemic attacks compared with non-progressed pa-
tient [9]. Family history of moyamoya disease is associated to
progression from unilateral to bilateral disease [14]. Unilateral
cases show earlier angiographical stage compared with bilat-
eral cases [3], so close and careful follow-up would be essen-
tial. However, wait-and-see strategy is controversial. It may be
harmful to wait and see for the occurrence of ischemic attack
because of lack of knowledge which demonstrates that symp-
toms arise from TIA or permanent ischemia. Once cortical

infarctions occur in pediatric moyamoya patients, various
functions such as activities of daily living (ADL) and long-
term prognosis of higher brain functions are diminished [1, 7,
15, 19, 20]. Imaizumi et al. refered that the intelligence quo-
tient (IQ) begins to decrease after the onset of symptoms in
pediatric moyamoya patients [6]. Everyone will hope to treat
patients before the onset of infarctions. Typically, the sooner
surgical intervention is performed, the better the clinical out-
come. On the other hand, excellent patency after bypass surgery
may not be promised if there is less demand in donors. STAs as
a donor for bypass surgery develop in some cases after surgery
in one month in accordance with the demand of less cortical
perfusion pressure of recipient, [4] but some cases do not, mak-
ing it difficult to distinguish the boundary line before surgery.

Because revascularization surgery improves the cerebral
hemodynamics and metabolism [12, 16], preoperative evalu-
ation by positron emission tomography (PET), XeCT, and
single photon emission computed tomography (SPECT) also
forms the basis of decision of surgical indication [2]. Guide-
lines recommend that evaluation of the cerebral hemodynam-
ics by SPECT and PET is useful for diagnosis and assessment
of the severity of cerebral ischemia in patients with ischemic-
type moyamoya disease (recommendation grade B) [2]. It is

Fig. 2 Preoperative xenon CT
showing no laterality in rest status
(a), and cerebrovascular reactivity
of right MCA area is 14.8 % after
diamox injection (b)
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widely accepted to treat patients where CBF diminishes with
demonstrative perfusion; however, the main issue is indication
for patients with no CBF degeneration.

Our present case was also difficult to evaluate before sur-
gery as consideration on whether bypass patency would de-
velop after surgery because the stage of moyamoya disease
was not progressive (Suzuki stage II) and that no laterality of
CBF was observed, and there was no obvious avascular area
angiographically. In addition, the symptom was only severe
headache. However, we regard headache as one of the ische-
mic signs even if CBF is not diminished by perfusion modal-
ities such as PET, XeCT, and SECT. Our strategy for pediatric
patients with moyamoya disease complaining of headache is

to perform surgical intervention in the same way as TIAs [11]
to prevent further ischemia.

Particularly for pediatric moyamoya patients, we also need
to consider the intellectual and executive function. Children
with moyamoya disease typically score significantly low in
intelligence and executive functioning [19, 20]. Although the
influence against intellectual and executive problems by sur-
gical revascularization for pediatric moyamoya patients is not
sufficiently elucidated [19], there are literatures that recom-
mend early revascularization procedures to improve the CBF
[7] and intellectual outcome [10] because the IQ begins to
decrease after the onset of symptoms [8, 11, 16, 18]. From
these points of view, early surgery should be indicated

Fig. 3 Postoperative right carotid
angiograms demonstrating bypass
flow via the right external cerebral
arteries supplying to the less
perfusion area by MCA and
ACA. Anteroposterior view (a)
and lateral view (b) of right
internal carotid artery.
Anteroposterior view (c) and
lateral view (d) of the right
external carotid artery
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especially in pediatric patients because headache may be one
of the ischemic symptoms. Besides, frequent MR follow-up
does not always promise the detection of advanced disease
stage before irreversible brain and intellectual damage [8, 19].

The largest limitation is that this is only one single case
report, and accumulation of the similar cases will be needed.

Conclusions

STA-MCA bypass surgery was effective for the 10-year-old
pediatric moyamoya disease patient with severe headache as a
symptom, even though her Suzuki stage was II, and CBF
study revealed no degeneration. This result shows early sur-
gical treatment may be beneficial for early-staged pediatric
moyamoya disease in particular where patients have ischemic
symptoms including headache by improving perfusion pres-
sure and cerebral circulation.
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