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Abstract
Object Surgical revascularization for moyamoya disease
prevents cerebral ischemic attacks by improving cerebral
blood flow (CBF). It is undetermined, however, how rapid
increase in CBF affects ischemic brain at acute stage,
especially in children.
Case report A 4-year-old girl with moyamoya disease
underwent right superficial temporal artery–middle cerebral
artery (STA–MCA) anastomosis. She suffered temporary
left facial palsy 5 days after surgery. Postoperative N-
isopropyl-p-[123I]iodoamphetamine single-photon emission
computed tomography (123I-IMP-SPECT) revealed focal
intense increase in CBF at the sites of anastomosis.
Magnetic resonance imaging/angiography showed the appar-
ently patent STA–MCA anastomosis as a thick high signal
without ischemic changes. Her symptom improved 9 days
after surgery, and single-photon emission computed tomogra-
phy (SPECT) 2 months later showed normalization of CBF.
Surgical revascularization completely relieved the transient
ischemic attack on her left hand that was seen before surgery.
Conclusion We demonstrated, for the first time, that
delayed focal neurological deficit after STA–MCA anasto-

mosis can be caused by focal hyperperfusion in childhood
moyamoya disease.
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Introduction

Moyamoya disease is a chronic, occlusive cerebrovascular
disease with unknown etiology characterized by bilateral
steno-occlusive changes at the terminal portion of the
internal carotid artery and an abnormal vascular network
at the base of the brain [19]. Surgical revascularization for
moyamoya disease is believed to prevent cerebral ischemic
attacks by improving cerebral blood flow (CBF), and
superficial temporal artery–middle cerebral artery (STA–
MCA) anastomosis with or without indirect bypass is
generally employed as the standard surgical treatment for
moyamoya disease [6, 8, 16].

Cerebrovascular reconstruction surgery including carotid
endarterectomy or STA–MCA anastomosis in patients with
atherosclerotic cerebral steno-occlusive diseases can cause
a rapid increase in CBF in the chronic ischemic brain,
resulting in complications such as ‘cerebral hyperperfusion
syndrome.’ ‘Cerebral hyperperfusion syndrome’ is charac-
terized by unilateral headache, face and eye pain, seizures,
and focal symptoms that occur secondary to cerebral edema
or intracerebral hemorrhage [14, 17, 18]. Due to the
relatively low flow revascularization obtained by surgery
for moyamoya disease, postoperative hyperperfusion syn-
drome has been considered to be less common in this entity,
except for limited reports [4, 12], compared to perioperative
transient ischemic attack [5, 7, 15]. However, the exact
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effect of STA–MCA anastomosis on ischemic brain of
moyamoya disease at the acute stage is undetermined due
to the lack of comprehensive CBF study immediately after
revascularization for this entity.

To clarify this critical issue, we prospectively performed
both N-isopropyl-p-[123I] iodoamphetamine single-photon
emission computed tomography (123I-IMP-SPECT) and
magnetic resonance (MR) imaging within 1 week after
surgery during the past 2 years [3]. Among the 78
consecutive surgeries, we had an experience of a 4-year-old
girl manifesting delayed transient facial palsy due to hyper-
perfusion 5 to 9 days after single STA–MCA anastomosis.
Anatomical location and temporal profile of hyperperfusion
were completely in accordance with her symptom. The
reversibility of both her symptom and the SPECT finding
further convinced the central role of hyperperfusion in her
postoperative neurological deterioration.

Case material

A 4-year-old girl with moyamoya disease presented with
transient ischemic attach on her left hand. MR imaging and
MR angiography demonstrated steno-occlusive changes at the
terminal portions of the bilateral internal carotid arteries and
the presence of abnormal network-like vessels at the bilateral
basal ganglia, which satisfied the diagnostic criteria for
moyamoya disease [19] according to the criteria of the

Research Committee on Spontaneous Occlusion of the Circle
of Willis of the Ministry of Health, Labor, and Welfare,
Japan. Single STA–MCA anastomosis with encephalo-duro-
myo-synangiosis (EDMS) and dural pedicle insertion [16, 21]
were performed on the right. After exploring the parietal
branch of the left STA, fronto-temporo-parietal craniotomy
was performed. The recipient artery at the M4 segment of the
MCA was then explored and anastomosis was performed
between the stump of the STA (0.8 mm in diameter) and the
proximal portion of the M4 segment (0.8 mm in diameter)
that supplied the fronto-parietal lobe. Then EDMS and dural
pedicle insertion were performed. She showed no neurolog-
ical deficit immediately after surgery. The 123I-IMP-SPECT
1 day after surgery showed no apparent change in CBF at the
site of anastomosis (Fig. 1b) compared to the preoperative
findings (Fig. 1a). Postoperative diffusion-weighted MR
imaging 2 days after surgery showed no evidence of ischemic
change (Fig. 2a). MR angiography showed the apparently
patent STA–MCA bypass (Fig. 2c, arrow). She suffered left
facial palsy and numbness on her left hand 5 days after
surgery. The SPECT 7 days after surgery showed focal
intense increase in CBF at the sites of anastomosis (Fig. 1c).
MR imaging showed no ischemic changes, and MR
angiography showed the thick high signal of STA (Fig. 2d,
arrow) compared to that seen 2 days after surgery (Fig. 2c).
We suspected the involvement of hyperperfusion in her
neurological deterioration, and we kept her under intensive
blood pressure control with the intravenous administration of

Fig. 1 123I-IMP-SPECT scans before surgery (a) and 1 (b), 7 (c), and
63 days (d) after right STA–MCA anastomosis. The focal intense
increase in CBF at the site of anastomosis (arrows in c) was evident
7 days after surgery, when the patient suffered left facial palsy. Two

months later, normalization of CBF at the territory of the right MCA
was evident (d) in accordance with the recovery of her neurological
deficit
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free radical scavenger. Her facial palsy and numbness
recovered completely 9 days after surgery. She was dis-
charged without neurological deficit 11 days after surgery.
One month later, she underwent surgical revascularization on
the left side and was discharged without neurological deficit
after an uneventful course. The SPECT performed 63 days
after initial surgery showed normalization of CBF at the
territory of the right middle cerebral artery (Fig. 1d). Surgical
revascularization completely relieved her transient ischemic
attack that was seen before surgery.

Discussion

Postoperative hyperperfusion syndrome has been consid-
ered to be less common in patients with moyamoya disease
[5, 7, 15] due to the relatively low flow revascularization
obtained by surgery for moyamoya disease. Furthermore, it
was totally unclear how the rapid increase in CBF affects
ischemic brain in childhood moyamoya disease, although
substantial number of children with moyamoya disease, as
much as 59.3% of patients with STA–MCA anastomosis,
were reported to suffer transient neurological deterioration
due to unknown mechanism [20]. We demonstrate, for the
first time, a 4-year-old girl manifesting delayed transient
facial palsy due to hyperperfusion 5 to 9 days after single
STA–MCA anastomosis. Anatomical location and temporal

profile of hyperperfusion, as shown by time sequential
SPECT after surgery, were completely in accordance with
her postoperative course. The reversibility of both her
symptom and the SPECT finding further convinced the
central role of hyperperfusion in her postoperative neuro-
logical deterioration.

The clinical manifestation due to hyperperfusion in our case
was distinct from the ‘cerebral hyperperfusion syndrome’ seen
after carotid endarterectomy or STA–MCA anastomosis for
atherosclerotic cerebral occlusive disease, which is character-
ized by unilateral headache, face and eye pain, seizures, and
focal symptoms secondary to cerebral edema or intracerebral
hemorrhage [14, 17, 18]. The clinical presentation of our case
was characterized by simple focal neurological deficit without
headache and seizure. Also in adult patients with moyamoya
disease, we observed similar transient neurological deficit
without headache due to postoperative focal hyperperfusion
in our same series [3].

The underlying mechanism of such specific manifestations
of hyperperfusion in patients with moyamoya disease remains
undetermined. Certain specific biological conditions, such as
differences in reactive oxygen species (ROS) production after
vascular reconstruction, vulnerability to ROS, and the expres-
sion of antioxidant enzymes in the chronic ischemic cortex
may be involved in these intrinsic responses to vascular
reconstruction against chronic ischemic brain in moyamoya
disease because ROS has been implicated in cerebral ischemia/

Fig. 2 Postoperative diffusion-weighted magnetic resonance images
2 days after surgery showing no evidence of ischemic change (a).
Magnetic resonance angiogram before (b) and after surgery (c, d).
Magnetic resonance angiogram 2 days after surgery showing the

apparently patent STA–MCA bypass (arrow in c). Signal intensity of
the STA–MCA bypass became more prominent 9 days after surgery
(arrow in d)
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reperfusion injury [1, 2]. Antioxidant agent is reported to
prevent hyperperfusion syndrome after carotid endarterectomy
in patients with atherosclerotic occlusive disease and markedly
affected cerebrovascular reserve capacity [11]. Therefore, we
treated her with edaravone, a novel free radical scavenger, to
ameliorate the unfavorable effects of hyperperfusion on the
affected brain.

Long-term follow-up of the neurological function in-
cluding cognitive functions and the histological changes in
the affected brain is needed because exposure to sublethal
levels of ROS can affect organelles, and thus lead to
delayed neuronal damage by apoptosis [2]. Postoperative
cerebral hyperperfusion may be associated with impairment
of cognitive function in patients undergoing carotid
endarterectomy [13]. These characteristics of moyamoya
disease remain to be elucidated. Identification of the
predictors for cerebral hyperperfusion in patients with
moyamoya disease is clinically important. Preoperative
cerebrovascular reserve capacity [10], intraoperative ische-
mic period [9], difference in vascular anatomy, and patient
age may affect postoperative cerebral hyperperfusion.
Investigation of a larger number of patients is required.

Conclusion

We demonstrated, for the first time, that transient focal
neurological deficit after STA–MCA anastomosis can be
caused by focal hyperperfusion in a child with moyamoya
disease. Routine CBF measurement by SPECT is recom-
mended for the differential diagnosis between hyperperfu-
sion and transient ischemic attack because the treatments
for these conditions are contradictory.
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