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Abstract

Cerebral hyperperfusion syndrome following arterial bypass surgery is known as a surgical complication 
of moyamoya disease (MMD). How cerebral hyperperfusion affects neural function and causes neurological 
deficits remains unknown. We report here a case with cerebral hyperperfusion syndrome after arterial  
bypass surgery for ischemic MMD. Chronological changes of brain perfusion and central benzodiazepine 
receptor biding potential were observed using single-photon emission computed tomography. A 20-year-old 
woman with ischemic MMD underwent arterial bypass surgery. Six days later, cerebral hyperperfusion 
syndrome developed. During this syndrome, contralateral-to-ipsilateral cerebellar asymmetry of blood 
flow and a decrease in central benzodiazepine receptor binding potential in the area with hyperperfusion 
were observed. Four months later, these two findings resolved and a neurological examination revealed 
no abnormal signs. Cerebral hyperperfusion after arterial bypass surgery for ischemic MMD may lead to 
transient, reversible reduction of cerebral metabolism and downregulation of cortical neurotransmitter 
receptor function, resulting in transient neurological deficits.
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above the metabolic demands of the brain tissue.4–6) 
Cerebral hyperperfusion syndrome is a complication 
of cerebral hyperperfusion, with an incidence of 
approximately 30% and with characteristic features 
including transient aphasia, hemiparesis, and dysar-
thria.4,7,8) However, how cerebral hyperperfusion affects 
neural function and causes neurological deficits 
remains unknown. Brain perfusion can be assessed 
using single-photon emission computed tomography 
(SPECT) with 123I-N-isopropyl-p-iodoamphetamine 
(123I-IMP)9). Central benzodiazepine receptors are 
widely and abundantly expressed in the cerebral 
cortex. Their distribution in the human brain can be 
visualized with SPECT using 123I-iomazenil, which 
binds to these receptors.10)

Here, we present a case involving a patient with 
cerebral hyperperfusion syndrome after arterial bypass 
surgery for ischemic MMD. The patient underwent 
brain perfusion and neurotransmitter receptor biding 
potential imaging using SPECT before surgery, during 

Case Report

Introduction

Moyamoya disease (MMD) is a chronic, occlusive 
cerebrovascular disease of unknown etiology char-
acterized by bilateral steno-occlusive changes in the 
terminal portion of the internal carotid artery (ICA) 
and an abnormal vascular network at the base of the 
brain.1,2) Revascularization surgery, such as superficial 
temporal artery (STA)-middle cerebral artery (MCA) 
anastomosis, is generally employed as the standard 
surgical treatment for MMD with the onset of ischemic 
symptoms.3) Cerebral hyperperfusion following arte-
rial bypass surgery is known as a surgical complica-
tion of MMD and is defined as an acute substantial 
increase in ipsilateral cerebral blood flow (CBF) well 
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hyperperfusion syndrome, and after resolution of 
this syndrome.

Case Presentation

A 20-year-old woman with a history of juvenile 
hypertension presented with recurrent transient 
ischemic attacks manifesting as right motor weakness 
during hyperventilation. At visiting our department, 
a neurological examination revealed no abnormal 
signs. Magnetic resonance imaging (MRI) of the 
head revealed bilateral steno-occlusive changes in 
the terminal portion of the ICA and multiple small 
signal voids in the bilateral basal ganglia without 
ischemic lesions in the whole brain. Cerebral angiog-
raphy through arterial catheterization showed MMD.

The patient underwent a single STA-MCA anas-
tomosis with indirect revascularization including 
encephalo-myosynangiosis and encephalo-duro-
arterio-synangiosis in the left fronto-temporal 
region. The M4 of the left MCA, that perfused the 
pre-motor area, was selected as a recipient artery. 
The postoperative course was uneventful until  
6 days after surgery when motor aphasia and 
right hemiparesis newly developed. MRI revealed 
no ischemic cerebral lesions and a patent bypass  
(Fig. 1). Systolic arterial blood pressure was inten-
sively controlled between 100 and 140 mmHg by 
intravenous antihypertensive drugs. The symptoms 
lasted for 10 days, and after that, gradually resolved. 
On the 4th postoperative month, a neurological 
examination revealed no abnormal signs and no 
further neurological deficits developed. MRI demon-
strated no ischemic cerebral lesions.

The institutional ethics committee at our institution 
reviewed and approved the below study protocol. 
The patient provided written informed consent 

prior to participation. Brain perfusion (Fig. 2) and 
central benzodiazepine receptor biding potential 
(Fig. 3) imaging were performed using SPECT with 
123I-IMP and 123I-iomazenil, respectively, in the 
same manner described previously.9,10) The former 
was performed 7 days before surgery, 8 days after 
surgery (2 days after development of postoperative 

Fig. 1  Diffusion-weighted magnetic resonance image 
at the day when motor aphasia and right hemiparesis 
newly developed shows no ischemic cerebral lesions 
(left). Magnetic resonance angiography performed 
simultaneously demonstrates a patent superficial temporal 
artery-middle cerebral artery anastomosis (right).

Fig. 2  Brain perfusion single-photon emission computed 
tomography (SPECT) images with 123I-N-isopropyl-p-
iodoamphetamine. At 7 days before surgery, blood flow 
is lower in the left cerebral hemisphere than in the right 
cerebral hemisphere (left). New neurological deficits, 
such as motor aphasia and right hemiparesis developed 
6 days after surgery. During development of these deficits  
(2 days after the onset), blood flow is prominently increased 
in the left pre-motor area and blood flow in the right 
cerebellar hemisphere is decreased relative to blood flow 
in the left cerebellar hemisphere (middle). On the 4th 
postoperative month when a neurological examination 
revealed no abnormal signs, increased blood flow in 
the left pre-motor area and contralateral-to-ipsilateral 
cerebellar asymmetry of blood flow disappear (right).

Fig. 3  Central benzodiazepine receptor biding potential 
SPECT images with 123I-iomazenil. At 5 days before 
surgery, central benzodiazepine receptor biding potential 
is slightly lower in the left cerebral hemisphere than in 
the right cerebral hemisphere (left). During development 
of new postoperative neurological deficits (4 days after 
the onset), central benzodiazepine receptor biding poten-
tial is prominently decreased in the left frontal lobe 
(middle). On the 4th postoperative month, the decrease 
in central benzodiazepine receptor biding potential in 
the left frontal lobe disappears (right).
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neurological deficits), and 4 months after surgery; 
the latter was performed 2 days after each brain 
perfusion SPECT imaging.

Preoperatively, CBF was lower in the left cerebral 
hemisphere than in the right cerebral hemisphere. 
Central benzodiazepine receptor biding potential was 
slightly lower in the left cerebral hemisphere than 
in the right cerebral hemisphere. During develop-
ment of postoperative neurological deficits, CBF was 
prominently increased in the left pre-motor area that 
the anastomosed STA perfused. In addition, CBF in 
the right cerebellar hemisphere was decreased when 
compared with CBF in the left cerebellar hemisphere. 
Central benzodiazepine receptor biding potential was 
prominently decreased in the left frontal lobe. On 
the 4th postoperative month, increased CBF in the 
left pre-motor area and contralateral-to-ipsilateral 
cerebellar asymmetry of CBF resolved. The decrease 
in central benzodiazepine receptor biding potential 
in the left frontal lobe also resolved. During the 
patient’s clinical course, electroencephalography 
was not performed.

Discussion

The present patient exhibited a prominent increase 
in CBF at the area that the anastomosed STA 
perfused during development of postoperative 
neurological deficits. Thus, this patient had 
cerebral hyperperfusion syndrome. Simultaneously, 
contralateral-to-ipsilateral cerebellar asymmetry 
of CBF was observed. This asymmetry may show 
crossed cerebellar hypoperfusion. Crossed cerebellar 
hypoperfusion is defined as a reduction in blood 
flow in the cerebellar hemisphere contralateral to a 
supratentorial lesion.11) The mechanism underlying 
this phenomenon reportedly consists of disrup-
tion of the corticopontocerebellar pathway that 
causes functional deafferentation and transneu-
ronal metabolic depression of the contralateral 
cerebellar hemisphere.12,13) In patients with carotid 
artery occlusive disease, contralateral-to-ipsilateral 
cerebellar asymmetry of CBF reflects cerebral oxygen 
metabolism in the affected cerebral hemisphere  
relative to that in the contralateral cerebral hemisphere.14) 
Thus, in the present patient, cerebral hyperperfusion 
may lead to reduction of cerebral metabolism, 
resulting in neurological deficits.

During development of postoperative neuro-
logical deficits, central benzodiazepine receptor 
biding potential was decreased in the area with 
hyperperfusion. These data suggested downregula-
tion of cortical neurotransmitter receptor function 
due to cerebral hyperperfusion, also resulting in 
neurological deficits. Thus, findings among brain 

perfusion, cortical neurotransmitter receptor func-
tion, and symptoms are consistent each other. 

After resolution of cerebral hyperperfusion syndrome, 
the contralateral-to-ipsilateral cerebellar asymmetry 
of CBF and the decrease in central benzodiazepine 
receptor biding potential in the affected hemisphere 
disappeared. These findings suggested that reduc-
tion of cerebral metabolism and downregulation of 
cortical neurotransmitter receptor function due to 
cerebral hyperperfusion is transient and reversible. 
The same findings including the symptoms were 
observed in a patient with nonconvulsive status 
epileptics,15) suggesting that the present patient 
may have experienced such a status. However, 
the pathogenesis could not be determined because 
electroencephalography was not performed during 
her clinical course.

Receptors for other neurotransmitters such as dopa-
mine and serotonin are distributed in the cerebral 
cortex, and their binding potentials are visualized 
using positron emission tomography.16,17) In the 
present case, crossed cerebellar hypoperfusion that 
suggests a reduction in metabolism in the affected 
cerebral hemisphere was observed during cerebral 
hyperperfusion syndrome. Thus, other neurotransmitter 
receptors may also be downregulated in a cortical 
region with hyperperfusion. Our 123I-iomazenil SPECT 
findings may indicate downregulation of cortical 
neurotransmitter receptor function as a representa-
tive feature, although functions of other cortical 
neurotransmitter receptors were not investigated. 
Furthermore, how cerebral hyperperfusion reduces 
cerebral metabolism and downregulates neurotrans-
mitter receptor function remains unresolved.

Using statistical imaging analysis for 123I-iomazenil 
SPECT, several investigators studied the relationship 
between cognitive function and central benzodi-
azepine receptor binding potential in the cerebral 
cortex in patients with adult MMD.18) This study 
demonstrated that long-standing mild hemodynamic 
ischemia in the anterior circulation leads to a 
decrease in central benzodiazepine receptor binding 
potential within the medial frontal lobes, causing 
cognitive decline.18) These findings suggested that 
123I-iomazenil SPECT shows irreversible cortical 
neuron loss as well as reversible downregulation 
of cortical neurotransmitter receptor function.18)

Conclusion

Cerebral hyperperfusion after arterial bypass surgery 
for ischemic MMD may lead to transient, reversible 
reduction of cerebral metabolism and downregulation 
of cortical neurotransmitter receptor function, 
resulting in transient neurological deficits.
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