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2008 and 2010 (period 2), all 43 patients were prospective-
ly subjected to intensive blood pressure lowering ( ! 130 
mm Hg of systolic blood pressure) immediately after 59 op-
erations. Then the incidence of symptomatic cerebral hyper-
perfusion was compared between the two groups.  Results:  
Systolic blood pressure the day after surgery was significant-
ly lower in period 2 (mean, 120.9 mm Hg) than in period 1 
(133.9 mm Hg) (p  !  0.0001). Symptomatic cerebral hyperper-
fusion was seen in 22 patients during period 1 (23 hemi-
spheres, 24.7%), but only in 4 patients during period 2 (6.7%, 
p = 0.0047). Multivariate analysis revealed that prophylactic 
blood pressure lowering was significantly associated with 
the prevention of symptomatic cerebral hyperperfusion (p = 
0.015). Symptomatic cerebral hyperperfusion was relieved in 
all patients without developing a permanent neurological 
deficit due to cerebral hyperperfusion.  Conclusion:  Prophy-
lactic blood pressure lowering prevents symptomatic cere-
bral hyperperfusion after STA-MCA anastomosis in patients 
with moyamoya disease. Accurate diagnosis of cerebral hy-
perperfusion and blood pressure lowering, and considering 
the severity of hemodynamic compromise in the contralat-
eral and/or remote areas are essential for postoperative 
management of moyamoya disease. 
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 Abstract 

  Background:  Cerebral hyperperfusion is a potential compli-
cation of superficial temporal artery-middle cerebral artery 
(STA-MCA) anastomosis for moyamoya disease, but the op-
timal postoperative management has not been determined. 
Aggressive blood pressure lowering is controversial because 
of the risk of ischemic complications.  Objective:  To establish 
the optimal postoperative management protocol to prevent 
symptomatic cerebral hyperperfusion in moyamoya dis-
ease.  Methods:  N-isopropyl- p- [ 123 I]-iodoamphetamine sin-
gle-photon emission computed tomography was performed 
1 and 7 days after STA-MCA anastomosis on 152 hemispheres 
from 108 consecutive patients with moyamoya disease (2–
69, mean 33.3 years). Between 2004 and 2007 (period 1), 65 
patients were maintained under normotensive conditions 
after 93 operations, and only patients with cerebral hyper-
perfusion underwent blood pressure lowering. Between 
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 Introduction 

 Moyamoya disease is a chronic, occlusive cerebrovas-
cular disease of unknown etiology, characterized by bi-
lateral steno-occlusive changes at the terminal portion of 
the internal carotid artery and an abnormal vascular net-
work at the base of the brain  [1] . Extracranial-intracrani-
al (EC-IC) bypass such as superficial temporal artery-
middle cerebral artery (STA-MCA) anastomosis is gener-
ally employed as the standard surgical treatment for 
moyamoya disease to prevent cerebral ischemic attacks 
 [2–6] . Despite the favorable long-term outcome of STA-
MCA anastomosis for moyamoya disease  [4–6] , increas-
ing evidence suggests that cerebral hyperperfusion syn-
drome, as has been well described in patients undergoing 
carotid endarterectomy (CEA)  [7–9] , is a potential com-
plication of EC-IC bypass, especially for moyamoya dis-
ease. Focal cerebral hyperperfusion was reported to cause 
transient neurological deterioration  [3, 10–16]  or delayed 
intracerebral hemorrhage (ICH)  [17]  during the acute 
stage after EC-IC bypass for moyamoya disease. Patients 
with moyamoya disease have a significantly higher risk 
for cerebral hyperperfusion syndrome than those with 
other occlusive cerebrovascular diseases based on routine 
postoperative cerebral blood flow (CBF) measurements 
using N-isopropyl- p -[ 123 I]-iodoamphetamine single-
photon emission computed tomography ( 123 I-IMP-
SPECT)  [18] .

  The optimal postoperative management for avoiding 
the hyperperfusion syndrome has not yet been deter-
mined. Blood pressure lowering in patients with the hy-
perperfusion phenomenon is an effective treatment after 
revascularization surgery for moyamoya disease  [3, 18] , 
but aggressive blood pressure lowering to systolic blood 
pressure  ! 120 mm Hg in all patients could be controver-
sial because of the risk of perioperative ischemic compli-
cations in the contralateral hemisphere  [19]  and/or remote 
areas with hemodynamic compromise. To address this is-
sue, we prospectively performed prophylactic blood pres-
sure lowering applying a standardized management pro-
tocol for consecutive patients with moyamoya disease 
who underwent direct revascularization surgery with 
routine postoperative CBF measurement starting in 2008 
 [20] . We then compared the incidence of symptomatic ce-
rebral hyperperfusion between this series and consecutive 
surgical patients operated on between 2004 and 2007 who 
had been treated under normotensive conditions after 
EC-IC bypass  [3, 10] , in order to establish the optimal 
postoperative management protocol for preventing symp-
tomatic cerebral hyperperfusion in moyamoya disease.

  Methods 

 Inclusion Criteria of Patients 
 Postoperative changes in CBF and clinical course were inves-

tigated in 108 consecutive patients with moyamoya disease (male/
female = 30/78; 2–69 years old, mean 33.3 years) surgically treated 
in 152 hemispheres by the same surgeon (M.F.) between March 
2004 and December 2010. Inclusion criteria of this study, corre-
sponding to our surgical indications for STA-MCA anastomosis, 
included all of the following items: the presence of ischemic symp-
toms (minor completed stroke and/or transient ischemic attack, 
TIA), apparent hemodynamic compromise on SPECT as defined 
below, independent activity of daily living (modified Rankin scale 
scores 0–2) and absence of major cerebral infarction exceeding 
the vascular territory of one major branch of the MCA. All hemi-
spheres that did not match these criteria were excluded from sur-
gery, except for 3 hemispheres from 2 patients with a history of 
hemorrhage who were enrolled to the Japan Adult Moyamoya tri-
al  [21]  and were randomly allocated to the surgically treated 
group. Besides these 2 patients participating in the Japan Adult 
Moyamoya trial, the present study included 8 patients with a his-
tory of hemorrhage; 10 hemispheres were operated on. All 8 pa-
tients simultaneously suffered from TIAs or cerebral infarction in 
the affected hemispheres before surgery, which matched our sur-
gical indication.

  Preoperative CBF was quantified by the autoradiographic 
method in most cases, and the CBF in each subregion was auto-
matically calculated by 3D SRT (three-dimensional stereotactic 
region of interest template) software (version 2) provided by Dai-
ichi Radio-Isotope (Tokyo, Japan) using  123 I-IMP-SPECT  [3, 10] . 
The cerebral perfusion reserve capacity was quantified by the ad-
ministration of acetazolamide. When the CBF at rest is  ! 80% of 
normal CBF (about 42 ml/100 g/min) and/or reactivity to acet-
azolamide is  ! 10%, we regard the CBF state as hemodynamic 
compromise. In pediatric patients with crescendo TIAs or in pa-
tients under the age of 4 we did not perform a preoperative quan-
titative CBF study but only qualitative  123 I-IMP-SPECT without 
acetazolamide stress. One adult patient with progressing stroke 
underwent only qualitative  123 I-IMP-SPECT without acetazol-
amide stress before surgery.

  Once hemodynamic compromise was confirmed, the patients 
underwent revascularization surgery. All patients underwent 
STA-MCA (M4) anastomosis with encephaloduromyosynangio-
sis (EDMS)  [10] . Patients were maintained under normotension, 
normovolemia and normocapnia during surgery, which was per-
formed under intravenous anesthesia using propofol  [22] . Crani-
otomy was performed around the Sylvian fissure end, approxi-
mately 8 cm in diameter, and the stump of the STA was anasto-
mosed to the M4 segment of the MCA, which was followed by 
EDMS. To avoid postoperative compression of the brain surface 
by swollen temporal muscle used for EDMS  [23] , we drilled out 
the inner layer of the bone flap and made a relatively wide bone 
window at the site of EDMS graft insertion. All patients satisfied 
the diagnostic criteria of the Research Committee on Spontane-
ous Occlusion of the Circle of Willis of the Ministry of Health, 
Labor and Welfare, Japan  [24] , except for 5 patients with ‘prob-
able moyamoya disease’, who showed unilateral involvement. 
Eight adult patients had associated cerebrovascular diseases, in-
cluding 7 patients with atherosclerotic occlusive changes and 1 
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patient with a cavernous malformation with a developmental ve-
nous anomaly. All patients were closely followed in our institutes 
for more than 6 months, with a mean follow-up period of 53.4 
months.

  Postoperative CBF Measurement and Diagnosis of 
Hyperperfusion 
 CBF was routinely measured by  123 I-IMP-SPECT 1 and 7 days 

after surgery in all patients. A postoperative computed tomogra-
phy (CT) scan was routinely performed immediately after surgery 
and 1 day after surgery in all cases. 1.5- or 3-tesla magnetic reso-
nance imaging (MRI) and magnetic resonance angiography 
(MRA) were routinely performed within 2 days after surgery. 
MRI included diffusion-weighted images, T 2 -weighted images, 
and T 2  * -weighted images in all cases. Fluid-attenuated inversion 
recovery (FLAIR) was also performed in most cases. The diagnos-
tic criteria for symptomatic cerebral hyperperfusion included all 
of the following items  [3, 18] : (1) presence of a significant focal 
increase in CBF, which confined to the vascular territory of one 

major branch of the MCA at the site of the anastomosis that is re-
sponsible for the neurological signs, including focal neurological 
deficit and/or progressive/severe headache due to newly formed 
hemorrhagic changes; (2) apparent visualization of STA-MCA by-
pass by MRA and absence of any ischemic changes by diffusion-
weighted images, and (3) absence of other pathologies, such as 
compression of the brain surface by the temporal muscle inserted 
for indirect pial synangiosis, ischemic attack, venous infarction, 
interruption of transdural collaterals and CBF increase secondary 
to seizure. In addition to these items, blood pressure-dependent 
aggravation of the symptoms and/or amelioration of the symp-
toms by blood pressure lowering clinically confirmed the diagno-
sis of symptomatic hyperperfusion in all cases. In most patients 
with progressive/severe headache with hemorrhagic changes, 
manual compression of STA at the preauricular region attenuated 
the symptom.

  The occurrence of symptomatic cerebral hyperperfusion after 
revascularization surgery was evaluated by  123 I-IMP-SPECT in 
the acute stage. Mortality and morbidity due to cerebral hyper-
perfusion were also evaluated 3 months after revascularization 
surgery. We investigated the correlation between postoperative 
CBF changes and clinical presentation in both periods, and com-
pared the incidence of symptomatic cerebral hyperperfusion be-
tween the two groups.

  Postoperative Management in Two Distinct Periods 
 During the initial period from March 2004 to December 

2007 (period 1), 65 patients underwent STA-MCA anastomosis 
with EDMS in 93 hemispheres, and were maintained under nor-
motensive conditions ( ! 150–160 mm Hg systolic blood pres-
sure) after surgery ( table 1 ). If  123 I-IMP-SPECT suggested cere-
bral hyperperfusion on the day after surgery, the patients under-
went mild blood pressure lowering ( ! 140 mm Hg systolic blood 
pressure) to avoid the deleterious effects of cerebral hyperperfu-
sion while considering the risk of a contralateral ischemic com-
plication. Only patients who developed symptomatic hyperper-
fusion were subjected to intensive blood pressure lowering ( ! 130 
mm Hg systolic blood pressure). During period 2, between Janu-
ary 2008 and December 2010, 43 patients underwent STA-MCA 
anastomosis with EDMS in 59 hemispheres, and were prospec-
tively subjected to prophylactic intensive blood pressure lower-
ing ( ! 130 mm Hg systolic blood pressure) irrespective of pa-
tients’ age, using a 1–10 mg/h continuous intravenous drip infu-

Table 1.  Incidence of symptomatic cerebral hyperperfusion following EC-IC bypass in 152 hemispheres of 
moyamoya patients

Overall Period 1 Period 2 p value
(period 1 vs. 
period 2)

Symptomatic HP 17.8% (27/152) 24.7% (23/93) 6.7% (4/59) 0.0047*
Focal ND 15.1% (23/152) 21.5% (20/93) 5.0% (3/59) 0.0059*
Symptomatic SAH or ICH 2.6% (4/152) 3.2% (3/93) 1.7% (1/59) 0.57

H P = Hyperperfusion; ND = neurological deficit. * Statistically significant.

Day 0 STA MCA bypass (M4/single) + EDMS
sBP <130 mm Hg (prohylactic BP lowering)

POD1 IMP-SPECT (ARG) + MRI/MRA (1.5 T or 3 T)

POD7 IMP-SPECT (ARG) + MRI/MRA (1.5 T or 3 T)

HP(–)j–POD4 sBP <140–150 mm Hg
POD1 – anti-platelet agent

HP(+)j–POD4 sBP <120 (or 130) mm Hg
further BP lowering against HP

POD10–14 Discharge

  Fig. 1.  Summary of the perioperative management protocol in pe-
riod 2. Prophylactic blood pressure lowering was attempted start-
ing immediately after revascularization surgery. sBP = Systolic 
blood pressure; HP = hyperperfusion; POD = postoperative day; 
ARG = autoradiographic. 
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sion of nicardipine hydrochrolide, immediately after surgery in 
the operation room ( fig.  1 )  [20]  because most of the cases of 
symptomatic hyperperfusion in period 1 were resolved by blood 
pressure lowering  ! 130 mm Hg systolic blood pressure irrespec-
tive of the preoperative blood pressure. To avoid unfavorable ef-
fects of intensive blood pressure lowering on the contralateral 
hemisphere and/or ipsilateral remote areas, we routinely admin-
istered antiplatelet agents (100 mg aspirin/day, or 200 mg cilo-
stazol/day) starting on the day after surgery in period 2, in light 
of the observation that antiplatelet agents have preventive effects 
on ischemic stroke in moyamoya disease  [25]  and that abnormal 
thrombogenesis was found to be involved in the pathophysiol-
ogy of moyamoya disease in autopsy cases  [26] . Based on the 
temporal profile of  123 I-IMP-SPECT and MRI/MRA findings, 
we gradually allowed a return to normotensive conditions with-
in 7–10 days after surgery. If  123 I-IMP-SPECT 7 days after sur-
gery showed a mild increase in CBF in the entire MCA territory 
compared to the preoperative status, we considered that the hy-
perperfusion phenomenon was ameliorated, and allowed them 
to return to their baseline blood pressure level. If  123 I-IMP-
SPECT at 7 days still demonstrated a focal intense increase in 
CBF at the site of the anastomosis, we continued blood pressure 
control and repeated  123 I-IMP-SPECT several days later. The de-
tails of our management protocol in period 2 are summarized in 
 figure 1 .

  Statistical Analysis 
 The incidence of symptomatic cerebral hyperperfusion was 

compared between the two periods using the  �  2  test. Systolic 
blood pressure 1 day after surgery was compared between the two 
periods using Student’s t test. Patient ages were compared be-
tween the two periods using Student’s t test. Since age and history 
of ICH are known to be related to symptomatic cerebral hyper-
perfusion after STA-MCA anastomosis for moyamoya disease  [3] , 
multivariate statistical analysis of the factors related to the devel-
opment of symptomatic cerebral hyperperfusion, including man-
agement period (period 1 or period 2), age, sex, operated side, his-
tory of ICH, and systolic blood pressure (mm Hg) 1 day after sur-
gery was performed using a logistic regression model.

  Results 

 Overall Results during the Two Periods 
 Among the 108 consecutive patients with 152 operated 

hemispheres, 26 patients (27 hemispheres, 17.8% of 152 
operated hemispheres) demonstrated temporary neuro-
logical deterioration, including mild focal neurological 
signs, due to postoperative focal cerebral hyperperfusion 
between 2 and 14 days after surgery ( table 1 ). Postopera-
tive MRI did not show any ischemic changes in the 27 
hemispheres. Postoperative MRA demonstrated a thick 
high signal intensity of STA in the operated hemisphere 
in all 27 hemispheres. Postoperative SPECT demonstrat-
ed significant intense increases in CBF at the sites of anas-
tomosis in all 27 hemispheres. Twenty-two patients (23 

hemispheres, 15.1%) demonstrated transient focal neuro-
logical deficits due to focal hyperperfusion, starting be-
tween 2 and 9 days after surgery and persisting for sev-
eral days. In all cases, the symptoms fluctuated in a blood 
pressure-dependent manner, which further supported 
the diagnosis of symptomatic hyperperfusion. The ana-
tomical location and temporal profile of hyperperfusion 
were completely in accordance with the transient neuro-
logical signs in all 22 patients. The detail of the neuro-
logical signs after 23 operations was as follows; hemipa-
resis and/or facial palsy in 14, aphasia in 12, and sensory 
disturbance on the contralateral side of the operation in 
3 (some patients had multiple symptoms). Five patients 
demonstrated dysarthria in addition to the above-men-
tioned symptoms. One patient suffered from prolonged 
dysarthria and sensory disturbance, and ultimately de-
veloped simple partial seizures that were apparently sec-
ondary to hyperperfusion  [10] . None of the other 21 pa-
tients developed seizures during the postoperative peri-
od. Four patients (4 hemispheres, 2.6%) complained of 
progressive/severe headache and demonstrated cerebral 
hyperperfusion syndrome associated with subarachnoid 
hemorrhage (SAH) in 3 patients (2.0%) or with ICH at the 
right frontal sub-cortex in 1 patient (0.66%)  [17] . In all 3 
patients with progressive headache due to SAH, manual 
compression of STA at the preauricular region amelio-
rated the symptoms. The distribution of newly formed 
SAH or ICH, demonstrated by CT scan, was in accor-
dance with the site of the anastomosis in all 4 patients and 
such hemorrhagic changes were not evident immediately 
after surgery, thus we diagnosed them as having symp-
tomatic hemorrhage due to cerebral hyperperfusion. 
None of the patients demonstrated any permanent neu-
rological deficits due to cerebral hyperperfusion and no 
patients suffered from delayed neurological deterioration 
due to cerebral hyperperfusion during the follow-up pe-
riod.

  Among 108 consecutive patients with 152 operated 
hemispheres, there were no patients with perioperative 
cerebral infarction, except for the 4 patients as detailed 
below. Three patients in period 1 (2.0%) presented with 
pseudolaminar necrosis identified by MRI, probably due 
to the transient ischemia caused by a thrombotic event in 
the portion of the cerebral cortex supplied by the STA-
MCA bypass in the subacute stage which did not affect 
their long-term neurological status  [2] . One patient in pe-
riod 2 (1.7%) with ipsilateral preoperative posterior cere-
bral artery (PCA) stenosis and an atherosclerotic back-
ground presented with cerebral infarction 3 days after 
surgery in the ipsilateral occipital lobe during intensive 
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blood pressure control for symptomatic SAH due to hy-
perperfusion, indicating the potential risk for cerebral 
ischemia in the contralateral hemisphere and/or ipsilat-
eral remote area during blood pressure lowering. How-
ever, this did not affect her long-term activity of daily 
living. All patients with onset of TIA showed disappear-
ance or improvement of the ischemic attack during the 
follow-up period. One ischemic-onset patient (0.66%) 
treated during period 1 developed ICH of the ipsilateral 
thalamus 3 years after successful revascularization sur-
gery. Therefore, she showed deterioration of the modified 
Rankin scale score from 0 to 3 after the hemorrhage. Two 
patients in period 1, who presented with hemorrhage as 
their initial presentation, developed rebleeding (1.31%), 1 
from a contralateral ICH and one from SAH, but neither 
patient showed deterioration of their neurological status. 
On the postoperative MRA, the patency of the STA-MCA 

bypass was confirmed in all 108 patients in 152 operated 
hemispheres.

  Background and Incidence of Cerebral 
Hyperperfusion in Each Group 
 As shown in  tables 1  and  2 , the incidence of symptom-

atic cerebral hyperperfusion including mild focal neuro-
logical signs was significantly lower in period 2 under 
prophylactic blood pressure lowering (4/59; 6.7%) than in 
period 1 (23/93 hemispheres, 24.7%) (p = 0.0047). As for 
the clinical presentation of cerebral hyperperfusion in 
each period, transient focal neurologic signs were seen in 
19 patients in period 1 (20/93 hemispheres, 21.5%), but 
only in 3 period-2 patients (3/59; 5.0%, p = 0.0059) ( ta-
ble 1 ). Symptomatic hemorrhage due to cerebral hyper-
perfusion was found in 3 patients (3/93 hemispheres, 
3.2%) in period 1, and in 1 (1/59; 1.7%) in period 2, show-
ing no significant difference between the two periods 
(p = 0.57). Symptomatic cerebral hyperperfusion was re-
lieved in all patients, and none of the patients developed 
permanent neurological deficits due to hyperperfusion. 
Systolic blood pressure on the day after surgery was sig-
nificantly lower in period 2 (mean 120.9 mm Hg) than in 
period 1 (133.9 mm Hg) (p  !  0.00001). The average pa-
tient age was 33.2 years in period 1 and 33.4 in period 2, 
showing no significant difference between the two peri-
ods (p = 0.949) ( table 2 ). Of the 108 patients in both peri-
ods, patients with symptomatic hyperperfusion were sig-
nificantly older (mean 39.4 years) than those without 
symptomatic hyperperfusion (mean 31.9 years) (p = 
0.031). Multivariate analysis demonstrated that prophy-
lactic blood pressure lowering (period 2) was significant-
ly associated with prevention of symptomatic cerebral 
hyperperfusion (p = 0.006) as shown in  table 3 . Patient 
age was not found to be associated with symptomatic ce-
rebral hyperperfusion by multivariate analysis (p = 
0.050). There was no significant association between sex 
(p = 0.661), side of the operated hemisphere (0.480), past 
history of hemorrhage (0.268), and systolic blood pres-
sure 1 day after surgery (0.822) and the occurrence of 
symptomatic hyperperfusion ( table 3 ).

  Representative Case in Period 2 Suggesting a 
Potential Risk for Symptomatic Hyperperfusion in 
Asymptomatic Patients 
 A 57-year-old woman presented with minor complet-

ed stroke in the left hemisphere, and was found to have 
moyamoya disease. She was surgically treated in period 
2. Digital subtraction angiography demonstrated steno-
occlusive changes at the terminal portion of the bilateral 

Table 2.  Incidence of symptomatic cerebral hyperperfusion fol-
lowing EC-IC bypass

Period 1 Period 2

Hemispheres and patients, n 93 
      (65 patients)

59 
      (43 patients)

Age, years
Range
Mean

2–66
33.2

9–69
33.4

Sex, male/female 18/47 11/32
Symptomatic hyperperfusion 23 (24.7%) 4 (6.7%)*
Systolic blood pressure (POD1) 

mm Hg 133.9 120.9**

P OD1 = Postoperative day 1. * p = 0.0047, ** p < 0.00001, sig-
nificantly lower.

Table 3.  Multivariate analysis of symptomatic cerebral hyperper-
fusion in moyamoya disease

Odds ratio p value

Prophylactic BP lowering, period 2 2.158 0.0151

Age 0.971 0.050
Female sex 0.890 0.661
Hemisphere operated on, left 1.174 0.480
History of hemorrhage 0.674 0.268
Systolic BP, POD1 0.996 0.822

B P = Blood pressure; POD1 = postoperative day 1. 1 Significant 
association.
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internal carotid artery, and development of an abnormal 
vascular network at the base of the brain, predominant-
ly in the left hemisphere. Preoperative  123 I-IMP-SPECT 
1 month after the onset of stroke showed significant he-
modynamic compromise in the entire left hemisphere 
( fig.  2 a). She underwent STA-MCA anastomosis with 
EDMS in the left hemisphere 2 months after the onset of 
stroke. The recipient artery at the M4 segment of the 
frontal branch of the MCA was explored and anastomo-
sis was performed between the stump of the STA (1.0 
mm in diameter) and the M4 segment (1.0 mm in diam-
eter) that supplied the left premotor cortex. The tempo-
rary occlusion time was 20 min. The patient’s systolic 
blood pressure was strictly maintained at  ! 130 mm Hg 
starting immediately after surgery. The patient did not 
demonstrate any neurological signs after surgery.  123 I-
IMP-SPECT 1 day after surgery demonstrated a focal 
intense increase in CBF at the site of the anastomosis 
( fig. 2 b). The MRI performed 1 day after surgery did not 
show any evidence of ischemic change, and the MRA 
demonstrated thick high signal intensity of the STA 
( fig.  3 c). FLAIR imaging demonstrated asymptomatic 
SAH at the left Sylvian cistern extending to the left fron-
toparietal lobe sulcus ( fig. 3 a, b), which was consistent 
with the result of the CT scan 1 day after surgery, dem-
onstrating faint SAH which was not evident immedi-
ately after surgery. The patient did not show any sign of 
infection including postoperative meningitis. Based on 
these findings suggesting cerebral hyperperfusion, more 
intensive blood pressure lowering (systolic blood pres-
sure  ! 120 mm Hg) was performed. She did not develop 
any neurological deterioration or seizure nor did she 
complain of headache during the postoperative period. 
 123 I-IMP-SPECT obtained 7 days after surgery indicated 
amelioration of the focal hyperperfusion in the left 
hemisphere ( fig. 2 c), and FLAIR imaging showed a sig-
nificant decrease in asymptomatic SAH ( fig. 3 d, f). She 
was discharged without neurological deficit 14 days after 
surgery, and there were no cerebrovascular events dur-
ing the follow-up period.

  Discussion 

 In the present study, we prospectively introduced a 
standardized postoperative management protocol in-
cluding prophylactic intensive blood pressure lowering 
(systolic blood pressure  ! 130 mm Hg) immediately af-
ter STA-MCA anastomosis for moyamoya disease in or-
der to prevent a postoperative hyperperfusion syn-

drome. We demonstrated, for the first time, that 
prophylactic intensive blood pressure lowering signifi-
cantly ameliorates symptomatic cerebral hyperperfu-
sion after STA-MCA anastomosis for moyamoya dis-
ease. Accurate diagnosis by flow study and further 
blood pressure lowering in patients with cerebral hyper-
perfusion is essential to prevent cerebral hyperperfu-
sion including symptomatic hemorrhage, seizure and 
neurological deterioration.

  Higher Incidence of Symptomatic Cerebral 
Hyperperfusion following EC-IC Bypass for 
Moyamoya Disease 
 Symptomatic cerebral hyperperfusion following EC-

IC bypass for atherosclerotic occlusive cerebrovascular 
disease is relatively rare and generally manifests as a mild 
focal neurological deficit that resolves within 2 weeks  [27, 
28] . Heros et al.  [27]  were the first to report cerebral hy-
perperfusion in 5 patients with atherosclerotic ischemic 
disease who presented with temporary neurological de-
terioration after STA-MCA bypass surgery among 134 
patients (3.7%). The symptoms resolved in all 5 patients 
within 2 weeks after surgery. In a recent contribution, 
Yamaguchi et al.  [29]  reported a 6.0% (3/50) incidence of 

a

b

c

  Fig. 2.  Representative case in period 2: a 57-year-old woman with 
moyamoya disease presenting with minor stroke.  123 I-IMP-
SPECT before ( a ) and after ( b ,  c ) left STA-MCA anastomosis with 
pial synangiosis. Significant hemodynamic compromise in the 
left hemisphere was shown before surgery ( a ). Marked increase in 
CBF at the site of the anastomosis was evident (arrows in  b ) 1 day 
after surgery, and was ameliorated at 7 days after surgery ( c ). 
There was no difference in the CBF in the right hemisphere before 
( a ) and after surgery ( b ,  c ). 
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symptomatic cerebral hyperperfusion under strict blood 
pressure control and propofol sedation. Our most recent 
study using routine postoperative CBF measurements by 
 123 I-IMP-SPECT after STA-MCA (M4) anastomosis for 
moyamoya and non-moyamoya patients showed that 
none of the patients in the non-moyamoya group (0/28; 
0%) versus 25 patients (26/121 hemispheres, 21.5%) in the 
moyamoya group developed symptomatic cerebral hy-
perperfusion after STA-MCA anastomosis (p = 0.0069) 
 [18] . The incidence of symptomatic cerebral hyperperfu-
soin in patients with moyamoya disease has been sug-
gested to be as high as 16.7–28.1%  [3, 12, 16]  when mild 
focal neurological signs are included. In the present study, 
the incidence of symptomatic cerebral hyperperfusion 
was 24.7% (23/93 hemispheres) when the patients were 
managed under normotensive conditions and only pa-
tients demonstrating hyperperfusion on postoperative 
SPECT underwent blood pressure lowering (period 1), 
which is almost in agreement with the previous reports 
 [3, 12, 16] .

  Management of Cerebral Hyperperfusion after EC-IC 
Bypass 
 Since delayed ICH  [17]  and symptomatic SAH due to 

cerebral hyperperfusion after STA-MCA anastomosis 
 [18]  have been reported in patients with moyamoya dis-
ease, STA-MCA anastomosis, although it provides low 
flow revascularization, is considered to entail substantial 
risks of surgical morbidity due to hyperperfusion. Inten-
sive blood pressure lowering in patients with evidence of 
hyperperfusion on flow study, while considering the risk 

of ischemic complication on the contralateral and/or re-
mote areas with hemodynamic compromise, is generally 
accepted as the standard management of cerebral hyper-
perfusion after EC-IC bypassfor moyamoya disease  [3, 
10, 11, 18] . The intraoperative and/or postoperative use of 
free-radical scavengers could be an acceptable additional 
management to ameliorate secondary brain injury due to 
cerebral hyperperfusion as reported in patients undergo-
ing CEA  [30] . Regarding EC-IC bypass for atherosclerot-
ic occlusive cerebrovascular disease, Yamaguchi et al. 
 [29]  recently recommended continuous, strict blood pres-
sure control under continuous sedation immediately af-
ter surgery. In their study, all patients were managed in 
the intensive care unit under continuous propofol seda-
tion, based on the rationale that systemic blood pressure 
is more easily controlled and hyperperfusion more effec-
tively prevented under propofol sedation compared with 
wakefulness. But intensive blood pressure lowering for 
moyamoya patients has generally been controversial be-
cause of the risk of ischemic complications in the contra-
lateral and/or remote hemodynamically compromised 
areas  [19] , especially under continuous propofol sedation 
that precludes monitoring of the patient’s neurological 
status during hemodynamic changes. In the present 
study, we prospectively performed prophylactic blood 
pressure lowering in conscious patients immediately af-
ter revascularization surgery, which resulted in signifi-
cant amelioration of symptomatic cerebral hyperperfu-
sion compared to previous treatment under normoten-
sive conditions. However, even when applying the recent 
protocol of prophylactic blood pressure lowering, we ob-
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  Fig. 3.  Postoperative FLAIR by MRI 1(   a ,  b ) 
and 7 days ( d ,  e ) after surgery in a 57-year-
old woman, demonstrating asymptomatic 
SAH in the left Sylvian cistern extending 
to the ipsilateral fronto-temporal sulcus 
(arrowheads in  a ,  b ). SAH was decreased 7 
days after surgery ( d ,  f ). MRA 1 ( c ) and 7 
days ( f ) after STA-MCA anastomosis with 
pial synangiosis, demonstrating STA-
MCA bypass as a thick high signal sign (ar-
rows in  c ,  f ). 
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served symptomatic cerebral hyperperfusion in 4 pa-
tients (4/59 hemispheres, 6.7%) as well as 2 cases with 
asymptomatic hemorrhage including the representative 
case ( fig. 2 ,  3 ). Furthermore, 1 adult patient sustained a 
minor stroke in the ipsilateral occipital lobe, in the vas-
cular territory of the stenotic PCA revealed by the preop-
erative angiogram, during intensive blood pressure low-
ering for symptomatic cerebral hyperperfusion in period 
2, pointing to the potential risk of ischemic complications 
under intensive blood pressure lowering. In fact, Khan et 
al.  [19]  reported 1 adult patient with moyamoya disease 
who died after revascularization surgery due to a massive 
MCA infarct on the nonoperated side.

  Based on this finding, it is conceivable that patients 
with PCA stenosis, as observed in patients with advanced 
Suzuki’s angiographic staging (stage IV–), which is a sig-
nificant risk factor for recurrent stroke after surgery  [31] , 
could have a higher risk of ischemic complications during 
intensive blood pressure lowering because the PCA terri-
tory could not benefit from revascularization surgery in 
the acute stage. An additional strategy with more selec-
tive management that focuses on the molecular pathway 
underlying cerebral hyperperfusion is warranted to 
counteract this deleterious phenomenon.

  Mechanism of Cerebral Hyperperfusion and 
Feasibility of an Additional Strategy 
 The mechanism underlying the occurrence of the ce-

rebral hyperperfusion syndrome in moyamoya disease is 
undetermined, but could be explained as follows: firstly, 
in patients undergoing CEA or EC-IC bypass for athero-
sclerotic occlusive cerebrovascular disease, impaired 
cerebrovascular reactivity is reported to be a predictive 
factor of cerebral hyperperfusion  [29, 32] . Therefore, the 
presence of hemodynamic compromise, including de-
creased cerebrovascular reactivity, could definitively be a 
background of the risk for cerebral hyperperfusion in 
moyamoya disease. Secondly, the intrinsic vulnerability 
of the microvascular structure in moyamoya disease, 
such as medial thinness, abnormality of the internal elas-
tic lamina, and accumulation of necrotic cell components 
in the interstitium  [33, 34]  may facilitate the occurrence 
of hemorrhagic changes due to hyperperfusion. Thirdly, 
excessive production of reactive oxygen species during 
revascularization  [35]  and subsequent activation of in-
flammatory molecules such as vascular endothelial 
growth factor (VEGF)  [36, 37]  and matrix metallopro-
teinase (MMP)-9  [36, 38]  may affect vascular permeabil-
ity and thus result in transient neurological deterioration 
and/or hemorrhagic complications. In fact, VEGF  [36, 37]  

and MMP-9  [36, 38] , both of which play a potential role 
in increasing the permeability of the blood-brain barrier, 
is significantly increased in moyamoya patients com-
pared to healthy controls. These observations suggest 
that the increased expression of VEGF and MMP-9 in 
patients with moyamoya disease  [36–38]  may facilitate, at 
least in part, the occurrence of cerebral hyperperfusion 
in moyamoya disease. Based on these observations, the 
prophylactic blockade of VEGF and/or MMP-9 in pa-
tients with moyamoya disease could be an additional 
therapeutic approach to counteract postoperative cere-
bral hyperperfusion in moyamoya disease. Finally, we 
used nicardipine to lower postoperative blood pressure in 
period 2. Since nicardipine was reported to have a protec-
tive effect against cerebral ischemia  [39]  and hyperten-
sion-induced brain damage  [40] , we do not rule out the 
possibility that prophylactic use of nicardipine might 
have contributed in part to the prevention of symptom-
atic hyperperfusion in our study. Elucidation of the 
mechanism of cerebral hyperperfusion in moyamoya 
disease is necessary to develop a definitive perioperative 
management protocol to avoid surgical complications in-
cluding both cerebral hyperperfusion and cerebral isch-
emia.

  Limitation of the Present Study 
 Previous reports including our studies have indicated 

that symptomatic cerebral hyperperfusion is a potential 
complication of EC-IC bypass for moyamoya disease. 
However, except for the most recent study by Kawamata 
et al.  [41] , all the previous reports  [2, 3, 10–18]  lacked the 
quantitative definition of ‘hyperperfusion phenomenon’ 
in moyamoya disease. Our present study has a similar 
limitation, since we could not yet define the threshold of 
the ‘pathological increase in CBF after EC-IC bypass’ for 
moyamoya disease. The reason why it is difficult to pro-
pose a quantitative definition of the cerebral hyperperfu-
sion phenomenon after EC-IC bypass for moyamoya dis-
ease is as follows. Firstly, unlike the hyperperfusion syn-
drome after CEA  [7–9] , the increase in CBF is usually 
localized in a small area under the site of the anastomosis, 
thus the quantitative postoperative CBF value may total-
ly depend on the setting of the region of interest. Second-
ly, susceptibility to the ‘hyperperfusion phenomenon’ 
seems to vary from one moyamoya patient to another, 
and various biological factors other than cerebral hemo-
dynamics, such as intrinsic fragility of pial artery anato-
my  [33, 34] , development of leptomeningeal anastomosis, 
and/or increased expression of inflammatory molecules 
related to blood-brain barrier impermeability  [36–38] , 
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may strongly affect the clinical response in the presence 
of increased CBF immediately after surgery. Therefore, 
we speculate that patients with moyamoya disease could 
be symptomatic even with a CBF increase  ! 100% com-
pared to the preoperative value, unlike the definition of 
the hyperperfusion phenomenon after CEA  [7–9] . Quan-
titative evaluation of postoperative CBF after EC-IC by-
pass in consecutive cases with moyamoya disease is nec-
essary to answer this important question. Alternatively, 
further evaluation of cerebral metabolism by positron 
emission tomography and/or evaluation of the cortex 
with hyperperfusion by apparent diffusion coefficient 
images and MRI would be of great value to address this 
important issue.

  Conclusion 

 Prophylactic blood pressure lowering ameliorates 
symptomatic cerebral hyperperfusion after STA-MCA 
anastomosis in patients with moyamoya disease. Accu-
rate diagnosis of hyperperfusion and intensive blood 
pressure lowering while considering the severity of he-
modynamic compromise in the contralateral and/or re-
mote areas are essential for postoperative management of 
moyamoya disease.

  Disclosure Statement 

 None.
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