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A mAjor characteristic of moyamoya disease is the 
chronic progression of stenosis in the terminal por-
tion of the internal carotid artery (ICA).24 The rate 

of this progression varies by patient. Angiographic pro-
gression can occur in one-half of pediatric patients and 

one-quarter of adult patients,19,21 while angiographic find-
ings in the remaining patients are stable for years. Some 
patients demonstrate extremely rapid progression from 
disease onset, resulting in poor outcome.4,17,18 Fujiwara et 
al. and Kim et al. reported similar cases in which rapid an-
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obJect Unstable moyamoya disease, reasonably defined as cases exhibiting either rapid disease progression or re-
peated ischemic stroke, represents a challenge in the treatment of moyamoya disease. Despite its overall efficacy, direct 
bypass for such unstable disease remains controversial in terms of safety. This study aims to reveal factors associated 
with unstable disease and to assess its impact on postoperative silent or symptomatic ischemic lesions.
methods This retrospective cohort study included both pediatric and adult patients with moyamoya disease who had 
undergone 140 consecutive direct bypass procedures at Kyoto University Hospital. “Unstable moyamoya disease” was 
defined as either the rapid progression of a steno-occlusive lesion or repeat ischemic stroke, either occurring within 6 
months of surgery. The extent of progression was determined through a comparison of the findings between 2 different 
MR angiography sessions performed before surgery. The clinical variables of the stable and unstable disease groups 
were compared, and the association between unstable disease and postoperative diffusion-weighted imaging (DWI)–de-
tected lesion was assessed through univariate and multivariate analyses with generalized estimating equations.
results Of 134 direct bypass procedures performed after patients had undergone at least 2 sessions of MR angi-
ography, 24 (17.9%) were classified as cases of unstable disease. Age younger than 3 years (p = 0.029), underlying 
disease causing moyamoya syndrome (p = 0.049), and radiographic evidence of infarction (p = 0.030) were identified as 
factors associated with unstable disease. Postoperative DWI-defined lesions were detected after 13 of 140 procedures 
(9.3%), although only 4 lesions (2.9%) could be classified as a permanent complication. The incidence of postoperative 
DWI-detected lesions in the unstable group was notable at 33.3% (8 of 24). Univariate analysis revealed that unstable 
disease (p < 0.001), underlying disease (p = 0.028), and recent stroke (p = 0.012) were factors associated with DWI-de-
tected lesions. Unstable disease remained statistically significant after adjustment for covariates in both the primary and 
sensitivity analyses (primary analysis: OR 6.62 [95% CI 1.79–24.5]; sensitivity analysis: OR 5.36 [95% CI 1.47–19.6]).
coNclusioNs Unstable moyamoya disease, more prevalent in younger patients and those with underlying disease, 
is a possible risk factor for perioperative ischemic complications. Recognition of unstable moyamoya disease may 
contribute to an improved surgical result through focused perioperative management based on appropriate surgical risk 
stratification.
http://thejns.org/doi/abs/10.3171/2014.10.JNS14231
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giographic progression resulted in fatal outcome.4,18 Kim 
et al. reported that younger patients were more likely to 
suffer from an aggressive clinical course, of whom a sub-
stantial number experienced repeat stroke.17

While the impact of such unstable disease on clinical 
outcome is receiving more focused attention, few studies 
have attempted to clearly define this condition. Accurate 
risk stratification in moyamoya disease requires objective 
definition of disease instability. According to the articles 
mentioned above,4,17,18 disease progression and repeat 
stroke are considered essential factors reflecting instabil-
ity of moyamoya disease. The concept of unstable moya-
moya disease defined as either rapid disease progression 
or repeat stroke seems reasonable, considering that unsta-
ble angina pectoris, the concept representing instability of 
angina pectoris, is also characterized as an exacerbating 
or recurrent symptom with rapid progression of stenosis in 
the coronary artery.1,23,27

Treatment of unstable moyamoya disease is challeng-
ing because patients with the disease commonly develop 
stroke during the perioperative period or even while await-
ing surgery.7,17 Direct bypass, such as superficial temporal 
artery–to–middle cerebral artery (STA-MCA) bypass, has 
the advantage of contributing to increased cerebral blood 
flow soon after surgery.10 The safety and efficacy of direct 
bypass for unstable disease are, however, controversial.7,17

This retrospective cohort study had 2 objectives: to de-
tect clinical factors associated with unstable moyamoya 
disease and to determine whether the presence of such 
instability is associated with postoperative silent or symp-
tomatic ischemic lesions detected on diffusion-weighted 
imaging (DWI).

methods
This study was approved by the ethics committee of the 

Kyoto University Graduate School of Medicine.

selection criteria
A total of 88 pediatric and adult patients with moya-

moya disease underwent 148 revascularization surgeries 
at Kyoto University Hospital between 2009 and 2013. The 
inclusion criteria for the present study were as follows: 
diagnosis of moyamoya disease or moyamoya syndrome; 
patients who underwent direct revascularization at Kyoto 
University Hospital in 2009 or thereafter; and patients 
who underwent routine postoperative DWI no longer than 
14 days after surgery.

Diagnoses were made according to the criteria pro-
posed by the Research Committee on Moyamoya Disease 
in Japan.24 “Moyamoya syndrome” is defined as a sec-
ondary moyamoya phenomenon caused by an underlying 
disease such as an autoimmune disease, meningitis, brain 
tumor, hyperthyroidism, Down syndrome, neurofibroma-
tosis Type 1, or a history of head irradiation.24 The pres-
ent study also included unilateral disease in which only 1 
side of the ICA was involved. “Direct bypass” was defined 
as a direct anastomotic procedure including STA-MCA, 
STA–anterior cerebral artery (ACA), and occipital artery–
posterior cerebral artery (PCA) bypasses.

Of the 148 consecutive revascularization procedures, 3 

were excluded because they involved only indirect bypass 
in the ACA territory. Although postoperative MRI with 
DWI was mandatory in our treatment protocol, postop-
erative DWI was not performed after 5 procedures (these 
cases were excluded from the study) because a postopera-
tive MRI scan was performed but no DWI was acquired 
(4 procedures), and because no MRI was performed since 
the patient sought early discharge (1 procedure). None of 
these 5 patients presented with a new neurological deficit 
after surgery. Consequently, 140 procedures conducted in 
86 patients were included in the present study (Fig. 1).

variables
Unstable moyamoya disease, a primary variable of 

interest, was defined as a condition with evidence of ei-
ther rapid stenosis progression or repeated stroke. “Rap-
id stenosis progression” was defined as progression of a 
steno-occlusive lesion in an ICA, ACA, MCA, or PCA 
that had occurred within 6 months (Fig. 2). Whether the 
progression had occurred was determined using an MR 
angiography (MRA) scoring system,8 and the scores were 
compared between 2 different sessions performed before 
surgery. Almost all patients referred to our institution had 
already undergone MRA, the results of which could be 
used as control imaging. If only 1 imaging session had 
been performed before surgery, or if the interval between 
the 2 sessions was less than 2 weeks, the data were elimi-
nated from further analysis. Decreased antegrade flow due 
to bypass in the ipsilateral MCA territory was not regard-
ed as stenosis progression. “Repeat stroke” was defined 
as newly developed symptomatic infarctions confirmed on 
DWI and occurring at least twice during an interval not 
exceeding 6 months.

The other variables possibly affecting surgical outcome 
were identified from previous literature: age younger than 
3 years,16 female sex,15 presence of underlying disease 
causing moyamoya syndrome,6,22 transient ischemic at-
tacks (TIAs) occurring at a frequency exceeding 3 times 
per month,16 radiographic evidence of preexisting infarc-

Fig. 1. Flowchart for patient inclusion.
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tion,9,16,25 recent stroke occurring no more than 6 weeks 
before surgery or evidence of recent stroke on preoperative 
DWI,9,16 advanced stage moyamoya (Suzuki Stages IV, V, 
and VI) in the ICA,11 and disease involvement in the PCA.11 
“Unilateral disease” was defined as unilateral stenosis or 
occlusion of the terminal portion of the ICA with the for-
mation of moyamoya vessels accompanied by no lesion or 
a subtle lesion around the contralateral terminal portion of 
the ICA. “Severe hemodynamic compromise” was defined 
as a defect in the cerebral blood flow both at rest and after 
acetazolamide challenge revealed on SPECT. Administra-
tion of antiplatelet agents was also recorded.

surgery
All patients underwent MRI, SPECT, and angiography 

before surgery. Surgical revascularization was indicated 
for patients with cerebral ischemic manifestation. Patients 
presenting with other symptoms, such as epilepsy and in-
tracranial hemorrhage, were also considered candidates 
for surgical revascularization as long as hemodynamic 
compromise existed. All patients underwent direct bypass, 
STA-MCA anastomosis, or combined bypass comprising 
STA-MCA anastomosis and encephalo-myo-synangiosis 
as a first-line treatment.13 After completing 2 sessions of 
revascularization for the MCA territories, some patients 
required additional revascularization surgeries for the 
ACA and PCA territories. Our surgical procedures and 
treatment protocol are described in previous literature.5,12,13 
Antiplatelet agents, if administered, were discontinued for 
3 days before surgery and 2 days after surgery.

During general anesthesia, PaCO2 and end-tidal CO2 
were closely monitored, and the level of PaCO2 was strict-
ly maintained between 37 and 40 mm Hg.

outcome
All silent and symptomatic ischemic lesions, a prima-

ry outcome in this study, were diagnosed by neuroradi-

ologists based on the results of DWI performed no lon-
ger than 14 days after surgery. A symptomatic lesion was 
defined as one causing a decline in the modified Rankin 
Scale (mRS) score. Such lesions were classified into either 
of 2 categories: cortical infarction or subcortical infarc-
tion. The patency of the bypass was also assessed using 
MRA performed in the same imaging session.

statistical analysis
Since more than half of the patients underwent mul-

tiple procedures, postoperative outcomes for such patients 
might not be statistically independent. In consideration of 
these dependencies, we used the generalized estimating 
equation (GEE) approach for the demographic descrip-
tions of stable and unstable moyamoya disease as well as 
univariate and multivariate logistic regression analyses.2 
All p values and confidence intervals were calculated with 
robust standard error estimates from the GEE approach 
with the independent working correlation structure.

Because of rare outcome events, we selected preop-
erative variables only with p values < 0.05 as covariates 
adjusted for the multivariate GEE logistic analysis. In 
light of its clinical importance, radiographic evidence of 
infarction was incorporated into the multivariate analysis 
regardless of its p value. As mentioned in Results, assess-
ment of disease progression was not possible for 6 pro-
cedures; hence, these procedures were excluded from the 
primary analysis. We also conducted a sensitivity analysis 
that included the 6 procedures, all of which were assumed 
to be those of unstable disease (Fig. 1), considering the 
possibility that such patients might undergo only 1 MRA 
session because of rapid progression. We fit the same GEE 
logistic regression for both the primary and sensitivity 
analyses. Two-sided values of p < 0.05 and 95% confi-
dence intervals of odds ratios that do not include 1 were 
considered significant. All analyses were performed using 
JMP (version 9) software and Windows SAS (version 9.3, 
SAS Institute Inc.).

Fig. 2. Serial MRA images obtained in a 1-year-old boy representing rapid disease progression.  a: Image obtained 2 months 
before referral to our hospital, revealing moderate stenosis in the terminal portion of the ICA and M1 segment of the MCA bilater-
ally.  b: Image obtained at admission to our hospital, revealing signal decrease in the right MCA compared with that obtained 2 
months previously, suggesting rapid disease progression in the right MCA. The patient subsequently underwent direct bypass for 
the right MCA territory.  c: Image obtained 2 months after surgery, revealing an invisible signal in the left MCA, suggesting rapid 
disease progression in the left MCA.
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results
characteristics of unstable disease

Demographics of the 86 patients are summarized in 
Table 1. Among the 140 procedures performed in these 
patients, 6 procedures could not be assessed for disease 
progression for the following reasons: 2 MRI sessions 
were performed before surgery, but the interval was less 
than 2 weeks (3 procedures); only 1 MRI session was per-
formed before surgery because the patient had suffered a 
minor stroke during admission to the neurological depart-
ment at our hospital and was promptly referred to a neu-
rosurgeon (1 procedure); and the surgeon did not require 
a second MRI before surgery because a baseline MRI had 
been performed shortly before referral (2 procedures). 
Postoperative DWI revealed neither silent nor symptom-
atic lesions in these 6 cases. Baseline characteristics of the 
134 included and 6 excluded cases were compared, and no 
variable significantly differed between the 2 groups except 
for the prevalence of recent stroke (9% in the included 
group and 50% in the excluded group, p = 0.017).

Of the 134 procedures included in the primary analysis, 
24 (17.9%) were classified as unstable disease (Table 2): 
16 as rapid progression, 6 as repeat stroke, and 2 as both. 
Disease progression at an interval exceeding 6 months had 
occurred before 5 procedures, all of which were classified 
in the stable group.

Table 3 summarizes baseline characteristics of the sta-
ble and unstable groups. Compared with the stable group, 
the unstable group included more patients younger than 
3 years (p = 0.029), more completed stroke as an initial 
manifestation (p < 0.001), more evidence of infarction (p 
= 0.030), and more underlying disease causing moyamoya 
syndrome (p = 0.049). The median interval between the 
2 MRA sessions was 90.5 days (range 14–352 days) for 
the stable group and 81.5 days (range 27–175 days) for the 
unstable group.

overall outcome
Postoperative DWI-defined lesions were detected af-

ter 13 (9.3%) of 140 procedures (Fig. 3). Six lesions were 
clinically silent, while 7 caused transient or permanent 
symptoms. A permanent ischemic complication occurred 
in 4 procedures (2.9%). These symptomatic lesions, all of 
which occurred in the unstable disease group, represented 
a cortical infarction remotely located from the anastomo-
sis site, while the remaining 9 lesions included cortical 
and subcortical infarctions (Fig. 3). Lesions on the side 
contralateral to the surgery were detected on DWI in 3 
procedures. The patency of all bypasses was confirmed 
using MRA.

For patients who suffered a permanent ischemic com-
plication, at the time of discharge 1 patient had an mRS 
score of 1, and 3 patients had an mRS score of 2. At the 
time of last follow-up, 2 of these patients had an mRS 
score of 1, and 2 patients had an mRS score of 2.

association between unstable disease and postoperative 
dwi-detected lesions

The incidence of postoperative DWI-detected lesions 
in the unstable disease group was 33.3% (8 of 24 pro-
cedures), which was significantly higher than that in the 
stable disease group (5/110 procedures [4.5%], p < 0.001). 
Infarction causing permanent morbidity was seen after 4 
procedures (16.7%) in the unstable disease group, while no 
permanent morbidity was observed in the stable disease 
group. No stroke occurred after the 14th postoperative day 
in either group.

For the univariate analysis, unstable disease (p < 0.001), 
underlying disease (p = 0.028), and recent stroke (p = 
0.012) were identified as preoperative variables associated 
with postoperative DWI-detected lesions (Table 4). The 
primary analysis revealed that unstable disease was a sta-
tistically significant factor independently associated with 
DWI-detected lesions (OR 6.62 [95% CI 1.79–24.5]; Table 
5). Unstable disease remains statistically significant in the 
sensitivity analysis (OR 5.36 [95% CI 1.47–19.6]).

discussion
The results of the present study suggest that age young-

er than 3 years and underlying disease causing moyamoya 
syndrome are associated with unstable moyamoya disease. 
Our results indicate that, despite the relatively low overall 
ischemic complication rate (2.9%), unstable disease is an 

table 1. demographic and clinical characteristics of 86 patients 
included in the study

Variable Value*

Median age (yrs, IQR) 18.5 (7.75–39.25)
Female 56 (65.1)
Initial manifestation
  TIA 51 (59.3)
  Completed stroke 18 (20.9)
  Intracranial hemorrhage 11 (12.8)
  Epilepsy  3 (3.5)
  Asymptomatic 3 (3.5)
Underlying disease 7 (8.1)
No. of procedures
 1 37 (43.0)
 2 44 (51.2)
  3 5 (5.8)

IQR = interquartile range.
*  Values are presented as the number of patients (%) unless noted otherwise.

TABLE 2. Details of classification of 134 procedures as stable or 
unstable disease

Variable No. of Procedures

Stable disease (110 procedures)
  Neither progression nor repeated stroke 105
  Progression over >6 mos 5
Unstable disease (24 procedures)
  Rapid progression w/in 6 mos 16
  Repeated stroke w/in 6 mos 6
  Both rapid progression & repeated stroke 2
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independent risk factor for perioperative DWI-detected le-
sions.

The incidence of disease progression in moyamoya dis-
ease, which is receiving more attention especially regard-
ing cases of unilateral disease, is not particularly rare. Dis-
ease progression occurs in 54% of pediatric patients over 
a mean period of 5.4 years and in 23.8% of adult patients 
over a mean period of 6.1 years.19,21 A more recent study 
estimated the 3-year cumulative incidence of disease pro-
gression as 19% in children and adolescents with unilateral 
disease.28 Younger age,26,28 female sex,19 contralateral an-
giographic abnormality,20,26 and underlying cause of moy-
amoya syndrome21 have been considered risk factors for 
contralateral progression of unilateral disease. The results 
of our study, which found younger age and underlying dis-
ease as risk factors for unstable disease, are in line with 
these reports. The mean time to progression estimated in 
the previous studies ranged from 14.3 to 34 months.14,19,20 
Our results may add important information to those of pre-

vious studies, because more rapid disease progression was 
observed in a substantial number of patients.

Several factors, such as age younger than 3 years,16 fe-
male sex,15 presence of underlying disease,6,22 frequent 
TIAs,16 radiographic evidence of preexisting infarction,9,16,25 
recent episode of stroke,9,16 advanced angiographic stage,11 
and disease involvement in the PCA,11 are believed to in-
crease ischemic complications after bypass surgery for 
moyamoya disease. Although young age and preexisting 
infarction were generally considered major risk factors for 
surgical outcome in moyamoya disease, some controversy 
remains in the literature regarding what constitutes a risk 
factor. Our univariate result, indicating that underlying dis-
ease and recent stroke are significant, partly coincides with 
the literature. In addition, our multivariate results suggest 
that unstable disease is another independent risk factor for 
perioperative ischemic complications.

On the other hand, our results did not reveal a statistical-
ly significant impact of preexisting infarction on outcome, 

table 3. demographic descriptions of stable and unstable moyamoya disease*

Variable Stable (110 procedures) Unstable (24 procedures) p Value†

Age in yrs
  Mean ± SD 21.3 ± 15.1 18.0 ± 18.5 0.461
  Median (range) 17.5 (0–52) 7.5 (1–51)
Age <3 yrs 3 (2.7) 4 (16.7) 0.029
Female 77 (70.0) 13 (54.2) 0.184
Mean systolic BP in mm Hg  120.2 ± 15.2 120.7 ± 19.9 0.926
Mean diastolic BP in mm Hg 73.2 ± 15.6 75.4 ± 17.0 0.620
Initial manifestation
  Completed stroke 16 (14.5) 13 (54.2) <0.001
  TIA 74 (67.3) 4 (16.7) <0.001
  Intracranial hemorrhage 13 (11.8) 3 (12.5) 0.943
  Other 7 (6.4) 4 (16.7)
Underlying disease 7 (6.4) 5 (20.8) 0.049
Frequency of TIA >3 times/mo 8 (7.3) 3 (12.5) 0.339
Radiographic evidence of infarction 66 (60) 20 (83.3) 0.030
Recent stroke 5 (4.5) 7 (29.2) <0.001
Unilateral disease 11 (10.0) 3 (12.5) 0.713
Suzuki stage
  I 5 (4.5) 1 (4.2)
  II 32 (29.1) 8 (33.3)
  III 59 (53.6) 14 (58.3)
  IV 14 (12.7) 1 (4.2)
 V 0 0
Suzuki Stage ≥IV 14 (12.7) 1 (4.2) 0.270
PCA involvement 32 (29.1) 10 (41.7) 0.283
Severe hemodynamic compromise‡ 72 (66.7) 18 (75.0) 0.412
Antiplatelet agent administration 92 (83.6) 21 (87.5) 0.709
Median MRI interval in days (range) 90.5 (14–352) 81.5 (27–175) 0.048

BP = blood pressure.
*  Values are number of procedures (%) unless indicated otherwise. Mean values are presented as the mean ± SD.
†  The p values were calculated with robust standard errors derived from the GEE approach with the independent working correlation structure.
‡  Data were unavailable for 2 procedures.
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which contradicts findings of some previous reports.9,16,25 A 
possible explanation for this contradiction is that unstable 
disease, including infarct as defined, acted as an interven-
ing variable in multivariate analysis, which might dimin-
ish the true effect of infarct on outcome. A relatively high 
odds ratio was observed for preexisting infarct, and a study 
with a larger sample size may have detected its statistically 
significant impact on perioperative ischemic complication. 
Another reason we did not find a significant effect from 

preexisting infarct might be a difference in surgical proce-
dures. The prestigious study by Kim et al., concluding that 
age younger than 3 years and preexisting infarct were risk 
factors for surgical ischemic complication, addressed indi-
rect bypass.16 On the other hand, Guzman et al., analyzing 
the outcomes of 450 direct bypasses, found no association 
between age and perioperative ischemia.6

One possible mechanism of infarction developing af-
ter bypass surgery in the unstable disease group could 
be hemodynamic shift after direct bypass. Hayashi et al. 
discussed the mechanism of postoperative focal hypo-
perfusion detected by SPECT.7 They speculated that the 
reversed MCA flow induced by the bypass graft could 
conflict with the original MCA flow, resulting in relative 
hypoperfusion in the remote territory of the MCA. Such a 
hemodynamic shift may be more prevalent in unstable dis-
ease. In unstable disease, leptomeningeal collateral flow 
may fail to develop sufficiently because of rapid disease 
progression. As a result, the bypass flow may conflict more 
strongly with the original antegrade flow supplying the 
MCA territory. Our finding that all symptomatic lesions 
occurring in unstable disease represent a cortical infarc-
tion remotely located from the anastomosis site may sup-
port this speculation.

Our study has several limitations. First, the study exclud-
ed from the primary analysis 6 procedures before which 
only 1 session of MRA had been performed. The impact 
of possible bias caused by this exclusion may be minimal, 
however, because the sensitivity analysis also revealed sta-
tistical significance of unstable disease. Second, the retro-
spective study design meant that the interval between the 
2 MRA sessions and the modality of MRA varied among 
patients. This might have caused a selection bias regarding 
the classification of unstable disease. Third, the result of 

TABLE 4. Univariate analyses of putative factors and  
postoperative dwi-detected lesions

Variable OR (95% CI) p Value

Unstable moyamoya 10.5 (2.69–41.0) <0.001
Preop factors
  Age (yrs) 0.99 (0.94–1.05) 0.792
  Age <3 yrs 4.22 (0.39–46.1) 0.238
  Female 0.53 (0.13–2.16) 0.379
  Systolic BP 1.02 (0.97–1.07) 0.422
  Diastolic BP 1.02 (0.97–1.08) 0.360
  Underlying disease 6.28 (1.22–32.4) 0.028
  Frequency of TIAs >3 times/mo 2.26 (0.43–12.0) 0.336
  Radiographic evidence of infarction 7.62 (0.88–65.7) 0.065
  Recent stroke 6.28 (1.51–26.1) 0.012
  Unilateral disease 0.69 (0.08–6.11) 0.741
  Suzuki Stage ≥IV 2.10 (0.29–7.89) 0.625
  PCA involvement 0.97 (0.22–4.26) 0.969
  Severe hemodynamic compromise* 6.31 (0.90–44.2) 0.064
  Antiplatelet agent administration 2.38 (0.27–21.0) 0.436

*  Data were unavailable for 2 procedures.

Fig. 3. Lesions detected on postoperative DWI.  a: Silent lesions.  b: Lesions causing transient symptoms.  c: Lesions causing 
permanent symptoms.
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the multivariate analysis has a relatively large confidence 
interval, which is attributable to the small number of cases. 
Larger prospective studies are therefore necessary to con-
firm the significant impact of unstable moyamoya disease 
on perioperative ischemic complications. These studies 
might also reveal the statistical significance of other vari-
ables such as preexisting infarct.

Considering the devastating nature of unstable moy-
amoya disease reported to date,4,17,18 early surgical revas-
cularization might be recommended. Kim et al. similarly 
stressed the importance of early surgical intervention for 
aggressive moyamoya disease observed in children.17 On 
the other hand, our finding, which detected the unstable 
state as an independent surgical risk factor, shed light on 
the need for preoperative diagnosis and specific periopera-
tive management of unstable moyamoya disease. In terms 
of the diagnosis, performing MRA immediately before 
surgery might be useful, as the disease progression could 
be detected through a comparison with previous findings. 
In terms of treatment, perioperative management should 
be focused more on preventing ischemic complications. 
Although intentional lowering of blood pressure is con-
sidered for patients with hyperperfusion complications,3 
those with unstable disease should instead be maintained 
in a normotensive or slightly hypertensive state. Strict con-
trol of blood CO2 level during surgery, in which PaCO2 is 
maintained between 37 and 40 mm Hg at our institution, 
should also be undertaken. More aggressive use of anti-
platelet agents could be adopted as a possible option for 
unstable disease. Although we adopted direct bypass as 
the first choice for treating moyamoya disease, tentative 
indirect bypass followed by elective direct bypass may be 
considered for unstable disease. This strategy can be indi-
cated especially when acute hemorrhagic infarction after 
direct bypass as well as hemodynamic shift is concerned. 
The efficacy of these possible methods of management of 
unstable disease should be tested in future studies.

conclusions
Unstable moyamoya disease, reasonably defined as 

cases of rapid progression or repeated stroke, represents 
a clinically challenging condition. It is more prevalent in 
patients younger than 3 years and those with underlying 
disease causing moyamoya syndrome. Unstable moyam-
oya disease is a possible risk factor associated with peri-
operative ischemic complication. The concept of unstable 
moyamoya disease may contribute to further improvement 
in the surgical results of moyamoya disease as a result of 
focused perioperative management arising from appropri-
ate surgical risk stratification.
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