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Guidelines for Diagnosis and Treatment
of Moyamoya Disease

(Spontaneous Occlusion of the Circle of Willis)

Research Committee on the Pathology and Treatment of Spontaneous
Occlusion of the Circle of Willis; Health Labour Sciences Research

Grant for Research on Measures for Intractable Diseases

CHAPTER I: CONCEPTS OF THE DISEASE

Concepts of the Disease

The characteristics of moyamoya disease (spontane-
ous occlusion of the circle of Willis, cerebrovascular
``moyamoya'' disease) on cerebral angiography were
reported for the first time in 1957,8) and the concept
of moyamoya disease as a separate disease entity
was established in the 1960s.1–3,6,7) Pathologically,
moyamoya disease is characterized by chronic
progressive stenosis of the terminal portion of the
bilateral internal carotid arteries, which leads to the
formation of an abnormal vascular network com-
posed of collateral pathways at the base of the brain
(moyamoya vessels at the base of the brain)
(`moyamoya' is the Japanese term for a ``puff of
smoke,'' which has been used to describe the appear-
ance of these collateral vessels on cerebral angio-
grams6)). Eventually, with bilateral internal carotid
artery occlusion, the moyamoya vessels at the base
of the brain derived from the internal carotid arte-
ries disappear, and the entire brain is perfused by
the external carotid artery system and the ver-
tebrobasilar artery system.1–3,5–7) This disease is in-
cluded in the list of diseases for Research on Meas-
ures for Intractable Diseases and the Specified Dis-
ease Treatment Research Program specified by the
Ministry of Health, Labour and Welfare. Currently,
the diagnostic criteria for moyamoya disease (spon-
taneous occlusion of the circle of Willis) laid down
by the research committee are as follows.4)

Diagnostic Criteria3)

(1) Cerebral angiography is considered essential for
the diagnosis, and must show at least the follow-
ing findings:
(i) Stenosis or occlusion of the terminal portion

of the intracranial internal carotid artery or
proximal portions of the anterior and/or the
middle cerebral artery.

(ii) Abnormal vascular networks in the vicinity
of the occlusive or stenotic lesions in the ar-
terial phase.

(iii) Bilaterality of findings (i) and (ii).
(2) However, when magnetic resonance imaging

(MRI) and magnetic resonance angiographic
(MRA) findings meet all of the following criteria,
cerebral angiography can be omitted. See the
``Guidelines for Diagnostic Imaging by MRI and
MRA.''
(i) MRA shows stenosis or occlusion of the ter-

minal portion of the intracranial internal
carotid artery or proximal portions of the
anterior and/or the middle cerebral artery.

(ii) MRA shows abnormal vascular networks in
the basal ganglia.
Note: When 2 or more visible flow voids are
present in the basal ganglia on MRI, at least
unilaterally, they can be deemed as repre-
senting an abnormal vascular network.

(iii) Bilaterality of findings (i) and (ii).
(3) Moyamoya disease is an illness of unknown eti-

ology. The differential diagnosis of this disease
includes similar cerebrovascular lesions associ-
ated with the following underlying diseases,
which should, therefore, be excluded: (i) atheros-
clerosis, (ii) autoimmune disease, (iii) meningitis,
(iv) brain tumors, (v) Down's syndrome, (vi) von
Recklinghausen's disease, (vii) head injury, (viii)
cerebrovascular lesions after head irradiation,
and (ix) others.

(4) Pathological findings that can be used as refer-
ences for the diagnosis
(i) Thickening of the arterial intima, mainly in

the terminal portion of the internal carotid
arteries, and narrowing or blockage of the
lumen caused by this change, usually bilater-
al. Occasionally, lipid deposits are also
present in the thickened intima.

(ii) Arteries such as the anterior, middle, and
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posterior cerebral arteries forming the circle
of Willis occasionally show varying degrees
of stenosis or occlusion associated with
fibrocellular thickening of the intima, wavi-
ness of the internal elastic lamina, and thin-
ning of the media.

(iii) Numerous small vascular channels (per-
forating and anastomotic branches) can be
seen around the circle of Willis.

(iv) Pia mater may also show reticular con-
glomerates of small vessels.

Diagnostic Assessment

Moyamoya disease should be classified as definitive
or probable based on the above-mentioned items (1)
to (4). When autopsy is performed in the absence of
cerebral angiography, the condition should be diag-
nosed based on the criteria in item (4).

Definitive moyamoya disease: All criteria listed in
(1) or (2) and in (3) should be met. In children,
however, the criteria in item (1) or (2) (i) and (ii) on
one side, and visible stenosis around the terminal
portion of the internal carotid arteries on the other
side are sufficient for a definitive diagnosis.

Probable moyamoya disease: All criteria are ful-
filled except item (1) (iii) and/or item (2) (iii) among
the criteria of (1) or (2) and (3).
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CHAPTER II: EPIDEMIOLOGY

Moyamoya disease (spontaneous occlusion of the
circle of Willis) is a disease that occurs frequently in
Asian countries, including Japan, but is rare in
Western countries. Epidemiological data reported
from Japan are extremely valuable worldwide.

Early epidemiological surveys in Japan include an
evaluation in 376 patients performed by Kudo5) in
the early 1970s and an evaluation in 518 patients
conducted by Mizukawa et al.6) Thereafter, a
research committee on spontaneous occlusion of the
circle of Willis was established in 1977. Since 1983,
case registration and follow-up investigation have
been carried out each year at medical institutions to
which the committee members belong and their
related facilities throughout Japan. As of 2006, there
were a total of 962 patients, including 785 with a
definitive diagnosis of moyamoya disease, 60 with a
probable diagnosis, and 62 with quasi-moyamoya
disease, registered in the database of this research
committee on spontaneous occlusion of the circle of
Willis.7)

In addition to accumulation of cases in the data-
base at the committee members' institutions, three

large-scale national epidemiological surveys were
conducted in 1984, 1990, and 1994.

Number of Patients and
Male-to-Female Ratio

In a national epidemiological survey conducted by
Wakai et al.8) in 1994, approximately 3,900 people
were estimated to be suffering from moyamoya dis-
ease (To be more precise, this was the number of
patients examined). Moyamoya disease affects 3.16
people per 100,000 persons, and occurs at an inci-
dence of 0.35 people per 100,000 population. Ac-
cording to the ``number of patients having a certifi-
cate for medical care for specified (intractable) dis-
ease: Occlusive disease in circle of Willis,'' the num-
ber of patients with moyamoya disease markedly in-
creased from 5,227 patients in 1994 to 10,812
patients in 2005. If a national survey were conduct-
ed again now, it is expected that the number of
patients would have grown further from that in
1994. This may be attributable to the spreading
awareness of and familiarity with the concepts of
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Fig. 1 Age of onset by sex.7)

Fig. 2 Age of onset by disease type of the initial
attack.7) TIA: transient ischemic attack.

Fig. 3 Age of onset of ischemic-type and hemorrhagic-
type moyamoya disease (n ＝ 1127).
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moyamoya disease, as well as the establishment of
the ``Guidelines for Diagnostic Imaging by MRI and
MRA'' in 1995, which enabled the diagnosis of
moyamoya disease based on only the MRA findings.

The male:female ratio reported from various stu-
dies is nearly consistent,7,8) 1:1.8 to 1.9. The disease
is more common in women. In addition, a positive
family history has been reported in about 10.0% of
the patients.8)

Age of Onset

The 1994 national survey8) and 2006 database evalu-
ation7) showed a similar trend in relation to the age
at onset of moyamoya disease: a bimodal peak con-
sisting of a major peak in the first decade of life and
a moderate peak in the late 20s to 30s (Fig. 1).
However, a recent report has indicated a higher age
as compared with that mentioned above as the peak
age at onset.1)

The various disease types by which the initial at-
tack can manifest are presented in detail in Chapter
IV: Symptoms. The 2006 database evaluation7) has
reported a unimodal peak age at onset in the late 20s
for initial attacks of the hemorrhagic type, but a bi-
modal peak for initial attacks of other disease types
(Fig. 2). However, according to another report, the
peak age range of onset for initial attacks of the
hemorrhagic type is the 5th to 6th decades of life
(Chapter IV, Fig. 3).

Asymptomatic Moyamoya Disease

In recent years, asymptomatic cases of moyamoya
disease and moyamoya disease manifesting with
only non-specific symptoms, such as headache, have
drawn attention. The increase in the number of such
patients could be attributable, at least in part, to the
current widespread availability of MRI and the in-

crease in the number of people undergoing medical
checkup procedures for the brain.

Ikeda et al.3) performed MRI/MRA in 11,402
healthy people (male n ＝ 7,570, female n ＝ 3,832)
who underwent a medical checkup for the brain and
estimated a prevalence rate for moyamoya disease of
50.7 people per 100,000 healthy (asymptomatic)
population. In an epidemiological survey conducted
by Baba et al. in Hokkaido,1) the prevalence rate of
moyamoya disease was estimated as 10.5 people per
100,000 persons. This prevalence rate is higher than
that reported from the previous national survey.
While the possibility of including patients with
atherosclerosis cannot be ruled out, it could include
a considerable number of patients with latent
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moyamoya disease (asymptomatic or only minor
symptoms).

Distribution of Moyamoya
Disease in the World

Goto and Yonekawa2) reviewed papers published be-
tween 1972 to 1989 and reported that 1,063 patients
had been notified as being affected by moyamoya
disease in the world excluding Japan, and that of
these, 625 patients were Asian (Korean n ＝ 289,
Chinese n ＝ 245), 201 were European, and 176 were
South or North American. The 1990 national survey
reported an estimated 3,000 Japanese patients. Even
allowing for differences in the rate of recognition of
the disease, moyamoya disease appears to be a com-
mon illness in Asia, with the maximum number of
cases from Japan. What is of even greater interest is
that many patients of moyamoya disease reported
from Europe and South/North America are Asian or
African people, with the disease only rarely reported
in Caucasians. Ikezaki et al.4) also reported 451
patients from 29 institutions in South Korea in a
1995 survey.
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CHAPTER III: PATHOLOGY/ETIOLOGY

Pathology

The main finding at autopsy is stenosis or occlusion
of the terminal portion of the internal carotid arte-
ries. Moyamoya vessels are assumed to represent
collateral circulation which has developed to com-
pensate for the cerebral ischemia occurring due to
stenosis. In the early stage of the disease (stage I ac-
cording to Suzuki's classification), moyamoya ves-
sels are rarely observed. Degeneration of the smooth
muscle cells in the media and the resultant death of
the vascular smooth muscle cells cause thinning of
the media. The waviness and duplication of the in-
ternal elastic lamina, accumulation of necrotic cell
components in the interstitium, and proliferation of
the vascular smooth muscle cells induce thickening
of the intima and narrowing of the intravascular lu-
men. These are the processes assumed to be in-
volved in the formation of the occlusive lesions.7)

These changes noted in the terminal portion of the

internal carotid arteries suggest the possibility of
similar occurrence in the systemic arteries.11)

Qualitative abnormalities of the vascular smooth
muscle cells are considered to be an underlying
reason for the internal carotid artery occlusion.
Transcription factors such as tumor growth factor-b
and growth factors such as basic fibroblast growth
factor and human growth factor have also been im-
plicated.10)

Genetic factors are also considered to be closely
involved; however, because penetrance is incom-
plete and depends on the age, accumulation of the
effects of genetic factors is believed to induce vascu-
lar smooth muscle cell death and proliferation.9)

Familial Moyamoya Disease

Both familial moyamoya disease, referring to the ac-
cumulation of affected patients among relatives, and
sporadic moyamoya disease, where no affected per-
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son is identified among relatives, have been report-
ed. Familial moyamoya disease has been reported to
account for approximately 10% of all cases of
moyamoya disease.6) Nonetheless, with the recent
advances and spread of MRA, a non-invasive test,
the number of cases of asymptomatic moyamoya
disease among the relatives of patients has been in-
creasing.4)

Genetic Factors

For familial moyamoya disease, gene loci have been
identified in 3p24-p261) and 8q238) in a genomewide
analysis, and in 6q25 (D6S441)2) and 17q2512) in a
chromosomal search. In families with strong genetic
factors, in which affected people are identified in 3
or more generations, the disease assumes an au-
tosomal dominant inheritance pattern,6) and a sig-
nificant linkage to 17q25.3 has been noted in these
families.5) At present, it is thought that the responsi-
ble genes are present in multiple gene loci,
representing locus heterogeneity.

Cases of unilateral moyamoya disease progressing
to bilateral moyamoya disease,3) and of progression
of major artery stenosis on the side contralateral to
the initial disease have been reported. Therefore, the
possibility that major artery stenosis, unilateral
moyamoya disease, and narrow-defined bilateral
moyamoya disease are also a series of sequential le-
sions, established based on the same genetic suscep-
tibility has been suggested for familial moyamoya
disease.5) In addition, familial moyamoya disease is
an autosomal dominantly inherited disease with in-
complete penetrance, and various stages of the dis-
ease are noted in the same family. Consequently, in-
teractions between genetic factors and aging or en-
vironmental factors are assumed to be necessary for
the development of the disease.
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Table 1 Disease type manifested at the initial attack (n
＝ 962)

Disease type No. of patients

TIA 353 (37%)
Frequent TIA 63 (7%)
Cerebral infarction 165 (17%)
Intracerebral hemorrhage 186 (19%)
Headache 57 (6%)
Epilepsy 29 (3%)
Asymptomatic 32 (3%)
Others 13 (1%)
Details unknown 64 (7%)

TIA: transient ischemic attack.

Table 2 Initial symptom (n ＝ 1127)

Initial symptom Hemorrhagic
type (%)

Ischemic
type (%)

Muscle weakness 58.6 79.8*
Consciousness disturbance 70.4* 14.1
Headache 64.6* 18.8
Seizure 8.5 8.0
Psychiatric symptom 8.7 2.5
Speech disorder 24.5 20.1
Sensory disturbance 18.4 19.3
Involuntary movement 3.3 3.0
Intellectual disturbance 5.3 6.2
Visual impairment 2.0 3.2
Visual field defect 3.9 5.0

*Significantly more frequent as compared with the others
(p º 0.05).
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CHAPTER IV: SYMPTOMS

Disease Type Manifested
at the Initial Attack

Moyamoya disease may occur at any age from child-
hood to adulthood. In general, the initial manifesta-
tion is cerebral ischemic symptoms in children and
intracranial hemorrhage symptoms in addition to
ischemic symptoms in adults. The distribution of the
age of development of the ischemic type and hemor-
rhagic type of moyamoya disease in 1,127 definitive
moyamoya disease patients registered in the na-
tional survey conducted by the Research Committee
on Moyamoya Disease until 2000 is illustrated in
Fig. 3.9) The symptoms and course vary according to
the age and the disease type manifested at the initial
attack, and varying degrees of severity of symptoms
have been noted, such as transient attacks and at-
tacks which resulted in fixed neurological deficits.
With the recent increase in the availability of MRI,
many patients who were incidentally identified as
having moyamoya disease during the asymptomatic
stage4) or with only the complaint of headache2) have
been reported.

The Research Committee on Moyamoya Disease
classified the initial attacks into 6 types in 1979:
``hemorrhagic-type,'' ``epileptic-type,'' ``infarction-
type,'' ``transient ischemic attack (TIA)-type,'' ``fre-
quent TIA-type'' (twice or more often per month),
and ``other.'' Subsequently, the ``asymptomatic-
type'' was added, and in 2003 ``headache-type'' was
also added. The proportions of patients with each of
the disease types at the initial attack in 962 patients
registered from 2003 to 2006 are listed in Table 1.8)

The data belong mainly to patients from medical in-
stitutions to which the committee members be-
longed. In a complete survey in Hokkaido, the fre-

quency of the asymptomatic-type has been reported
to have increased further, and the percentage of
adult patients has also been suggested to have possi-
bly increased as compared with the figure reported
previously.1)

Frequency of Each Symptom

The frequency of each initial symptom in the 1,127
definitive moyamoya disease patients registered un-
til 2000 is presented in Table 2 for the patients with
the hemorrhagic-type and ischemic-type (infarction-
type, TIA-type, and frequent TIA-type) of initial at-
tack. For both types, muscle weakness, conscious-
ness disturbance, headache, speech disorder, and
sensory disturbance were the most frequent,
however, the incidence of consciousness distur-
bance and headache was higher and the incidence of
muscle weakness lower for patients with the hemor-
rhagic-type than for the ischemic-type initial attacks
(p º 0.01).9)

Characteristics of Symptoms According
to the Age and Disease Type

Symptoms vary according to the age and disease
type. In children, the disease often manifests initial-
ly with cerebral ischemic symptoms, particularly af-
ter hyperventilation caused by strenuous exercise,
crying, harmonica playing, and eating a hot meal.
Symptoms such as cataplexy (quadriplegia, hemiple-
gia, and monoplegia), sensory disturbance, con-
sciousness disturbance, seizure, and headache oc-
cur in a paroxysmal and recurrent manner. The
symptoms always appear on the same side in many
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patients, but occasionally, the affected side inter-
changes between the right and left sides. In addition,
some patients develop involuntary movements such
as chorea5) and limb shaking. Such cerebral ische-
mia attacks may persist or resolve. In patients with
repeated cerebral ischemia attacks, cerebral atrophy
occurs, leading to mental dysfunction or diminished
intelligence,6) or sequelae of cerebral infarction may
remain. In moyamoya disease, the posterior cerebral
arteries often remain patent until the advanced stage
of the disease,3) however, in some patients, posterior
cerebral artery disorder may result in visual impair-
ment or visual field defect.7) In pediatric patients,
particularly those aged less than 5 years old, in-
tracranial bleeding rarely occurs, unlike in adult
patients.

In adult patients, especially those aged 25 years or
older, moyamoya disease frequently manifests with
sudden-onset intracranial hemorrhage (intraven-
tricular, subarachnoid space, or intracerebral
hemorrhage), causing symptoms such as conscious-
ness disturbance, headache, muscle weakness, and
speech disorder, according to the site of hemor-
rhage. Intracranial hemorrhage is often small in-
traventricular hemorrhage so that the symptoms
may abate, however, it may also cause fixed neuro-
logical deficits or progress to a more serious condi-
tion and lead to death. In addition, the patients are at
a high risk of rebleeding, and approximately a half of
the patients die as a result of bleeding.

In addition to these symptoms, moyamoya disease
may also manifest as cerebral ischemia attacks in
adult patients as in pediatric patients. In such
patients, age-related vascular changes are also
present. This may cause cerebral infarction, result-
ing in permanent impairment in many cases.

As previously described, with the recent
widespread availability of MRI, an increasing num-
ber of patients with only headache or even entirely
asymptomatic patients are detected to have
moyamoya disease. The characteristics of the
headache vary, and may be migraine-like throbbing
pain or the dull headache noted in tension-type
headache. The precise mechanism is not yet fully
understood.
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CHAPTER V: SIMILAR CONDITIONS

Quasi-moyamoya Disease

1. Definition
Quasi-moyamoya disease refers to the presence of

stenosis or occlusion of the terminal portion of the
internal carotid artery or proximal portion of the an-
terior and/or middle cerebral arteries accompanied
by an abnormal vascular network detected in associ-
ation with an underlying disease. Even in cases with
unilateral lesions, if an underlying disease is
present, the condition is considered as quasi-
moyamoya disease.

This condition is also called ``rui-moyamoya dis-
ease'' in Japanese and ``quasi-moyamoya disease'' in
English (synonym of ``moyamoya syndrome'' or
``akin to moyamoya disease''). Unilateral moyamoya
disease without underlying disease should be consi-
dered as probable moyamoya disease and be
differentiated from quasi-moyamoya disease.

2. Supplemental notes
The following illnesses have been reported as un-

derlying diseases: atherosclerosis, autoimmune dis-
ease (systemic lupus erythematosus, antipho-
spholipid antibody syndrome, periarteritis nodosa,
and Sj äogren's syndrome), meningitis, von Recklin-
ghausen's disease, brain tumors, Down's syndrome,
head injury, irradiation, hyperthyroidism, steno-
cephaly, Turner's syndrome, Alagille's syndrome,
William's syndrome, Noonan's syndrome, Marfan's
syndrome, tuberous sclerosis, Hirschsprung's dis-
ease, glycogen storage disease type I, Prader-Willi
syndrome, Wilms tumor, primary oxalosis, sickle
cell disease, Fanconi's anemia, spherocytosis, eo-
sinophilic granuloma, type II plasminogen deficien-
cy, leptospirosis, pyruvate kinase deficiency, pro-
tein someone deficiency, protein C deficiency,
fibromuscular hyperplasia, osteogenesis imperfecta,
polycystic kidney, oral contraceptives, and drug
poisoning (cocaine, etc.).

3. Evidence
Quasi-moyamoya disease can affect people of all

races. Concurrent occurrence with underlying con-
genital disease is frequent in children, while that
with acquired underlying disease is common in
adults.6,11) Quasi-moyamoya disease may manifest as
epilepsy or headache, or be asymptomatic.6,11) Co-
presence of symptoms associated with mental
retardation due to underlying disease and those as-
sociated with cerebrovascular disorder results in a
complicated clinical condition.6)

Cerebral angiographic findings vary widely from
those very similar to definitive moyamoya disease to
rather different, such as atherosclerotic lesions.3,6) In
a study of quasi-moyamoya disease associated with
von Recklinghausen's disease, unilateral lesions
were noted in 30% of the cases.3) In quasi-moyamoya
disease after irradiation, the affected arteries were
enhanced by a contrast agent, whereas no sig-
nificant contrast enhancement was noted in patients
with definitive moyamoya disease.1) In moyamoya
disease associated with irradiation, collateral circu-
lation involving the external carotid arteries is well
developed.3) Pathological findings also vary accord-
ing to the underlying disease. In quasi-moyamoya
disease concurrently associated with von Recklin-
ghausen's disease, inflammatory cell infiltration is
noted in the lesions.4) The findings of quasi-
moyamoya disease secondary to meningitis were
similar to those of definitive moyamoya disease.2)

The treatment of quasi-moyamoya disease is like
that of definitive moyamoya disease. For quasi-
moyamoya disease associated with hormonal abnor-
malities, such as hyperthyroidism, or with autoim-
mune disorder, correction of the hormonal abnor-
mality and immunosuppressive therapy, respec-
tively, are reported to be effective.2,5) For quasi-
moyamoya disease associated with von Recklin-
ghausen's disease, Down's syndrome, or irradiation,
revascularization (direct and indirect) has been de-
monstrated to be effective.7,8,12) The effect of re-
vascularization on the prevention of rebleeding in
patients with quasi-moyamoya disease has not yet
been clarified. In quasi-moyamoya disease, unila-
teral involvement may progress to bilateral disease.9)

The nature of the underlying diseases influences the
prognosis of patients with quasi-moyamoya dis-
ease.10)
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Unilateral Cases

1. Definition
Unilateral moyamoya disease is also referred to as

probable moyamoya disease and refers to the
presence of unilateral stenosis or occlusion of the
terminal portion of the internal carotid arteries ac-
companied by the formation of moyamoya vessels
around that region. These unilateral changes may
occur concurrently with other underlying diseases,
such as hyperthyroidism, intracranial arteriovenous
malformation, Down's syndrome, Apert's syn-
drome, von Recklinghausen's disease, postirradia-
tion of the head, systemic lupus erythematosus, and
Sj äogren's syndrome; when these underlying diseases
are present, the condition is classified as quasi-
moyamoya disease and not as unilateral moyamoya
disease.9) In children, unilateral moyamoya disease
associated with stenosis of the terminal portion of
the internal carotid arteries on the other side should
be considered as definitive moyamoya disease and

not as unilateral moyamoya disease.2)

2. Epidemiology
In a primary survey conducted in 2,998 Japanese

institutions in 2006, the frequency of unilateral
moyamoya disease was 10.6% among 2,635 patients
with moyamoya disease, including initially diag-
nosed and re-diagnosed patients.13) A family history
is occasionally present for patients with unilateral
moyamoya disease.10) An analysis of 15 families hav-
ing a family history of the disease in 3 or more gener-
ations revealed 5 patients with concurrent unilateral
moyamoya disease in addition to 43 patients with
definitive moyamoya disease, and suggested the pos-
sibility that the disease was inherited by the same au-
tosomal dominant inheritance pattern. Because of
this, unilateral moyamoya disease with a family
history is also viewed as a subtype of moyamoya dis-
ease.12) In addition, unilateral moyamoya disease is
also distinguished from definitive moyamoya dis-
ease without a positive family history or increased
basic fibroblast growth factor levels in the
cerebrospinal fluid.5)

3. Symptoms and diagnostic methods
The symptoms of unilateral moyamoya disease are

basically the same as those of definitive moyamoya
disease. In addition to cerebral ischemic symp-
toms,14) cerebral hemorrhage,1) concurrent cerebral
aneurysm,6) involuntary movement,15) etc. may be
noted. A definitive diagnosis is made based on
cerebral angiography, and the severity of cerebral
ischemia is determined by brain perfusion scin-
tigraphy.4)

4. Progression from unilateral to bilateral
moyamoya disease

The reported frequency of progression from
unilateral to bilateral moyamoya disease varies from
10% to 39% among reports.7) In a study where 10
patients with unilateral moyamoya disease were
followed up for 10 years, the condition progressed to
bilateral disease in only 1 (10%) pediatric patient;
thus, progression to bilateral disease appears to be
rare.5) In another study conducted on children,
however, unilateral disease progressed to bilateral
disease in 2 of 6 patients (33%)11) and in a study of 64
patients with unilateral moyamoya disease followed
up for 1 to 7 years, progression to bilateral disease
was noted in 17 (27%) patients, and such progres-
sion to bilateral disease within 5 years was frequent
in children with early-onset of moyamoya disease
(age at onset 10 years or less).9) In a follow-up study
of 12 pediatric patients and 5 adult patients, progres-
sion to bilateral disease was noted in only 6 (39%)
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pediatric patients during a 20-month follow-up
period.3)

In contrast, in a recent follow-up study of 28
patients with unilateral moyamoya disease, the con-
dition progressed to bilateral disease in 7 (25%)
patients, and 5 of these patients were adults. Thus,
progression to bilateral disease may be noted not
only in pediatric patients, but also in adult patients.
The statistically significant risk factors for progres-
sion to bilateral disease have been suggested to be
the presence of equivocal or mild stenotic changes
in the internal carotid artery, middle cerebral artery,
or anterior cerebral artery of the other side.8)
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CHAPTER VI: DIAGNOSIS

Cerebral Angiography, MRI, etc.

1. Recommendations
Cerebral angiography is essential for a definitive

diagnosis of moyamoya disease (Chapter I, Dia-
gnostic Criteria).2) MRI can provide a definitive di-
agnosis when the following findings are fulfilled on
time of flight imaging conducted using a scanner
with a magnetostatic intensity of Æ1.5 T (especially
3.0 T)2–4,9):
(1) On MRA, stenosis or occlusion of the terminal

portion of the intracranial internal carotid artery
or proximal portion of the anterior and/or mid-
dle cerebral arteries.

(2) On MRA, abnormal vascular networks in the
basal ganglia.
Note: When 2 or more visible flow voids in the
basal ganglia are present at least unilaterally on
MRI, they can be deemed as representing an ab-
normal vascular network.

(3) Bilaterality of findings (1) and (2).
Stage classification can also be made based on the
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Table 3 Stage classification

Stage Cerebral angiographic findings

I narrowing of the carotid fork
II initiation of the moyamoya (dilated major cerebral artery

and a slight moyamoya vessel network)
III intensification of the moyamoya (disappearance of the

middle and anterior cerebral arteries, and thick and
distinct moyamoya vessels)

IV minimization of the moyamoya (disappearance of the
posterior cerebral artery, and narrowing of individual
moyamoya vessels)

V reduction of the moyamoya (disappearance of all the
main cerebral arteries arising from the internal carotid
artery system, further minimization of the moyamoya
vessels, and an increase in the collateral pathways
from the external carotid artery system)

VI disappearance of the moyamoya (disappearance of the
moyamoya vessels, with cerebral blood flow derived
only from the external carotid artery and the ver-
tebrobasilar artery systems)

Table 4 Classification and scoring based on the mag-
netic resonance angiographic (MRA) findings

MRA findings Score

1) Internal carotid artery
normal 0
stenosis of C1 1
discontinuity of the C1 signal 2
invisible 3

2) Middle cerebral artery
normal 0
stenosis of M1 1
discontinuity of the M1 signal 2
invisible 3

3) Anterior cerebral artery
normal A2 and its distal 0
A2 and its distal signal decrease 1
invisible 2

4) Posterior cerebral artery
normal P2 and its distal 0
P2 and its distal signal decrease 1
invisible 2

A total score of 1) to 4) is calculated individually for the
right and left sides.

MRA total score MRA stage

0–1 1
2–4 2
5–7 3
8–10 4
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MR findings in some cases; and is useful in con-
sideration of the safety of examination (Appendix 1,
recommendation grade C1).2)

2. Explanation
In principle, the diagnosis of moyamoya disease is

made based on the following:
(1) stenosis or occlusion of the terminal portion of

the intracranial internal carotid artery or the
proximal portion of the anterior and/or middle
cerebral arteries;

(2) abnormal vascular networks in the vicinity of the
occlusive or stenotic lesions in the arterial phase;
and

(3) bilaterality of findings (1) and (2).
Cerebral angiography is essential for the diagno-

sis, but the above MR findings are, as an exception,
recognized as diagnostic criteria (Appendix 1, evi-
dence level III). However, the diagnostic criteria
(1)–(3) should be considered as the standard for
designation as an intractable disease by the Ministry
of Health, Labour and Welfare. When assuming sur-
gical treatment, conventional cerebral angiography
should be performed as far as possible (evidence lev-
el III).2)

Stage classification based on the cerebral angio-
graphic findings is well known (Table 3).7,8) On the
other hand, a classification based on the MRA find-
ings has been proposed (Table 4).6) In this system,
the stage is determined by simply assigning scores to
the MRA findings and then totaling the scores. The
stage classification using this method corresponds
well to the conventional classification based on an-

giography, and has been reported to have high sen-
sitivity and specificity (evidence level III).6)

MRA stage 1 identified using the above approach
corresponds to stages I and II of the angiographic
classification, stage 2 corresponds to stage III, stage
3 corresponds to stage IV, and stage 4 corresponds
to stages V and VI; so the classification is practical
(evidence level III).6) MRA is effective for assessing
the effects of surgical intervention and observing the
angiographic changes after treatment (evidence lev-
el III).5) MRI perfusion imaging is also a useful and
simple tool for cerebral blood flow (CBF) evaluation
(evidence level III).1)
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CBF-Single Photon Emission Computed
Tomography (SPECT) and Positron
Emission Tomography (PET), etc.

1. Recommendation
Evaluation of the cerebral hemodynamics by

SPECT and PET is useful for diagnosis and assess-
ment of the severity of cerebral ischemia in patients
with ischemic-type moyamoya disease (Appendix 1,
recommendation grade B).

2. Explanation
2–1. Clinical significance of the examinations

CBF-SPECT and PET have been applied for eval-
uating the cerebral hemodynamics in patients with
moyamoya disease. Assessment of the hemodynam-
ic severity of cerebral ischemia using these diagnos-
tic tools is clinically meaningful for determining the
indications of cerebral revascularization and assess-
ment of the therapeutic effects and prognosis,
mainly in patients with moyamoya disease.

2–2. Cerebral hemodynamics in patients with
moyamoya disease

Evaluation of the cerebral hemodynamics using
PET has been reported to reveal hemodynamically-
induced cerebral ischemia and typical misery perfu-
sion in both pediatric and adult patients with
moyamoya disease2,6,8) (Appendix 1, evidence level
III). This clinicopathological condition is character-
ized by cerebral ischemia, which induces a series of
compensatory responses to maintain the cerebral
metabolic rate of oxygen, including increase in the
oxygen extraction fraction (decrease in the cerebral
metabolic reserve), because CBF cannot be main-
tained by only the cerebral vasodilatory response
(increase in cerebral blood volume, decrease in
cerebrovascular reserve) owing to the marked
decrease in the cerebral perfusion pressure. In
regard to CBF-SPECT, with the development of the
CBF tracers (iodine-123 N-isopropyl-p-iodoampheta-
mine, technetium-99m hexamethyl propylene amine
oxime, and technetium-99m ethyl cysteinate dimer)
and advances in the quantitative analysis proce-
dures since the mid-1990s, both the CBF at rest and
the CBF under acetazolamide-activation can be
measured quantitatively; these advances in the tech-
niques of SPECT have also enabled assessment of
the hemodynamic severity of cerebral ischemia in
patients with moyamoya disease11) (evidence level
III). In atherothrombotic stroke, stage 2 hemody-
namic cerebral ischemia, defined as Ã80% of the
normal resting CBF and Ã10% of cerebrovascular
reserve [(CBF under acetazolamide-activation/rest-
ing CBF－1) × 100%] as measured by quantitative
SPECT is considered to be equivalent to the misery
perfusion demonstrated by PET. Severity assess-
ment using the same index has also been found to be
useful in moyamoya disease patients, but no direct
comparisons of the indices obtained using the two
examinations have been made. Acetazolamide-acti-
vated SPECT should be performed carefully in
pediatric patients with moyamoya disease assumed
to have severe ischemia, because cerebral ischemia
may deteriorate during the examination.

2–3. Cerebral hemodynamics and outcome
A high recurrence rate in patients with misery

perfusion demonstrated by PET, or stage 2
hemodynamic cerebral ischemia demonstrated by
CBF-SPECT after a cerebral ischemic attack, has al-
ready been identified among patients with
atherothrombotic stroke. For pediatric patients with
moyamoya disease, a high recurrence rate of
cerebral ischemic attacks has also been reported
when the cerebrovascular reserve is markedly
decreased13) (Appendix 1, evidence level IIb). In
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pediatric patients, the outcome is poor in the group
showing inadequate improvement of the cerebrovas-
cular reserve after revascularization, and a high
probability of residual neurological deficit and
recurrent ischemic attacks during the course have
been reported12) (evidence level IIa).

2–4. Indications of cerebral revascularization
based on evaluation of the cerebral hemodynamics

In general, cerebral revascularization (ex-
tracranial-intracranial bypass) is indicated in
patients with misery perfusion (on PET) or stage 2
hemodynamic cerebral ischemia (on CBF-SPECT),
as it can be expected to improve the cerebral perfu-
sion pressure. For moyamoya disease, because the
clinical condition of cerebral ischemia progresses
not only in children but also in adults4) (evidence
level IIa), cerebral revascularization is considered
when CBF-SPECT demonstrates decreased cerebro-
vascular reserve in patients with moyamoya disease
manifesting as cerebral ischemia11) (evidence level
III). Nonetheless, cerebral revascularization can be
delayed until the development of ischemic sym-
ptoms in pediatric patients with only unilateral sym-
ptoms, as long as the cerebral ischemia on the asym-
ptomatic side is not severe9) (evidence level III). In
contrast, even if the cerebrovascular reserve is not
decreased, cerebral revascularization has been per-
formed for preventing rebleeding in patients with
moyamoya disease manifesting as cerebral hemor-
rhage. However, there are practically no studies that
can be used as evidence. Currently, an investigation
of the cerebral hemodynamics is ongoing in the
Japanese Adult Moyamoya (JAM) Trial in adult
patients with moyamoya disease manifesting as
cerebral hemorrhage in Japan7) (evidence level III).

2–5. Cerebral hemodynamics after cerebral
revascularization

Long-term improvement of the cerebral hemody-
namics after cerebral revascularization has been
commonly reported, however, the number of reports
on the improved postoperative outcome is limited12)

(evidence level IIb). A hyperperfusion phenomenon,
with transient deterioration of the neurological sym-
ptoms, has been reported to occur, sometimes imme-
diately after cerebral revascularization in adult
patients with moyamoya disease1) (evidence level
III).

2–6. Cerebral angiographic findings and cerebral
hemodynamics

Evaluation of the cerebral angiographic findings
and cerebral hemodynamics in adult patients with
moyamoya disease manifesting as cerebral ischemia

has revealed that cerebral ischemia is more severe in
patients with a marked increase over a wide extent
of basal moyamoya vessels than in those with less
pronounced formation of moyamoya vessels; thus,
the degree of development of moyamoya vessels as
visualized on cerebral angiograms may well be an
index for assessing the severity of cerebral ische-
mia10) (evidence level III).

2–7. Re-build-up phenomenon on electroen-
cephalogram and cerebral hemodynamics

Electroencephalography performed in pediatric
patients with moyamoya disease manifesting as
cerebral ischemia has revealed the characteristic
finding of the re-build-up phenomenon, assumed to
be associated with a delay in recovery of the cortical
CBF after hyperventilation loading.3) Examination
by CBF-SPECT has revealed a marked decrease in
the cerebrovascular reserve in the region showing
the re-build-up phenomenon and also evident im-
provement of the cerebral hemodynamics in the
region where the re-build-up phenomenon disap-
peared after cerebral revascularization5) (evidence
level III).
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CHAPTER VII: TREATMENT

Surgical Treatment

1. Recommendations
Surgical revascularization is effective for

moyamoya disease manifesting as cerebral ischemic
symptoms (Appendix 1, recommendation grade B).

2. Explanation
2–1. Candidates for surgery

Surgical revascularization for moyamoya disease
patients with cerebral ischemic attacks has been re-
ported to reduce the frequency of TIAs and the risk
of cerebral infarction, and improve the postopera-
tive activities of daily living (ADL) and long-term
prognosis of higher brain functions1,4,9,10,12,13,15,16)

(Appendix 1, evidence level IIb). Improvement of the
cerebral hemodynamics and metabolism has been
reported following revascularization surgery in
patients with hemodynamic compromise, noted on
preoperative evaluation, by SPECT or PET6,10,15)

(evidence level IIb).

2–2. Surgical procedures
In regard to the revascularization procedures for

moyamoya disease, direct revascularizations such as
superficial temporal artery-middle cerebral artery
anastomosis, indirect pial synangiosis such as en-
cephalo-myo-synangiosis, encephalo-duro-arterio-
synangiosis, encephalo-arterio-synangiosis, ence-
phalo-duro-synangiosis, and multiple burr hole sur-
gery have been employed. Both direct and indirect
revascularizations or a combination of these two
types of procedures have been reported to improve
cerebral hemodynamics, ameliorating the severity/
frequency of ischemic attacks, reducing the risk of

cerebral infarction, and improving the postoperative
ADL and long-term prognosis of the higher brain
functions in the patients1,4,6,9,10,12,13,15,16) (evidence
level IIb). The effect of only the indirect procedure is
not very significant in adult patients, but direct
revascularization is often effective.14) In pediatric
patients, surgical revascularization, regardless of
whether direct or indirect revascularization was
performed, has been reported to improve the prog-
nosis7,11) (evidence level IIb).

2–3. Perioperative management
During the perioperative period, the blood pres-

sure should be maintained, normocapnia should be
ensured, and adequate body fluid balance should be
maintained, while paying attention to ischemic com-
plications, including on the non-surgical side8) (evi-
dence level III). When neurological symptoms may
appear during the acute phase after revasculariza-
tion, clinical conditions such as cerebral hyperper-
fusion syndrome should be considered in evaluating
the cerebral hemodynamics2) (evidence level III).

2–4. Postoperative evaluation
Postoperative assessment of improvement of the

CBF and of the cerebrovascular reserve capacity by
PET and/or SPECT is considered to be useful for
evaluating the effect of revascularization.6,10,15) Both
cerebral angiography and MRA have been reported
to be useful for evaluation of development of the by-
pass flow3,5) (evidence level III).
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Medical Treatment

1. Recommendations
Oral administration of antiplatelet agents is

recommended as a medical treatment for moyamoya
disease, however, adequate scientific evidence for
this recommendation is still lacking (Appendix 1,
recommendation grade C1).

2. Explanation
The medical treatment of moyamoya disease is

roughly classified into treatment for the acute phase
of stroke, treatment for preventing recurrence in the
chronic phase of stroke, and treatment of asympto-
matic moyamoya disease.

2–1. Acute phase
Intravenous tissue plasminogen activator (tPA)

therapy is contraindicated for moyamoya disease
manifesting as cerebral ischemia (``Guidelines for
Proper Treatment with Intravenous tPA (Alteplase)
Therapy'' by the Japan Stroke Society).4) In adult
patients with moyamoya disease manifesting as
cerebral infarction, the use of edaravone, a
cerebroprotective agent, and of antithrombotic
drugs such as ozagrel, argatroban, aspirin, and hepa-
rin has been recommended, as specified for the
treatment of atherothrombotic cerebral infarction.5)

Although there is only insufficient evidence, these
drugs are considered to be effective in patients with
cerebral infarction caused by moyamoya disease
(Appendix 1, evidence level III). For patients with
large infarcts causing cerebral edema and in-
tracranial hypertension, glycerol is reportedly effec-
tive (evidence level III). Furthermore, supportive
treatment, such as antipyretics for fever, anticonvul-
sants for convulsions, adequate control of blood su-
gar, oxygen supplementation for maintenance of ar-
terial oxygen saturation, and prophylactic adminis-
tration of antiulcer agents for severe cases, is consi-
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dered to be important in patients in the acute phase
of cerebral infarction in general (evidence level III).
When mechanical ventilatory support is necessary,
the partial pressure of carbon dioxide in the arterial
blood should be kept above 40 mmHg. In regard to
blood pressure control, as in the treatment of other
cerebral infarction, the blood pressure should not be
lowered during the acute phase, as a rule (evidence
level III).

Treatment of moyamoya disease manifesting as
cerebral infarction in children has rarely been
reported. Antiplatelet therapy with aspirin (1 to 5
mg/kg) has been reported to be effective (evidence
level III). Similar to the case in adult patients with
moyamoya disease manifesting as ischemia, ad-
ministration of edaravone, a cerebroprotective
agent, and of ozagrel and argatroban, antithrombot-
ic drugs, can be considered for pediatric patients.
Anticonvulsants should be used for the treatment of
convulsions. The use of aspirin can be considered
while keeping in mind that it may increase the risk
of development of Reye's syndrome in pediatric
patients.1,7)

For adult patients with moyamoya disease
manifesting as bleeding, antihypertensive therapy is
likely to be effective, in accordance with the treat-
ment of cerebral hemorrhage, when the systolic
blood pressure is Æ180 mmHg, diastolic blood pres-
sure is Æ105 mmHg, or the mean blood pressure is
Æ130 mmHg. Any antiplatelets in use should be dis-
continued, any anticoagulant therapy should be im-
mediately stopped, and the use of vitamin K and
blood products (fresh frozen plasma and factor IX
complex) should be considered (evidence level III).

2–2. Prevention of recurrence in the chronic
phase

The indications of surgical treatment for the
prevention of recurrence should be examined first
in patients with moyamoya disease manifesting with
cerebral ischemic attack. Medically, oral adminis-
tration of aspirin is recommended, but attention is
required, because long-term aspirin treatment may
convert the disease type from ischemic to the hemor-
rhagic type (evidence level III). Whether or not regu-
lar follow up for the development of microbleeds us-
ing MRI T2* might be effective for the prevention of
bleeding is a topic that needs to be examined in the
future.2) When patients cannot tolerate aspirin, or
aspirin does not appear to be beneficial for the
ischemic attack, use of clopidogrel, a thienopyridine
drug, is recommended. Clopidogrel also has good
tolerability and safety profiles in children.6)

However, long-term combination of aspirin and
clopidogrel is believed to increase the risk of bleed-

ing complications. Especially, in patients with se-
vere moyamoya disease showing marked cerebral
atrophy, or the moyamoya vessels with weakened
walls are present in abundance, combined use of
two or more antiplatelet agents has been reported to
elevate the risk of cerebral hemorrhage (evidence
level III).6)

Risk factors for stroke should be managed in ac-
cordance with general cases: antihypertensive ther-
apy for hypertension, lipid-lowering therapy for dys-
lipidemia, adequate blood sugar control for diabetes
mellitus, smoking cessation, and weight reduction
advice for obese people. In terms of lifestyle
guidance, hyperventilation often induces the sym-
ptoms of moyamoya disease; therefore, pediatric
patients should avoid hot meals (noodles, soup, etc.),
strenuous exercise, playing wind instruments such
as a flute, and blowing balloons (evidence level III).
In infants, crying also induces symptoms, therefore
crying should be avoided.

2–3. Medical management of asymptomatic
moyamoya disease

Even asymptomatic patients diagnosed as having
moyamoya disease are at an elevated risk of develop-
ing cerebrovascular events during follow up, regard-
less of whether the disease is the ischemic type or
the hemorrhagic type.3) Unlike in quasi-moyamoya
disease with underlying disease (e.g. atherosclerosis
and angiitis), there are no effective procedures for
preventing vascular lesions in patients with
moyamoya disease of unknown cause; therefore,
surgical treatment for the prevention of future
stroke can be considered even in asymptomatic
patients. Medically, the management of risk factors
and lifestyle guidance should be implemented in ac-
cordance with the prevention of recurrence in the
chronic phase (evidence level III). In adults, the use
of antiplatelet agents should not be considered for
asymptomatic patients, because nearly a half of the
patients with moyamoya disease suffer bleeding.
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Treatment for Patients With Moyamoya
Disease Manifesting as Hemorrhage

1. Recommendations
Revascularization can be considered for patients

with hemorrhagic-type moyamoya disease, but ade-
quate scientific evidence is still lacking (Appendix
1, recommendation grade C1).

2. Explanation
Intracranial bleeding in patients with moyamoya

disease is the most significant factor worsening the
survival and functional prognosis of the patients3)

(Appendix 1, evidence level III). Hemorrhage is as-
sumed to be caused by collapse of the dilated vessels
of the collateral circulation (moyamoya vessels), due
to hemodynamic loading and rupture of the
peripheral aneurysms often formed on moyamoya
vessels. The rebleeding rate in patients with hemor-
rhagic-type moyamoya disease is reportedly 7.09%/
year7) (evidence level III).

No treatment policy for the prevention of rebleed-
ing has yet been established. Cerebral angiography
performed after direct revascularization in patients
with moyamoya disease has shown reduction in the
number of moyamoya vessels and/or disappearance
of the peripheral aneurysm4,8) (evidence level III).
Based on the assumption that the hemodynamic
loading on these collateral vessels is reduced, it has
been hypothesized that direct revascularization may
prevent or reduce the incidence of rebleeding. In
patients with ischemic-type moyamoya disease un-
dergoing direct revascularization, the frequency of
conversion to the hemorrhagic type of the disease on
long-term follow up has been reported to be reduced

as compared with that in patients treated conserva-
tively10) (evidence level III).

It has been reported that the rebleeding rate is sig-
nificantly lower in patients with hemorrhagic-type
moyamoya disease undergoing revascularization
procedures as compared with that in patients receiv-
ing only conservative medical treatment5) (evidence
level III); there are other reports suggesting that the
frequency of rebleeding and ischemic attacks is sig-
nificantly decreased after direct revascularization in
patients with hemorrhagic-type moyamoya dis-
ease6,11) (evidence level III). On the other hand, there
are also a number of reports denying the beneficial
effect of revascularization for the prevention of
rebleeding2,12,13) (evidence level III). It has been
reported that the effect of indirect revascularization
on hemorrhagic-type moyamoya disease is inferior
to that on the ischemic type of the disease, and that
neovascularization or a decrease in the number of
moyamoya vessels cannot be achieved in many
cases1) (evidence level III). However, a beneficial ef-
fect of revascularization on the prevention of
cerebrovascular events, including ischemic attacks,
has been reported in patients with hemorrhagic-type
moyamoya disease6); thus, it appears that revas-
cularization may be more effective for hemorrhagic-
type moyamoya disease patients with ischemic at-
tacks.

A randomized, controlled trial (RCT) to demon-
strate the effect of direct revascularization on the
prevention of rebleeding in patients with moyamoya
disease was initiated in Japan in 2001, and is cur-
rently ongoing (JAM Trial)10) (evidence level Ib). The
JAM Trial is a multicenter study in which patients
with hemorrhagic-type moyamoya disease are ran-
domly assigned to a group undergoing direct bilater-
al revascularization of the cerebral hemispheres or a
group administered only conservative medical treat-
ment, and then the patients of both groups are fol-
lowed up for at least 5 years.
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CHAPTER VIII: PROGNOSIS (NATURAL HISTORY)

Pediatric Moyamoya Disease

Episodes of transient cerebral ischemia occur most
frequently a few years after the onset of moyamoya
disease, thereafter the frequency usually decreases.
However, the frequency increases with time after
the disease onset in patients with intellectual distur-
bance and dysfunction, and the severity also de-
teriorates.31) In younger infants, cerebral infarction,
especially cortical infarction, occurs often, and the
presence/absence of cerebral infarction is assumed
to be the most important factor associated with the
functional prognosis.16,20,30) In children, the disease
stage progresses in many patients, but the speed of
progression becomes gradual during puberty.2,3) It
has been reported that during long-term follow up,
unilateral lesions often change to bilateral lesions,
and that TIA arising from the cerebral hemispheres
occurs in 65% of patients who were originally asym-
ptomatic.37) When the disease persists until adult-
hood, the ADL is favorable in only a small number of
patients,12) and intracranial hemorrhage may result
in death in a few patients.2,43)

There are no reported RCTs conducted to exa-
mine the effect of cerebral revascularization.
However, following cerebral revascularization, it is
assumed that the TIAs would decrease in frequency

or disappear altogether, that recurrent cerebral in-
farction would be quite rare regardless of the surgi-
cal procedure employed, and that the functional
prognosis would be better as compared with that in
untreated patients.1,5,9,14,16,26,27,34,35,40,41) Cerebral re-
vascularization has been shown to result in a
reduced frequency/severity of headache, but it has
also been reported that even after surgery, irrespec-
tive of the improvement of the cerebral circulatory
dynamics, headache may persist or even appear
anew.32,42) Higher brain functions are also an im-
portant factor influencing the prognosis, and
decrease in the intelligence quotient often becomes
evident 5 years or more after the disease onset.11)

Cerebral revascularization is believed to improve
the intellectual prognosis.33)

Adult Moyamoya Disease

A higher recurrence rate of cerebrovascular events
and a poorer prognosis have been reported in adult
patients with untreated moyamoya disease than in
those undergoing surgical treatment, regardless of
the disease type manifested at the initial attack.6,7) As
for the case of pediatric patients, cerebral revas-
cularization should be considered.

In recent years, disease progression has been
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found to be more frequent than previously assu-
med.8,10,17,18) Irrespective of the symptomatic/asy-
mptomatic status of the patients or of a definitive/
probable diagnosis, disease progression has been
reported to occur in approximately 20% of the cases
in the non-surgically treated hemisphere, and
TIA/cerebral infarction or intracranial hemorrhage
has been reported to occur in about half of the cases.
Disease progression is known to be more likely to
occur in women.29) With regard to the complications
during pregnancy and delivery in women with
moyamoya disease, serious stroke events, such as
intracranial hemorrhage, have been reported to
occur occasionally. Evidence-based management
policies have not yet been established. Rigorous
management during pregnancy, delivery, and puer-
perium in an environment of active collaboration
between the obstetrician and neurosurgeon is
recommended.24,44)

1. Adult ischemic-type moyamoya disease
As for the case of children with the disease, there

are no RCTs conducted to examine the efficacy of
cerebral revascularization in adult patients with
moyamoya disease. A marked decrease in the fre-
quency of TIA and cerebral infarction has been
reported after cerebral revascularization. Nonethe-
less, intracranial hemorrhage and cerebral infarc-
tion attributable to disease progression in the non-
surgically treated hemisphere may occur in a few
patients during the follow-up period; therefore, long-
term follow up is believed to be important after sur-
gery for ensuring that a good prognosis is main-
tained.19,23,26,39,45)

2. Adult hemorrhagic-type moyamoya disease
The estimated mortality of patients presenting

with intracranial hemorrhage at the initial attack
ranges from 6.8% to 20%. Rebleeding worsens the
functional prognosis and increases the mortali-
ty.21,47) Rebleeding may occur at the same site as that
in the initial episode, or at a different site.15)

It has been reported that following conservative
treatment, rebleeding may occur 2 to 20 years after
the initial bleeding in 30% to 65% of the patients,
and that the incidence tends to increase with in-
creasing duration of the follow-up period.4,21,22,36,47)

The risk of rebleeding is reportedly higher in
patients with abnormal dilation of the anterior
choroidal artery or posterior communicating artery
branches.13,36) The disappearance of aneurysms
formed in moyamoya vessels after cerebral revas-
cularization has also been reported.28)

The effect of revascularization on the prevention
of rebleeding is unknown at present. However, long-

term follow up is considered to be essential, regard-
less of whether or not a patient has been treated by
cerebral revascularization.

Asymptomatic Moyamoya Disease

In recent years, with the advances and spread of
non-invasive diagnostic imaging, the number of
patients diagnosed as having moyamoya disease
even before the onset of symptoms has been grow-
ing. A recent follow-up investigation by the
Research Committee revealed that the disease
progresses with age, and that as many as 20% and
40% of patients with cerebral infarction and
cerebral circulatory disturbance, respectively, are at
high risk for cerebral ischemia.25)

The prognosis of asymptomatic moyamoya dis-
ease remains unknown for the most part. According
to a previous report, 4 of 33 patients developed TIA,
and 2 patients died of intracranial hemorrhage,46)

and 1 of 10 patients developed cerebral infarction
with the progression of the disease.38) In a recent
follow-up investigation, the disease progressed in 5
of 34 untreated patients, and the risks of cerebral in-
farction and intracranial hemorrhage were reported
to be 3.2%/year. While cerebral infarction occurred
more frequently in patients found to have cerebral
ischemia on medical examination, no cerebrovascu-
lar events reportedly occurred in 6 patients who un-
derwent cerebral revascularization.25) Therefore,
patients with asymptomatic moyamoya disease are
also considered to be potentially at risk for
cerebrovascular events. When the disease is conser-
vatively followed up, careful long-term observation
of the course using MRI/MRA is considered to be
necessary.
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Appendix 1: Classification of Evidence Levels and Recommendation Grades in the Guidelines

Classification of evidence levels in the Guidelines

Evidence
level Contents

Ia meta-analysis of RCTs (results of RCTs are
practically consistent)

Ib RCT
IIa well-designed controlled study (non-randomized)
IIb well-designed quasi-experimental study
III well-designed non-experimental, descriptive study

(comparison/correlation/case study)
IV report/comments/experience of specialists

This classification is according to that adopted in the
``2004 Guidelines for Stroke Treatment'' by the Japan
Stroke Society. RCT: randomized, controlled trial.

Classification of recommendation grades in the Guide-
lines

Recommendation
grade Contents

A strongly recommended
B recommended
C1 can be considered, but adequate scientific

rationale lacking
C2 not recommendable because of absence of

scientific rationale
D not recommended
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Appendix 2: Precautions for the Use of the Guidelines

(1) The clinical condition needs to be assessed in individual patients, and the Guidelines are not uniformly applicable to
all individual patients. Therefore, the judgment of the treating physician who most accurately understands the
patient's clinical condition should be afforded priority in the management of patients with moyamoya disease.

(2) The Guidelines should not be referred to without careful consideration, used as data for evaluation of medical exami-
nations, or for medical accidents or lawsuits. Attention should be paid to the fact that the Guidelines include drugs not
approved or therapies not authorized in Japan and drugs used for purposes other than the original intent.

(3) The number of patients is small and the cause of moyamoya disease is still unknown. Therefore, there are many
aspects of the disease that still remain unresolved and for which adequate amounts of evidence have not yet been col-
lected. Therefore, it must be borne in mind while using the Guidelines that there may be many inaccuracies and that
the contents may not always necessarily be up to date or the current best practice.
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