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CHAPTER |. CONCEPTS OF THE DISEASE

1. Concepts of the Disease

The characteristics of moyamoya disease (spontaneous
occlusion of the circle of  Willis, cerebrovascular
“moyamoya” disease) on cerebral angiograph y were
reported for the first time in 1957", and the concept of
moyamoya disease as a separate disease entity was
established in the 19607 s*®. Pathologically, moyamoya
disease is characterized by chronic progressive stenosis
of the terminal portion of the internal carotid arteries
bilaterally, which leads to the formation of an abnormal
vascular network composed 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 appearance
of these collateral vessels on cerebral angiograms’.).
Eventually, with bilateral internal carotid occlusion, the
moyamoya vessels at the base of the brain derived from
the internal carotid arteries disappear, and the entire brain
is perfused by the external carotid system and the
vertebral-basilar system>”). This disease is included in the
list of diseases for Research on Measures for Intractable
Diseases and the Specified Disease Treatment Research
Program specified by the Ministry of Health, Labour and
Welfare. Currently, the diagnostic criteria for moyamoya
disease (spontaneous occlusion of the circle of Willis)

laid down by the research committee are as follows®.

2. Diagnostic Criteria®

(1)  Cerebral angiography is considered essential for
the diagnosis, and must show at least the following
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 arterial 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 terminal
portion of the intracranial internal carotid artery or
proximal portions of the anterior and/or the middle
cerebral artery.

(il) 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 representing an
abnormal vascular network.

(iii) Bilaterality of findings (i) and (ii).

(3) Moyamoya disease is an illness of unknown
etiology. The differential diagnosis of this disease
includes similar cerebrovascular lesions associated
with the following underlying diseases , which
should, therefore, be excluded: (i) atherosclerosis,
(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 references
for the diagnosis

(1) 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; wusually bilateral. Occasionally, lipid
deposits are also present in the thickened intima.

(ii) Arteries such as the anterior, middle and posterior
cerebral arteries composing the circle of Willis
occasionally show varying degrees of stenosis or
occlusion associated with fibrocellular thickening
of the intima, waviness of the internal elastic
lamina, and thinning of the media.

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

(iv) The pia mater may also show
conglomerates of small vessels.

reticular

3. Diagnostic Assessment

The condition should be classified as mentioned below
based on items 2. (1) to (4). When autopsy is performed
in the absence of cerebral angiography, the condition
should be diagnosed based on the criteria in item (4).

Definitive moyamoya disease: All the 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
a visible stenosis around the terminal portion of the
internal carotid arteries on the other side are sufficient for
a definitive diagnosis.

Probable case: All criteria fulfilled except item (1) (iii)
and/or item (2)(iii) among the criteria of (1) or (2) and (3).
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CHAPTERIII.

Moyamoya disease (spontaneous occlusio n 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 Kudo " in the
early 1970%s and an evaluation in 518 patients conducted
by Mizukawa, et al?. 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®.

In addition to accumulation of cases in the database at
the committee members® institutions, three large-scale
national epidemiological surveys have been conducted in
1984, 1990 and 1994.

1. Number of Patients/ Male-to-Female Ratio

Ina national epidemiological survey conducted by Wakai,
et al.¥ in 1994, approximately 3,900 people were
estlmated to be suffering from moyamoya disease (To be
more precise, this was the number of patients that was
examined). It affects 3.16 people per 100,000 persons,
and occurs at an incidence of 0.35 people per 100,000
population. According to the “number of patients having a
certificate for medical care for specified (intractable)
disease: Occlusive disease in circle of Willis,” the
number of patients with moyamoya disease markedly
increased from 5,227 patients in 1994 to 10,812 patients
in 2005. If a national survey were conducted 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 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 the MRA findings alone.
The male:female ratio reported from various studies is

nearly consistent™, 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®.

2. Age of Onset

The 1994 national survey and 2006 database evaluation

showed a similar trend in relation to the age at onset of
moyamoya disease: a bimodal peak consisting of a major
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Figure 1. Age of Onset”

peak in the first decade of life and a moderate peak in the
late 20*s to 30“s (Figure 1). However, a recent report has
indicated a higher age as compared with that mentioned
above as the peak age at onset®.

3. Age of Onset by the Disease Type of the
Initial Attack

The various disease types by which the initial attack can
manifest are presented in detail in CHAPTER IV
“SYMPTOMS.” The 2006 database evaluation has
reported a unimodal peak age at onset in the late 20*s for
initial attacks of the hemorrhagic type, but a bimodal
peak for initial attacks of other disease types (Figure 2).
However, according to another report, the peak age range
of onset for initial attacks of the hemorrhagic type is the
Sth to 6th decade of life (CHAPTER 1V, Figure 1).

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

Ikeda, et al. 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 (asymptomati ¢) population. In an
epidemiolggical survey conducted by Baba, et al. in
Hokkaido , 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 moyamoya disease (asymptomatic or only
minor symptoms).

OEpilepsy [JHeadace [JCerebral hemorhage [fercbral infarction [ |

Figure 2. Age of Onset by Disease Type of the
Initial Attack *

5. Distribution of Moyamoya Disease in the
World

Goto, et al.” accumulated papers published between 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
subjects. The 1990 national survey reported an estimated
3,000 Japanese patients. Even allowing for a difference in
the rate of recognition of the disease, moyamoya disease
appears to be a common 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.” also reported 451
patients from 29 institutions in South Korea in a 1995
survey.
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CHAPTER I11. PATHOLOGY/ ETIOLOGY

1. Pathology

The main finding at autopsy is stenosis or occlusion of the
terminal portion of the internal carotid arteries. Moyamoya
vessels are assumed to represent collateral circulation
developed for compensating the cerebral ischemia occurring
due to stenosis. In the early stage of the disease (Stage I
according to Suzuki‘s classification), moyamoya vessels are
practically not noted. 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 internal 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 lumen. These are the
processes assumed to be involved in the formation of the
occlusive lesions".

These changes noted in the terminal portion of the internal
carotid arteries suggest the possibility of their also occurring in
the systemic arteries”. 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 TGF-[ and growth factors such as bFGF and HGF have
also been implicated”.

Genetic factors are also considered to be closely involved;
however, because penetrance is incomplete and depends on the
age, accumulation of the effects of genetic factors is believed to
induce vascular smooth muscle cell death and proliferation®.

2. Familial Moyamoya Disease

Both familial moyamoya disease, referring to the accumulation
of affected patients among relatives, and sporadic moyamoya
disease, where no affected person is identified among relatives,
have been reported. Familial moyamoya disease has been
reported to account for approximately 10% of all cases of
moyamoya disease”. 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 increasing®.

3. Genetic Factors

For familial moyamoya disease, gene loci have been identified
in 3p24-p26” and 8q23" in a genomewide analysis, and in 6¢25
(D6S441)” and 17q25'” 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 autosomal dominant inheritance pattern”, and a
significant linkage to 17q25.3 has been noted in these
families'".

At present, it is thought that the responsible genes are present
in multiple gene loci, representing locus heterogeneity.

Cases of unilateral moyamoya disease progressing to
bilateral moyamoya disease,'” 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
lesions, established based on the same genetic susceptibility has
been suggested for familial moyamoya disease'”. In addition,
familial moyamoya disease is an autosomal dominantly
inherited disease with incomplete penetrance, and various
stages of the disease are noted in the same family. Consequently,
interactions between genetic factors and aging or environmental
factors are assumed to be necessary for the development of the
disease.
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CHAPTER IV. SYMPTOMS

(1) Disease type manifested at the initial
attack

Moyamoya disease may occur at any age from
childhood to adulthood. In general, it often manifests
with cerebral ischemic symptoms in children and with
intracranial hemorrhage symptoms in addition to
ischemic symptoms in adults. The distribution of the
age of development of the ischemic type and
hemorrhagic type of moyamoya disease in 1,127
definitive moyamoya disease patients registered in the
national survey conducted by the Research Committee
on moyamoya disease until 2000 is illustrated in
Figure 1. 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 attacks
which are 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 st age® or
with only the complaint of headache * have been
reported.

(n)
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Figure 1. Age of onset of ischemic-type and
hemorrhagic-type moyamoya disease (n =
1127)

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,”
“frequent 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°.
The data belong mainly to patients from medical
institutions to which the committee members belong ed.
In a complete survey in Hokkaido, the frequency of the
asymptomatic-type has been reported to have increased

further, and the percentage of adult patients has also
been suggested to have possibly increased as compared
with the figure reported previously®’.

Table 1. Disease type manifested at the initial attack (n
=962)

Disease type manifested at
the initial attack

TIA 353 (37%)

No. of patients

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%)

Table 2. Initial symptom (n = 1127)

.- Hemorrhagic- Ischemic-
Initial symptom type type
Muscle
. 58.6% 79.8%*
Consciousness
e 70.4%* 14.1%
Headache 64.6%* 18.8%
Seizure 8.5% 8.0%
Psychiatric
ot 8.7% 2.5%
Speech disorder 24.5% 20.1%
Sensory 18.4% 19.3%
disturbance e =70
Involuntary
it 3.3% 3.0%
Intellectua 5 39 6.2%
disturbance =0 o0
Visual
. . 2.0% 3.2%
impairment
Visual field
defect 3.9% 5.0%
= Significantly more frequent as compared with the others
(p < 0.05).

(2) Frequency of each symptom

The frequency of each initial symptom in the 1,127
definitive moyamoya disease patients registered until
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 attack. For
both  types, muscle weakness, consciousness
disturbance, headache, speech disorder, and sensory
disturbance were the most frequent, however, the
incidence of consciousness disturbance and headache
was higher and the incidence of muscle weakness
lower for patients with the hemorrhagic-type than for
the ischemic-type initial attacks (p < 0.01)".

(3) 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 initially with
cerebral ischemic symptoms, particularly after
hyperventilation caused by strenuous exercise, crying,
harmonica playing, and eating a hot meal. Symptoms
such as cataplexy (quadriplegia, hemiplegia and
monoplegia), sensory disturbance, consciousness
disturbance, seizure and headache occur in a
paroxysmal and recurrent manner. The symptoms
always appear on the same side in many patients, but
occasionally, the affected side interchanges between
the right and left sides. In addition, some patients
develop involuntary movements such as chorea ® and
limb shaking. Such cerebral ischemia attacks may
persist or resolve. In patients with repeated cerebral
ischemia attacks, cerebral atrophy occurs, leading to
mental dysfunction or diminished intelligence ), or
sequelac of cerebral infarction may remain. In
moyamoya disease, the posterior cerebral arteries often
remain patent until the advanced stage of the disease *),
however, in some patients, posterior cerebral artery
disorder may result in visual impairment or visual field
defect”. In pediatric patients, particularly those aged
less than 5 years old, intracranial 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 (intraventricular,
subarachnoid space or intracerebral hemorrhage),
causing symptoms such as consciousness disturbance,
headache, muscle weakness and speech disorder,
according to the site of hemorrhage. Intracranial
hemorrhage is often small intraventricular hemorrhage
so that the symptoms may abate, however, it may also
cause fixed neurological deficits or progress to a more
serious condition 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, resulting in permanent
impairment in many cases.

As previously described, with the recent widespread
availability of MRI, an increasing number 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

1. 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 anterior
and/or middle cerebral arteries accompanied by an
abnormal vascular network detected in association 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 disease”
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 considered as
probable moyamoya disease and be differentiated from
quasi-moyamoya disease.

2) Supplemental notes

The following illnesses have been reported as underlying
diseases: atherosclerosis, autoimmune disease (systemic
lupus erythematosus (SLE), antiphospholipid antibody
syndrome, periarteritis nodosa, and Sjogren™s syndrome),
meningitis, von Recklinghausen®s disease, brain tumors,

Down*s syndrome, head injury, irradiation,
hyperthyroidism, stenocephaly, Turners syndrome,
Alagille”s syndrome, William*s syndrome, Noonan‘s
syndrome, Marfan“s syndrome, tuberous sclerosis,

Hirschsprung™s disease, glycogen storage disease type I,
Prader-Willi syndrome, Wilms tumor, primary oxalosis,
sickle cell disease, Fanconi“s anemia, spherocytosis,
eosinophilic granuloma, type II plasminogen deficiency,
leptospirosis, pyruvate kinase deficiency, protein
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 congenital disease
is frequent in children, while that with acquired
underlying disease is common in adults ¥ . It may
manifest as epilepsy or headache, or be asymptomatic'?.
Co-presence of symptoms associated with mental
retardation due to underlying disease and those associated
with cerebrovascular disorder results in a complicated
clinical condition".

Cerebral angiographic findings vary widely from those
very similar to definitive moyamoya disease to rather
different, such as atherosclerotic lesions ', In a study of
quasi-moyamoya disease  associated  with von
Recklinghausen disease, unilateral lesions were noted in
30% of the cases’. In quasi-moyamoya disease after
irradiation, the affected arteries were enhanced by a
contrast agent, whereas no significant contrast
enhancement was noted in patients with definitive

. 4 . .
moyamoya disease”. In moyamoya disease associated

with irradiation, collateral circulation involving the
external carotid arteries is well developed®. Pathological
findings also vary according to the underlying disease. In
quasi-moyamoya disease concurrently associated with
von Recklinghausen®s disease, inflammatory cell
infiltration is noted in the lesions. The findings of quasi-
moyamoya disease secondary to meningitis were similar
to those of definitive moyamoya disease® .

The treatment of quasi-moyamoya disease is like that
of definitive moyamoya disease. For quasi-moyamoya
disease associated with hormonal abnormalities, such as
hyperthyroidism, or with autoimmune disorder, correction
of the hormonal abnormality and immunos uppressive
therapy, respectively, are reported to be effective 7. For
quasi-moyamoya disease  associated with  von
Recklinghausen®*s  disease, Down®s syndrome or
irradiation, revascularization (direct and indirect) has
been demonstrated to be effective® *'*. The effect of
revascularization on the prevention of rebleeding in
patients with quasi-moyamoya disease has not yet been
clarified. In quasi-moyamoya disease, unilateral
involvement may progress to bilateral disease'’. The
nature of the underlying diseases influences the prognosis
of patients with quasi-moyamoya disease'.
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