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Cerebral Microbleeds in Patients with Moyamoya-like
Vessels Secondary to Atherosclerosis

Makiko Tanaka, Manabu Sakaguchi, Kaori Miwa and Kazuo Kitagawa

Abstract

Objective Hemorrhagic risk is unknown in patients with moyamoya-like vessels associated with atheroscle-
rotic intracranial cerebral artery occlusion. This study was undertaken to investigate the association between
moyamoya-like vessels and cerebral microbleeds (CMBs) in patients with atherosclerotic steno-occlusive dis-
ease.

Methods The study population comprised 34 patients with steno-occlusive lesions in the intracranial cere-
bral artery caused by atherosclerosis. We evaluated the presence of moyamoya-like vessels at the base of the
brain by cerebral angiography, and the presence of CMBs by T2*-weighted MRI. Patients were divided into
2 groups: those with and those without moyamoya-like vessels; clinical histories and the incidence of CMBs
were compared between the groups.

Results Sixteen patients had moyamoya-like vessels. Twelve of 16 patients with moyamoya-like vessels had
a history of ischemic stroke or transient ischemic attack, whereas only 1 patient had a history of symptomatic
cerebral hemorrhage. The incidence of CMBs did not differ between the 2 groups (31% vs. 28%, p=0.82).
The location of CMBs varied and was not associated with the site of moyamoya-like vessels.

Conclusion CMBs were not associated with moyamoya-like vessels in patients with atherosclerotic cerebral
artery occlusion. These patients may not have a high risk of cerebral hemorrhage.

Key words: atherosclerosis, cerebral microbleeds, moyamoya phenomenon, magnetic resonance imaging, in-

tracranial hemorrhage

(Intern Med 51: 167-172, 2012)
(DOI: 10.2169/internalmedicine.51.6429)

Introduction

Moyamoya disease is characterized by chronic, progres-
sive, bilateral stenosis of the terminal portion of the internal
carotid arteries or its proximal branches, with no known
cause, and it leads to the formation of an abnormal vascular
network composed of collateral pathways (moyamoya ves-
sels) at the base of the brain (1, 2). In adult patients,
moyamoya disease frequently manifests with sudden-onset
intracranial hemorrhage (3, 4). Hemorrhage is assumed to be
the result of the collapse of fragile moyamoya vessels by
hemodynamic loading and rupture of the peripheral aneu-
rysms that are often formed on moyamoya vessels (5). Sev-
eral studies showed that the incidence of cerebral mi-
crobleeds (CMBs) in adult patients with moyamoya disease,

as detected by gradient-recalled echo (GRE) T2*-weighted
magnetic resonance imaging (MRI), is higher than that in
healthy individuals, indicating that multiple CMBs are a pre-
dictor of subsequent hemorrhage in these patients (6-8).

Moyamoya-like vessels, which also mean abnormal vascu-
lar networks at the base of the brain, are associated with
cerebrovascular steno-occlusive disease caused by athero-
sclerosis and this condition is distinguished from moyamoya
disease (9-11). The risk of intracranial hemorrhage in pa-
tients with moyamoya-like vessels secondary to atheroscle-
rosis is unknown, although these patients frequently receive
antithrombotic agents. The aim of this study was to investi-
gate the association between basal moyamoya-like vessels
and CMBs in patients with intracranial cerebral artery occlu-
sion by atherosclerosis.
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Table 1. Clinical History of the Patients (n=34)
Age (years), mean + SD 61.4x11.1
Sex (M/F, N) 22/12
Hypertension, N 29
Diabetes, N 13
Dyslipidemia, N 27
Current smoking, N 9
Stroke or TIA, N 27
Occlusive vascular lesion

Middle cerebral artery 29
Anterior cerebral artery 8
Carotid siphon 6

TIA; transient ischemic attack

Materials and Methods

Patients

In all, 62 patients with intracranial steno-occlusive arter-
ies, and with less than 50% stenosis in the extracranial ca-
rotid arteries, underwent cerebral digital subtraction angiog-
raphy for clinical assessment of the cerebral artery, between
March 2000 and June 2010 at our department. All patients
had 1 or more intracranial arterial stenosis=75% or occlu-
sion. T2*-weighted GRE MRI data were available for 51 of
the 62 patients. Given our focus on moyamoya phenomenon
caused by atherosclerosis, we excluded patients with cere-
brovascular occlusion of unknown origin, including patients
with moyamoya disease or suspected moyamoya disease (n=
12), patients with cerebral angiitis (n=1), and patients with
other autoimmune disease (n=2). Patients who had under-
gone extracranial-to-intracranial arterial bypass surgery (n=
2) were also excluded. The remaining 34 patients (22 men
and 12 women, 38-74 years old) were included in the study.
The cause of the intracranial stenosis or occlusion was clini-
cally presumed to be atherosclerotic in all patients, based on
the clinical manifestation, the presence of atherosclerotic
cerebrovascular changes in other areas, and 1 or more athe-
rosclerotic risk factors. Most of the patients had steno-
occlusive lesions in the stem of the middle cerebral artery
(Table 1); some patients had more than 1 steno-occlusive le-
sion. The study group included 27 symptomatic and 7 as-
ymptomatic patients. The symptomatic patients had a history
of transient ischemic attack (n=8), minor ischemic stroke
(n=18), or intracranial hemorrhage (n=1). In the asympto-
matic patients, including those who had non-focal symptoms
such as dizziness or headache, the stenotic lesions were de-
tected incidentally by MR angiography. We evaluated their
angiographic and MRI data, and their clinical histories. All
study protocols were approved by the Ethics Committee for
Clinical Research in our institute.

Imaging

All patients underwent digital subtraction angiography for
clinical purposes. Angiographic information included the site
of steno-occlusive lesion and the presence of moyamoya-like
vessels on the side of the occluded artery (Fig. 1). The pres-

DOI: 10.2169/internalmedicine.51.6429

ence of moyamoya-like vessels at the base of the brain was
assessed by 2 investigators in the arterial phase images.

All MR examinations were performed on a 1.5 T imager
(Signa, GE Healthcare, Milwaukee, WI) with a commer-
cially available head coil. The subject was supine, with the
neck and head in the neutral position. Axial T2*-weighted
GRE sequences were obtained (repetition time / echo time,
600 / 20 ms; flip angle, 20°; matrix, 256x256; field of view,
220 mmy; slice thickness, 5 mm). At the same time, axial T
1-weighted sequences and axial T2-weighted sequences were
acquired to distinguish CMBs from the signal voids of cere-
bral arteries and from other mass lesions with hemorrhage,
such as cavernous angiomas. Fluid-attenuated inversion re-
covery sequences were acquired to evaluate subcortical and
deep white matter lesions.

CMBs were defined as homogeneous, round, hypointense
lesions (<10 mm in diameter) in the brain parenchyma on
GRE MRI (12). Macrobleeds were distinguished from mi-
crobleeds, i.e., lesions with a diameter of =10 mm on GRE
MRI were distinguished as macrobleeds. Hypointense le-
sions within the subarachnoid space, and areas of symmetri-
cal hypointensity in the globus pallidus on GRE, were con-
sidered to represent adjacent pial blood vessels or calcifica-
tions, and were excluded. The presence and location of
CMBs were assessed independently by 2 trained observers
blinded to all clinical information about the subjects. When
results differed between the evaluators, the decision was
made after consulting a third evaluator.

Subcortical and deep white-matter lesions were evaluated
using a rating scale (0-3) devised by Fazekas et al, and were
defined as positive when the white-matter lesions were
scored as 2 or 3 (13).

Statistical analyses

All analyses were performed with JMP 8.0.2 (SAS Insti-
tute Inc., Cary, NC). Based on the presence or absence of
basal moyamoya-like vessels, the patients were classified
into 2 groups. The presence of CMBs, presence of white-
matter lesions, and clinical histories were compared between
the groups. The patients were also divided into 2 groups ac-
cording to the presence or absence of CMBs, and clinical
variables were compared between the groups. We used
Mann-Whitney’s U test for continuous data and the ¥’ test -
for categorical data. Fisher’s exact test (2-tailed) was used in
place of the ’ test for categorical data when the number of
cells was less than 5. Probability values<0.05 were consid-
ered significant.

Results

Of the 34 patients, 16 patients had moyamoya-like ves-
sels. Twelve of 16 (75%) patients with moyamoya-like ves-
sels and 14 of 18 (78%) patients without moyamoya-like
vessels had a history of ischemic stroke or transient
ischemic attack. Only 1 patient with moyamoya-like vessels
had a history of symptomatic cerebral hemorrhage (Table 2).
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Figure 1. Representative angiographic images in patients with and without moyamoya-like ves-
sels. A; anteroposterior image of a patient with right middle cerebral artery occlusion. No apparent
moyamoya-like vessels at the base of the brain are visualized. B; anteroposterior image of a patient
with moyamoya-like vessels. The arrows indicate moyamoya-like vessels at the base of the brain.

Table 2. Stroke Subtypes of Patients with and without Moyamoya-like
Vessels
Moyamoya-like vessels (+)  Moyamoya-like vessels (-)
n=16 n=18
Atherothrombotic 6 10
Lacunar 1 1
Transient ischemic attack 5 3
Cerebral hemorrhage 1 0
Asymptomatic 3 4

Table 3. Clinical Histories of Patients with and without Moy-

amoya-like Vessels

Moyamoya-like

Moyamoya-like p

vessels (+) vessels (-)

n=16 n=18
N 16 18
Age (years), mean + SD 642+79 58.8+13.0 0.39
Male, % 50.0 77.8 0.09
Cerebral microbleeds, % 31.3 27.8 0.82
Hypertension, % 87.5 83.3 1.00
Diabetes, % 31.3 444 041
Dyslipidemia, % 87.5 722 0.41
Current smoking, % 12.5 38.9 0.13
Ischemic heart disease, %  31.3 5.6 0.08
Stroke or TIA, % 81.3 77.8 1.00
Antithrombotic drugs, % 75.0 83.3 0.68

TIA; transient ischemic attack

Ten patients had CMBs, 1 had asymptomatic cerebral
macrobleeds, and 1 had symptomatic bleeding. The inci-
dence of asymptomatic CMBs did not differ between pa-
tients with and without moyamoya-like vessels (31% vs.
28%, p=0.82). The patients with moyamoya-like vessels in-
cluded a higher proportion of women (p=0.09) and patients
with ischemic heart disease (p=0.08) (Table 3). Meanwhile,
the presence of white-matter lesions appeared to be related
to the presence of CMBs. Other clinical factors were not as-

sociated with the presence of CMBs (Table 4).

Table 5 shows the location and number of CMBs or mac-
robleeds and angiographic findings in each patient. In the
group with moyamoya-like vessels, two patients had CMBs
located close to the moyamoya-like vessels (Patient 2 and
Patient 4) and the others had CMBs away from the
moyamoya-like vessels.
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Table 4. Variables Relevant to Cerebral Microbleeds

CMB(+) CMB(-) p

N 10 24

Age 61.7+13.5 61.3+10.3 0.64
Male, % 70.0 62.5 1.00
Hypertension, % 80.0 87.5 0.62
Diabetes, % 50.0 333 0.36
Dyslipidemia, % 90.0 75.0 0.64
Current smoking, % 20.0 29.2 0.69
Ischemic heart disease, % 20.0 16.7 1.00
Stroke or TIA, % 80.0 79.2 1.00
Antithrombotic drugs, % 70.0 83.3 0.39
Deep white matter lesion, % 60.0 292 0.13
Moyamoya-like vessels, % 50.0 45.8 0.82

CMB, cerebral microbleed; TIA, transient ischemic attack

Table 5. Number and Location of Cerebral Microbleeds/Macrobleeds and An-

giographic Findings
No. Ageandsex _Cerebral microbleeds and macrobleeds Angiographic
Location Total number findings
Moyamoya-like vessels (+)
1 65 M Bil thalamus 2 RM10O,LA2S, R
basal MM
2 70 F R putamen 1 RMIO,RA2S, R
basal MM
3 72M R temporal subcortex 1 RM10, R basal MM
4 73 M L frontal cortex 1 Bil carotid siphon O,
Bil expansive MM
5 69M R temporal subcortex 1 LM10O, L carotid
siphon S, L basal
MM
6 50 M R frontal subcortex (30 mm, 1 R M1 O, R basal MM
symptomatic)
Moyamoya-like vessels (-)
7 62 M L thalamus, L para lateral 2 LM10O
ventricle
8 55 M Pons, Bil thalamus, putamen, 14 LM1S,LA1O
and corona radiata
9 74 F R parieto-occipital subcortex, 2 RM1S
R thalamus
10 58M L thalamus, L putamen 3 LMIS LALS
11 39F Bil thalamus 2 LM1S
12 72M L caudate nucleus (15 mm, 1 LM10O
asymptomatic)

M; male, F; female, R; right, L; left, Bil; bilateral, O; occlusion, S; stenosis, MM;

moyamoya-like vessels

Discussion

CMBs have a prevalence of 5.7% and are observed more
frequently with advancing age (14). The Rotterdam Scan
Study determined that the prevalence of CMBs was 17.8%
in the general population aged 60-69 years and 38.3% in
those over 80 years old (15). The prevalence of CMBs is
also much higher in patients with ischemic stroke than in
the healthy population (34% vs. 5%) (16). CMBs are par-
ticularly associated with hypertensive small vessel diseases.
Among the stroke subtypes, the incidence of CMBs is sig-

nificantly greater in patients with intracerebral hemorrhage
and patients with lacunar infarction than in patients with
cardioembolic infarction, patients with atherothrombotic in-
farction, or healthy individuals (17). The prevalence of
CMBs was 29.4% in our subjects. The subjects of the pre-
sent study had a mean age of 61.4 years, and most had a
history of ischemic stroke or transient ischemic attack. The
prevalence of CMBs was not high compared to the reported
prevalence in elderly patients with ischemic stroke.

CMBs are also detected in patients with adult moyamoya
disease. The reported prevalence of CMBs was 15-44% and
it varied according to MRI resolution (6, 7). However, the
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mean age of those subjects was in the early 40s, indicating
that those subjects were much younger than most patients
with hypertensive small vessel diseases. According to the
histopathological findings, fragile moyamoya vessels were
indicated to be the cause of CMBs (18). Moreover, multiple
CMBs in adult moyamoya disease were reported to be a risk
factor for subsequent intracranial hemorrhage (8). CMBs can
be considered a marker for the risk of intracranial hemor-
rhage in moyamoya disease.

We showed here that CMBs were not associated with the
site of basal moyamoya-like vessels caused by atheroscle-
rotic steno-occlusive cerebral arteries, and that the preva-
lence of CMBs did not differ in patients with moyamoya-
like vessels and patients without moyamoya-like vessels.
CMBs in our patients were presumed to represent the mi-
croangiopathy ordinarily caused by atherosclerosis, and its
pathology may not be the same as that of CMBs in adult
moyamoya disease.

In our subjects, the history of symptomatic cerebral hem-
orrhage was scarce, but the prevalence of ischemic events
was high. In the previous reports of patients with
moyamoya-like vasculopathy from atherosclerotic occlusive
disease, most patients presented with cerebral ischemia and
cerebral hemorrhage was rare (10, 11, 19-21). Moyamoya-
like vessels may be less likely to be associated with the risk
of cerebral hemorrhage in atherosclerotic occlusive disease
than in adult moyamoya disease. Medical therapies are not
effective for moyamoya disease. The frequencies of ischemic
and hemorrhagic stroke are both high in adults whose
moyamoya disease is treated conservatively (22-24). How-
ever, patients with atherosclerotic intracranial occlusive ar-
tery should receive antithrombotic treatment on the basis of
individual hemorrhagic risks despite the presence of
moyamoya-like vessels.

The reason for the differing hemorrhagic risk between
adult moyamoya disease and moyamoya phenomenon secon-
dary to atherosclerosis is not clear. Differing features of
these 2 diseases are the site of the occlusive major cerebral
arteries and the age at onset. Collateral vessels, including
extensive moyamoya vessels, develop alongside progressive
occlusive changes in the terminal portion of the internal ca-
rotid arteries in adult moyamoya disease. Moyamoya phe-
nomenon secondary to atherosclerosis, however, is often as-
sociated with occlusion in the intracranial branch vessels,
such as the stems of the middle cerebral artery and the ante-
rior cerebral artery without including the internal carotid ar-
teries (25). The extent of the collateral vessels is restricted
in these cases. The degree of proliferation of basal
moyamoya vessels may therefore be associated with hemor-
rhagic risk. In addition, the anterior choroidal and posterior
communicating arteries are hemodynamically overloaded
with occlusion at the terminal portion of the internal carotid
artery. Dilatation of the anterior choroidal and posterior
communicating arteries is also reported to be a predictor of
hemorrhage in adult moyamoya disease (26). Furthermore,
moyamoya vessels develop for decades, beginning in child-

hood, in adult moyamoya disease. The vulnerability of the
moyamoya vessels may increase with the passage of
time (5).

The present study has several limitations. First, in this
small cohort, multivariate analysis was not definitive. CMBs
were not associated with known risk factors such as aging
and hypertension in the present study, perhaps because of
the small number of patients and the fact that most of them
had these risk factors. Second, because the present study
was cross-sectional, the risk for subsequent cerebral hemor-
rhage was not clear in patients with moyamoya-like vessels.
Prospective data on clinical outcomes for patients with
moyamoya-like vessels secondary to atherosclerosis are
needed.

Conclusion

The prevalence and site of CMBs did not differ between
patients with and without moyamoya-like vessels. Patients
with moyamoya-like vessels secondary to atherosclerosis
had a high frequency of ischemic cerebrovascular diseases,
and slight symptomatic cerebral hemorrhage. Patients with
moyamoya-like vessels secondary to atherosclerosis may not
have a high risk of cerebral hemorrhage.
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Neurol Med Chir (Tokyo) 52, 245 ~ 266, 2012

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,% and the concept
of moyamoya disease as a separate disease entity
was established in the 1960s.1-357) 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-
grams®). 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.!-35-7) This disease is in-
cluded in the list of diseases for Research on Meas-
ures for Iniractable 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 commitiee are as follows.%

Diagnostic Criteria®

(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.
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(3)

(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).

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.

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).

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.

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

(i)
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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.

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

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

(iii)

(iv)

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).

CHAPTER II:

Moyamoya disease (spontaneous occlusion of the
circle of Willis) is a disease that occurs frequently in
Asian countries, inciluding 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 1970s 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 data-
base at the committee members’ institutions, three
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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.¥ 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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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,”® 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.?

Age of Onset

The 1994 national survey® and 2006 database evalu-
ation” showed a similar irend 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.V

The various disease types by which the initial at-
tack 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 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-
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Fig. 3 Age of onset of ischemic-type and hemorrhagic-
type moyamoya disease (n = 1127).

crease 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 (asymptomatic)
population. In an epidemiological 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
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moyamoya disease (asymptomatic or only minor
symptoms).

Distribution of Moyamoya
Disease in the World

Goto and Yonekawa? 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.¥ also reported 451
patients from 29 institutions in South Korea in a
1995 survey.

References
Baba T, Houkin K, Kuroda S: Novel epidemiological
features of moyamoya disease. ] Neurol Neurosurg Psy-
chiatry 79: 900-904, 2008
Goto Y, Yonekawa Y: Worldwide distribution of
moyamoya disease. Neurol Med Chir (Tokyo) 32:

1)

Guidelines for Diagnosis and Treatment of Moyamoya Disease

883-886, 1992

Ikeda K, Iwasaki Y, Kashihara H, Hosozawa K, Anan
K, Tamura M, Satoyoshi E, Ikeda H: Adult moyamoya
disease in the asymptomatic Japanese population. |
Clin Neurosci 13: 334-338, 2006

Tkezaki K, Han DH, Kawano T, Kinukawa N, Fukui M:
A clinical comparison of definite moyamoya disease
between South Korea and Japan. Stroke 28: 2513-2517,
1997

Kudo T: [The cause of spontaneous occlusion of the
circle of Willis], in Tazaki Y (ed): [Adult Diseases Medi-
cal Examination Course, vol 3. Stroke]. Tokyo, Kane-
hara, 1975, pp 253-259 (Japanese)

Mizukawa N, Ueda K, Takeuchi S, Nishimoto A: [Ab-
normal vascular network at the brain base: General
theory: Statistical observation and problems]. Igaku
No Ayumi 9: 279, 1974 (Japanese)

Ohki K, Hoshino H, Suzuki N, Nogawa S, Yamaguchi
K: [2006 Database evaluation by the Research Commit-
tee on Moyamoya Disease (Spontaneous Occlusion of
the Circle of Willis)}, in: [Research on Spontaneous Oc-
clusion of the Circle of Willis of the Ministry of Health,
Labour and Welfare (Group Leader: Hashimoto N) 2006
Study Report]. 2007, pp 19-25 (Japanese)

Wakai K, Tamakoshi A, Ikezaki K, Fukui M,
Kawamura T, Aoki R, Kojima M, Lin Y, Ohno Y:
Epidemiological features of moyamoya disease in
Japan: findings from a nationwide survey. Clin Neurol
Neurosurg 99 Suppl 2: S1-5, 1997

Yamaguchi K, Nogawa S, Fukuuchi Y: [National sur-
vey on spontaneous occlusion of the circle of Willis
(moyamoya disease)]. Shinkei Naika 54: 319-327, 2001
(Japanese)

4)

5)

8)

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.”
These changes noted in the terminal portion of the
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internal carotid arteries suggest the possibility of
similar occurrence in the systemic arteries.'V
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-f
and growth factors such as basic fibroblast growth
factor and human growth factor have also been im-
plicated.?®

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.?

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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