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ABSTRACT

Moyamoya disease (MMD) was reported by first time
in 1957 by Takeuchi and Shimizu as hypoplasia of the
bilateral internal carotid arteries. The official Japanese
name for the disease is Spontaneous occlusion of the
circle of Willis, but in 1967 Suzuki and Takaku nick-
named it Moyamoya disease. In Japan, the estimated
total number of the patients with this disease was 3900
in 1995 and the annual incidence is 0.35 per 100,000
populations. The incidence of the disease is high among
Japanese and Koreans and far lower in Caucasians. On
the other hand, in Western countries there is not reliable
epidemiological data about it. The male and female
ratio was 1:1.7 showing a slight female predominance.
Solitary cases are much more frequent but familial cases
were reported approximately in 10% with 13 cases of
monovular twins. Moyamoya disease may cause
cerebral ischemia (transient ischemic attacks and
infarction) and haemorrhage (intracerebral, intraventri-
cular and subarachnoid). Symptoms and signs in
children are mainly TIA (hemiparesis, monoparesis
and sensory disturbance), which occur repeatedly and
occasionally. Headache, involuntary movements is
and convulsive seizures may occur. Despite extensive
studies over a long period, the aetiology of Moyamoya
disease is still no clear. Because of the higher incidence
of this disease in Orientals, very low incidence in
Caucasians, and the presence of familial cases,
multifactorial inheritance is considered to be causative.
The treatments for Moyamoya disease are both medical
and surgical. There are no medical treatments to prevent
the progression of the illness. Direct bypass surgery
(superficial temporal artery to middle cerebral artery,

STA-MCA anastomosis) or indirect bypass surgery
(placing the vascularized soft tissue flap on the surface
of brain) can improve the decreased cerebral circulation
and clinical signs. Indirect bypass surgery is preferred
for young children. Within a few months after bypass
surgery ischemic attacks disappear in most patients.

Key words: moyamoya, hypoplasia, treatment, carotid
arteries.

ENFERMEDAD DE MOYAMOYA
RESUMEN

La enfermedad de Moyamoya es una hipoplasia
bilateral de las arterias carotidas muy frecuente
en Japodn y rara en caucasicos con predominancia en
mujeres, puede producir isquemia cerebral con ataques
isquémicos y/o hemorragia y producir movimientos
involuntarios o convulsiones. Su etiologia no es cono-
cida. El tratamiento es la cirugia con comunicacion de
la arteria temporal a la cerebral media o aplicacién
de un injerto muscular en la corteza cerebral con lo
que los ataques isquémicos desaparecen.

Palabra clave: Moyamoya, hipoplasia, tratamiento,
arterias caroétidas.
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HISTORY

oyamoya disease (MMD) was reported by first

time in 1957 by Takeuchi and Shimizu as

hypoplasia of the bilateral internal carotid
arteries. Various reports followed and the dense vascular
network of the disease was gradually considered as
being secondary or collateral after stenosis or occlusion
of arteries. Thus, the disease has been considered
acquired in origin and non congenital. The official
Japanese name for the disease is spontaneous
occlusion of the circle of Willis, butin 1967 Suzuki and
Takaku?® nicknamed it moyamoya disease, which gained
worldwide usage. The Japanese term Moyamoya means
a smokey, hazy or vague state like cigarette smoke,
which was used to define the abnormal vascular network
on angiograms. Suzuki and Takaku also sub classified
the chronological stages of the disease: 1. Narrowing
of the carotid siphon, 2. Initiation, 3. Intensification, 4.
Minimization, 5. Reduction, and 6. Disappearance of
Moyamoya vessels. Since 1977, a national research
committee for the disease has been organized in Japan.

EPIDEMIOLOGY

In Japan, the estimated total nhumber of the
patients with this disease was 3900 in 1995 and the
annual incidence is 0.35 per 100,000 populations. The
incidence of the disease is high among Japanese and
Koreans and far lower in Caucasians. On the other
hand, in western countries there is not reliable
epidemiological data about it.

The male and female ratio was 1:1.7 showing a
slight female predominance. Solitary cases are much
more frequent but familial cases were reported
approximately in 10% with 13 cases of monovular
twins. The risk of occurrence in the patient’s parents
and siblings was 30-40 folds higher than that of the
general population.

In Japan, the disease is distributed among all
age groups, but predominates in the age group of less
than 10 years. There is a low peak from 30s to 40s.

As we can see this particular distribution by age
and its familiar distribution, since some time ago there
are several suspicions of the presence of influenced
genetics components like, for example: human
leukocyte antigen (HLA) B51 and the combination HLA
B51- HLA DR4 that are more frequent in patients with
moyamoya disease than in asymptomatic people. In
this kind of patients it has been describe the presence
of a possible defect in the chromosome 3p24.2-26.
There are articles that associate the disease with
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autoimmune pathologies (basically the thyroid
expression), and it has been related with disorder of the
collagen, Down syndrome and other pathologies but
these cases should not be considerate like moyamoya
disease, they belonged a special group called
moyamoya syndrome.

PHYSIOPATHOLOGY

For a better understanding of vascular changes
of the disease is necessary to distinguish between
primary and secondary lesion. First happen the
progressive decreasing of the vascular diameter and
then different changes in the cerebral vascular
architecture.

Primary lesion

This is an increasing of internal tunic, unknown
aetiology, it begins in distal portion of carotid artery,
and at least in early phase of the disease it spreads
until the anterior portion of Willis polygon, in 10% of
cases lesions begin unilaterally, but in more than 75%
of cases, after three years, both side are affected.

Histopathological changes consist in a
fiboromuscular transformation of intimae tunic, a
simultaneous proliferation of elastic fibbers that takes
to a progressive eccentric increasing of the affected
vessel and finally to the decreasing of the diameter. The
internal elastic plate has torsions and folds and a
degeneration of medial plate without inflammatory
changes.

These transformations have been seen in
extracranial vessels, and posterior cerebral circulation.

Secondary lesion:

It is known like this, to all collateral vessels de
novo that appear to offset critical decreasing of regio-
nal cerebral blood flow (rCBF) due to progression of
primary lesion. Here is possible to distinguish an
intracerebral collateral system and another extracraneal.
In early phases of disease, is the intracerebral collateral
system who try to offset ischemic in the affected
vascular territories, in the typical way of “moyamoya
vessels” (rete mirabilis).

New vessels originate overcoat in the anterior
segment of Willis polygon and form complex channels
that normally connect distal portions of anterior cere-
bral artery (ACA) territory with medial cerebral artery
(MCA). These moyamoya vessels show also patho-
logical changes, like, irregular internal elastic plate,
duplication and stenosis that even can develop
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aneurysm, which, by its structural weakness could
bleed and are responsible of intracerebral haemorrha-
gic events in adult age.

CLINICAL FEATURES

Moyamoya disease may cause cerebral
ischemia (transient ischemic attacks and infarction) and
haemorrhage (intracerebral, intraventricular and
subarachnoid)'2. Symptoms and signs in children are
mainly TIA (hemiparesis, monoparesis and sensory
disturbance), which occur repeatedly and occasionally.
Headache, involuntary movement and convulsive
seizures may occur. The attacks are liable to occur
after crying, blowing on hot noodles or playing the
harmonica, all of which may cause hyperventilation
resulting in constriction of cerebral arteries. After the
progression of the iliness, cerebral infarction may occur
and fixed neurological deficits and mental retardation
may follow. Intracerebral haemorrhage, severely
disabled and lethal outcomes may follow.

As a result of the chronic obliteration, small
collateral vessels arise distal to the blocked vessels.
The idiopathic or primary form of moyamoya disease,
which is sometimes familial, has to be distinguished
from the secondary form, referred to as moyamoya
syndrome, which can be associated with certain
systemic conditions such as sickle cell disease, chronic
basilar meningitis, neurofibromatosis, X-ray irradiation,
homocystinuria and Down syndrome. The association
of Down syndrome and moyamoya syndrome has
been infrequently reported in the paediatric literature;
less than 16 cases have been described in English
language publications.

DIAGNOSIS

The clinical diagnosis should depend on cere-
bral angiography. The diagnostic criteria are: a.
Stenosis or occlusion of the terminal portions of the
internal carotid arteries and proximal portions of the
anterior and/or middle cerebral arteries, b. abnormal
vascular networks seen in the arterial phase in the
vicinity of the arterial occlusion, and c. bilateral
involvement. Recently (MRI) magnetic resonance
imaging and DR angiography (MRA) have made the
diagnosis possible without using conventional
angiography. Bilateral involvement is called a definite
case; unilateral involvement is a probable case. The
probable cases in childhood are likely to progress to
bilateral lesions within 1 or 2 years, whereas those in
adulthood tend to remain unchanged.

EEG is sometimes a useful examination in moya-
moya disease in childhood. The characteristic finding
is a rebuild up of slow waves 20-60 seconds after
cessation of hyperventilation. The rebuild up pheno-
menon is considered to be related to decreased
perfusion reserve of the ischemic brain. When cerebral
ischemia is relieved by bypass surgery, the decreased
perfusion reserve improves and the rebuild up pheno-
menon disappears. However, hyperventilation should
be carefully limited because it may induce an ischemic
attack. Positron emission tomography (PET) and
single photon emission CT (SPECT) give important
information on the cerebral perfusion and metabolism.
The finding of decreased perfusion reserve is a good
indication for bypass surgery.

Shinya Sato, et al reported the use of a single
photon emission computed tomography and a novel
tracer, 123l-iomazenil, to measure Central benzodiaze-
pine (BZD) receptor density in the brain. Evaluation of
early and late images was performed in asymptomatic,
unoperated patients, and mildly symptomatic, opera-
ted patients.

The neuron density was preserved in adult
asymptomatic patients despite harboring moyamoya
disease. In contrast, the neuronal density was
decreased in symptomatic patients even though their
symptoms were mild and they had undergone
revascularization.

NEUROPATHOLOGICAL FINDINGS

It is rare, especially in childhood, to obtain an
autopsy specimen of moyamoya disease because the
mortality is very low. At surgery, it is impossible to
obtain a specimen of the involved artery. Therefore the
materials available for the histopathologic examination
are usually those obtained by autopsy of adult patients
who have died from intracranial hemorrhage.

The main lesions of the arteries are located in the
anterior half of the Willis polygon. The lumina of the
arteries are narrowed or occluded by a thickening of
the intima. The distal portion of the basilar artery is
narrowed in some patients.

Histopathologically, the intima of the mayor
arteries shows eccentrically laminated thickening and
the terminal elastic lamina is markedly tortuous and is
duplicated in some parts. The thickened intima
contains increased number of smooth muscle cells
which are considered to be synthetic type smooth
muscle cells migrating from the media. The media is
generally attenuated. Disruption of the internal elastic
lamina and inflammatory cell infiltration are generally

35



Arch Neurocien (Mex)
Vol. 14, No. 1: 33-39; 2009

Moyamoya disease

absent. Deposits of lipid are rare. Mural thrombi are
frequently seen in the stenotic lesions, and the organi-
zation of repeated mural thrombi is suspected by some
authors to be responsible for multilayered eccentric
intimal thickening.

The perforating arteries in the basal ganglia,
thalamus and internal capsule are either dilated with
relatively thin walls or stenotic with thick walls.

ETIOLOGY

Despite extensive studies over a long period,
the etiology of moyamoya disease is still no clear.
Because of the higher incidence of this disease in
Orientals, very low incidence in Caucasians, and the
presence of familial cases, multifactorial inheritance is
considered to be causative. Significantly elevated
basic-fibroblast growth factor (b-FGF) in the cere-
brospinal fluid in moyamoya patients and increased
activity of b-FGF and its receptor in the superficial tem-
poral artery suggest involvement of vascular growth
factors and cytokines in the disease process. Recent
genetic studies of familial moyamoya disease have
suggested some responsible genetic loci in chro-
mosome 3,6, and 17.

The moyamoya disease is a clinical entity of
unknown etiology, therefore, known diseases with simi-
lar angiographic findings have to be excluded like:
atherosclerosis, autoimmune disorders, meningitis,
brain tumors, Down syndrome, von Recklinghausen
disease, head trauma, post radiation state.

The mechanism of vascular obstruction in Down
syndrome with moyamoya syndrome is not known. The
presence of protein C deficiency in this child raises the
possibility of a thromboembolic phenomenon
secondary to the deficiency.

Andeejani et al had reported an association
between protein C deficiency and moyamoya disease
resulting in cerebral infarction. A recent report by
Akgun et al describes the association between protein
S deficiency and strokes in moyamoya syndrome.

In the past 35 years, there have been a total of
60 reported cases in the literature of moyamoya
syndrome after cranial irradiation, of which 52 are
children.

External beam radiation is widely accepted as an
essential component of effective therapy for a variety
of brain tumors, but the risks of this therapy must be
considered together with potential benefits. Although
radiation is known to cause a small vessel microan-
giopathy, large vessel disease in response to radiation
therapy is much more rarely reported. In this study of

36

345 patients who were treated with radiation therapy
and then prospectively followed for up to 15 years, they
identified moyamoya syndrome as an important late
effect of radiation therapy. In their cohort, the majority
of patients with moyamoya had a diagnosis of optic
system glioma; half of these patients also carried the
diagnosis of NF1. They concluded that children with
brain tumors, particularly of the suprasellar region, are
at substantial risk of moyamoya after radiation
therapy, particularly if they also carry a diagnosis of
NF1.

TREATMENT AND PROGNOSIS

The treatments for moyamoya disease are both
medical and surgical. There are no medical treatments
to prevent the progression of the illness. Direct bypass
surgery (superficial temporal artery to middle cerebral
artery, STA-MCA anastomosis) or indirect bypass
surgery (placing the vascularized soft tissue flap on the
surface of brain) can improve the decreased cerebral
circulation and clinical signs. Indirect bypass surgery
is preferred for young children. Within a few months
after bypass surgery ischemic attacks disappear in
most patients.

MOYAMOYA DISEASE AND ANESTHESIA

Because of cerebral blood flow and metabolism
are severely impaired in most cases of MMD, perio-
perative stroke occasionally occurs after surgery.
The importance of anesthetic management has
therefore been emphasized. Not only hypocapnia but
also hypercapnia during the operation increases the
risk of perioperative stroke because hypercapnia
sometimes induces the steal phenomenon of the rCBF
(regional cerebral blood flow). As a result, normocapnia
with a Paco2 (partial pressure of carbon dioxide) value
of between 38 and 40 mm Hg has been recommended
during surgery for MMD. Ken-ichiro Kikuta et al, says
in summary, intravenous anesthesia with propofol has
potential to provide brain protection and preservation
of rCBF in the frontal lobes in surgery for MMD.
Whether choice of anesthetic agents might be
important in surgery for MMD should be investigated
further.

INTELLECTUAL DECLINE IN CHILDREN WITH
MOYAMOYA

AM Hogan, et al reported a significant
intellectual decline in non- Japanese children with MMS
(Moyamoya syndrome), with and without concomitant
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SCA (stroke and sickle cell anaemia). Results suggest
that the pace and extent of decline in individual children
may be unpredictable, indicating that intellectual sta-
tus should be routinely documented in individual
patients. On diagnosis of MMS, it is recommended that
children should have a comprehensive baseline
neuropsychological assessment and that this should be
reviewed at regular intervals. More data on the efficacy
of surgery are required, but if benefit is proved,
cognitive function in children with MMS should be
closely monitored so that surgery can be considered
at the earliest opportunity.

NEURONAL LOSS IN ADULT MOYAMOYA
DISEASE

Shinya Sato, Reizo Shirane, et al used a single
photon emission computed tomography and a novel
tracer, 123l-iomazenil, to measure BZD (Central
benzodiazepine) receptor density in the brain.
Evaluation of early and late images was performed in
three asymptomatic, unoperated patients, and six
mildly symptomatic, operated patients with MMD. The
neuron density was preserved in asymptomatic adult
patients despite harboring moyamoya disease. In
contrast, the neuron density was irreversibly decreased
in symptomatic patients even though their symptoms
were mild and they had undergone revascularization.
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