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Moyamoya syndrome in a child with
Down syndrome

Moyamoya syndrome has been reported in association with Down syndrome.
In paediatric patients, the usual presentation is that of ischaemic stroke.
We report a 9-year-old boy with Down syndrome and moyamoya syndrome
who presented with acute-onset left hemiparesis. This is the first such re-
ported case in Hong Kong. There is growing evidence that the chromosomal
abnormalities in patients with Down syndrome may contribute to a vulner-
ability for the development of moyamoya syndrome. A high index of suspi-
cion is necessary to make the correct diagnosis. Medical and surgical
management strategies for this disease are discussed. Surgical intervention
should proceed without delay, if indicated, to prevent further neurological
deterioration. A multidisciplinary approach is recommended for the
rehabilitation of these patients.
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Introduction

Stroke in childhood is rare, with an incidence of approximately 2.5 to 2.7 cases
per 100 000 per year.1,2 It is defined as a sudden occlusion or rupture of the
cerebral arteries or veins, resulting in focal cerebral damage with clinical
neurological deficits lasting for more than 24 hours. Several types of stroke are
described. Bland infarction without visible haemorrhage is caused by vascular
occlusion, which can be due to arterial ischaemia or sinovenous thrombosis.
Haemorrhagic infarction refers to bleeding into the area of bland infarction.
A stroke which results from vascular rupture is called a haemorrhagic stroke.3

Approximately 20% to 40% of patients with arterial ischaemia do not have
identifiable risk factors.4,5 Thromboembolism resulting from cardiac causes,
prothrombotic disorders, infection, dissection, dehydration, and vasculitis are
the most common risk factors.

Moyamoya disease or syndrome is believed to be a rather uncommon cause
of stroke in childhood. Moyamoya disease is a condition of progressive idiopathic
stenosis with eventual occlusion of the large cerebral arteries of the Circle of
Willis. The arteries involved include the terminal portion of the internal carotid
arteries (ICA), the proximal portion of the anterior cerebral arteries, or the
proximal portion of the middle cerebral arteries. An abnormal network of
small collateral vessels develops distal to the stenosis or occlusion, creating a
typical ‘puff of smoke’ appearance on imaging studies. Moyamoya disease
predominantly occurs in Asians and is of unknown aetiology. Moyamoya
syndrome shows a similar angiographic pattern to that of moyamoya disease.
The underlying vasculopathy, however, is usually secondary to autoimmune
disease, brain pathologies such as tumour, cranial irradiation, Down syndrome,
or other risk factors.3
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In children, moyamoya disease or syndrome can present
with either transient or permanent neurological deficits.
Cerebral ischaemia predominates in children. There can be
a wide range of neurological presenting symptoms includ-
ing motor deficits, sensory impairment, involuntary move-
ments, headache, seizures, or cognitive impairment.6 A
high index of suspicion is necessary to make the diagnosis.
Cerebral angiography and magnetic resonance angiography
(MRA) are used to diagnose moyamoya disease or moya-
moya syndrome. Patients with Down syndrome have been
known to develop moyamoya syndrome, although this is
uncommon. We report the case of a 9-year-old boy with
Down syndrome who presented with left hemiparesis and
was subsequently found to have moyamoya syndrome.
This is the first reported case of a Chinese paediatric pa-
tient who had Down syndrome associated with moya-
moya syndrome in Hong Kong. On reviewing the English
language literature, 26 paediatric cases have been previously
reported.7-9 The clinical characteristics of these reported
cases and the management strategies utilised are also
discussed.

Case report

A 9-year-old boy with Down syndrome was admitted to
Tuen Mun Hospital on 29 June 2000, due to sudden onset
of progressive left-sided weakness with a limping gait,
drooling of saliva, and facial asymmetry evident for 4 days.
He did not have symptoms of headache, seizure, abnormal
movements, or deterioration of consciousness or mental
function on admission. A history of a fall injury to the left
arm 2 days prior to the onset of the weakness was reported.
There was no associated head and neck injury or infection,
and no history of loss of consciousness. Concerning past
health, the boy had Down syndrome (karyotype 47XY+21).
He was cognitively impaired and was studying in a special
school. There was no history of gastrointestinal, cardiac,
or endocrine complications. Physical examination revealed
typical features of Down syndrome. The boy was alert,
conscious, and oriented. Neurological signs were compat-
ible with left hemiparesis. There was an associated upper
motor neuron lesion of the left facial nerve. The fundi
were normal. The peripheral pulses were normal and regular.
The heart sounds were normal with no murmur heard.
No carotid bruits could be detected. Examination of other
systems was unremarkable.

Following admission, echocardiography did not detect
any cardiac lesions or evidence of endocarditis. Radiographs
of the cervical spine showed no evidence of atlantoaxial
instability. Non-enhanced computed tomography of the
brain showed multiple hypodense lesions in the right fronto-
parietal region. Magnetic resonance imaging was performed
for further lesion characterisation. Multiple hyperintense
lesions were found in the right frontal and parietal lobes,
the left genu of the corpus callosum, and bilaterally in the
centrum semiovale on T2-weighted images (Fig 1). Diffu-
sion imaging revealed restricted diffusion in the right

frontal and parietal lobe lesions, consistent with multiple
acute cerebral infarctions. Single voxel magnetic resonance
spectroscopy (MRS) of the right fronto-parietal brain
region was performed and showed a marked decrease of
N-acetylaspartate, an increased choline level, and a large
lactate doublet. The MRS findings were characteristic of
acute cerebral infarction. Magnetic resonance angiography
showed supraclinoid occlusion of the ICA bilaterally and
absence of the anterior and middle cerebral arteries (Fig 2).

Fig 1. Axial T2-weighted image shows multiple hyperintense
lesions in the right frontal lobe. A small high signal lesion is
also noted at the left genu of the corpus callosum

Fig 2. Magnetic resonance angiography (three-dimensional
collapsed view) of the Circle of Willis reveals supraclinoid
occlusion of the internal carotid arteries bilaterally and the
absence of both middle and anterior cerebral arteries
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Digital subtraction cerebral angiography confirmed occlu-
sion of both the ICA and the middle cerebral arteries
bilaterally, and the presence of moyamoya vessels (Fig 3).
Transcranial doppler ultrasonography, single photon
emission computed tomography (SPECT), and electro-
encephalography were not performed. Screening for
autoimmune, prothrombotic, and metabolic disorders were
negative. Protein C, protein S, and antithrombin III assays
were 94%, 103%, and 89% of controls, respectively (all
within normal limits). Serum for anticardiolipin immu-
noglobulin G was 9 U/mL (normal level, <15 U/mL) and
immunoglobulin M was less than 1 U/mL (normal level,
<13 U/mL). Lupus anticoagulant activity was not detected.
Serum testing for antinuclear factors and antineutrophil
cytoplasmic antibody was negative. Antimicrosomal anti-
body testing was not completed. Urine aminoacid chromat-
ography showed a normal pattern, with no increase in
homocystine excretion evident.

Muscle power of the boy’s left upper and lower limbs
was graded 2-3 on admission, and showed gradual improve-
ment to grade 4 by 8 July 2000. An indirect revascularisation
procedure using two burr holes in the right frontal and
parietal bones was performed on 17 July 2000. The oper-
ation and postoperative recovery were uneventful. Aspirin
(2 mg/kg/day) was given postoperatively. The boy was
discharged on 2 August 2000, with regular out-patient
physiotherapy scheduled. Magnetic resonance imaging
and MRA were repeated on 1 August 2000, 23 August
2000, and 16 January 2001 and showed no subsequent
changes. At the last assessment in February 2002 (20 months
after the operation), the patient had no residual weakness
of the left upper and lower limbs. No recurrence of
stroke or haemorrhage was observed during the follow-up
period.

Discussion

Children with Down syndrome are at an increased risk
for cerebral infarction. The majority of cases occur due to
thromboembolism secondary to an underlying cardiac
malformation. There is also an increased susceptibility to
bacterial infection, including meningitis and infective endo-
carditis, leading to cerebrovascular occlusion and stroke.
Pearson et al,10 in an analysis of stroke in 37 children with
Down syndrome, found seven patients with angiographic
abnormalities consistent with moyamoya syndrome.10 The
incidence of moyamoya syndrome in patients with Down
syndrome has been noted to be three times the estimated
incidence of moyamoya disease in the general population.11

Several hypotheses for the mechanism of Down
syndrome–associated moyamoya syndrome have been
proposed. Patients with Down syndrome are predisposed
to vascular disease generally. This is seen in abnormal nail-
bed capillary morphology, high pulmonary vascular
resistance, congenital heart disease, abnormalities of the
retinal vessels, and primary intimal fibroplasia.7 The fre-
quency of abnormalities of the Circle of Willis in patients
with Down syndrome has been reported to be higher than
that of patients with isolated congenital heart disease.10

Vascular dysplasia may result in a structural defect that is
important in the pathogenesis of moyamoya disease. With
respect to the molecular basis of Down syndrome, several
proteins encoded on chromosome 21 are associated with
an increased risk for vascular diseases. These include the
α-chains of collagen type VI, superoxide dismutase I, the
interferon gamma receptor, and cystathionine β-synthase.7

Autoimmunity has been postulated as another possible
mechanism linking the two disorders. Patients with Down
syndrome have an increased prevalence of autoimmune
disorders, such as autoimmune thyroid disease. Moyamoya
disease has been associated with the presence of antiphos-
pholipid antibodies, which may predispose these patients
to arterial thrombosis. This phenomenon was observed in
a patient with Down syndrome who developed Graves’
disease and moyamoya syndrome, and was subsequently
found to have multiple thromboses of the anterior cerebral
artery in the presence of antiphospholipid antibodies.12

An autoimmune assay in our patient was negative, however.
Upper cervical subluxation can also produce a cerebral
circulation insufficiency that predisposes a patient to the
development of moyamoya disease. In this patient, there
was no evidence of such subluxation.

Of the 26 reported patients with Down syndrome and
moyamoya disease, 80% presented with cerebral infarction,
19% with a transient ischaemic attack, and 5% with intra-
cranial haemorrhage. The average age of onset of symp-
toms was 6 years.7 Definitive diagnosis of moyamoya disease
or syndrome requires the use of appropriate imaging
techniques. Conventional cerebral angiography provides a
definitive means of visualising the vasculature. There is,

Fig 3. Right internal carotid angiogram in the arterial phase
confirms the supraclinoid occlusion of the right internal
carotid artery and reveals hypertrophied lenticulostriate
collaterals (arrowhead). The left internal carotid angiogram
(not shown) showed similar, but less pronounced findings
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however, a 1% chance of stroke after the procedure, although
the risk may be lower in centres with greater experience
with the procedure and in patients who do not have vascular
stenosis.13 The recent development of MRA provides a non-
invasive alternative to conventional angiography. Small- and
medium-sized cerebral arteries, however, may not be reli-
ably visualised. Conventional angiography is currently rec-
ommended if MRA appears normal or equivocal, or if there
is evidence of moyamoya vessels and surgery is planned.14

The management of moyamoya disease or syndrome is
challenging. Medical treatment includes supportive care after
stroke and antithrombotic therapy. General supportive care
includes optimising blood pressure and fluid management,
and controlling blood glucose and body temperature. Any
associated seizures should be treated aggressively. The
efficacy of antithrombotic therapy for these patients re-
mains uncertain. Ikezaki15 recommends that aspirin be given
to patients with normal perfusion reserve as shown by
positron emission tomography or SPECT scanning. For fur-
ther management, paediatricians should look for any pre-
disposing factors for moyamoya syndrome and treat these
accordingly. Surgical intervention is indicated for patients
with reduced perfusion reserve. Direct or indirect revascu-
larisation surgery can be performed. Direct revascularisation
surgery involves the anastomosis of the superficial temporal
artery to the middle cerebral artery. This requires advanced
surgical skill and is only recommended for older children.
Indirect revascularisation surgery includes encephalo-duro-
arterio-synangiosis, encephalo-myo-synangiosis, pial
synangiosis, and multiple burr holes. The encephalo-duro-
arterio-synangiosis procedure uses a branch of the superfi-
cial temporal artery that is sutured to the dural surface
of the brain via an opening in the skull. The encephalo-
myo-synangiosis procedure involves placement of the
temporalis muscle on the brain surface via a skull opening.
Pial synangiosis refers to direct suturing of the superficial
temporal artery adventitia to the pial surface. Multiple burr
holes are made, for instance, in bilateral frontal areas for
vascularisation. The above-mentioned methods allow growth
of new vessels to revascularise the ischaemic cerebral arteries.
Any one of these indirect revascularisation methods is rela-
tively safe and can be performed for a younger age-group.
According to the treatment strategy suggested by Ikezaki,15

surgical intervention is recommended for those patients with
documented reduced perfusion reserve. This is because un-
necessary bypass surgery may cause maldevelopment of
collaterals, which may, in turn, lead to increased intracranial
pressure. If cerebral infarction occurs and surgery is indicated,
this should be done 3 to 4 weeks after the onset of the infarc-
tion in order to avoid reperfusion injury.15

Conclusion

This is the 27th case of moyamoya syndrome in association
with Down syndrome reported in the literature. Several risk
factors can underlie the development of stroke in patients
with Down syndrome. A high index of suspicion is required
to make the appropriate diagnosis. Conventional angio-
graphy remains an important imaging technique for diag-
nosis of this condition. Magnetic resonance angiography is
also gaining popularity. In order to prevent further neuro-
logical deterioration, moyamoya disease or syndrome should
be managed promptly. Appropriate surgical indications
should be considered and, when available, bypass surgery
should be performed without delay.
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