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Abstract 
Moyamoya disease is an increasingly recognized arteriopathy associated with cerebral 

ischemia and has been associated with approximately 6% of childhood strokes. It is 
characterized by chronic progressive stenosis at the apices of the intracranial internal 

carotid arteries (ICA), including the proximal anterior cerebral arteries and middle 

cerebral arteries. Occurring in tandem with reduction in flow in the major vessels of the 
anterior circulation of the brain, there is compensatory development of collateral 

vasculature by small vessels near the carotid apices, on the cortical surface, 

leptomeninges, and branches of the external carotid artery supplying the dura and skull 
base. Moyamoya is an increasingly recognized entity associated with cerebral ischemia. 

Diagnosis is made from clinical and radiographic findings. Surgical revascularization is 
recommended for definitive treatment of children with moyamoya syndrome. Moyamoya 

is an increasingly recognized cause of stroke in both children and adults. Patients with 

certain conditions such as Down’s syndrome19 and sickle cell disease may be 
particularly at risk for moyamoya. Characteristic radiographic findings confirm the 

diagnosis, and recognition of the disease early in its course, with prompt institution of 
therapy, is critical in order to achieve the best outcome in patients. Revascularization 

surgery appears to be effective in preventing stroke in patients with moyamoya. 
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INTRODUCTION 
When we hear that someone has or had, or is 

at risk for, a stroke, we tend to immediately 

picture an older person. “After all,” we may 

think, “a stroke is something our parents and 

grandparents might face not our children.” 

Unfortunately, pediatric stroke is a very real 

risk for many kids with certain 

cerebrovascular disorders, including 

Moyamoya disease. The name “moyamoya” 

means “puff of smoke” in Japanese and 

describes the look of the tangle of tiny vessels 

formed to compensate for the blockage [1].
 

The disease primarily affects children, but it 

can also occur in adults. Moyamoya disease is 

a cerebro vascular condition that predisposes 

affected patients to stroke in association with 

progressive stenosis of the intracranial internal 

carotid arteries and their proximal branches. 

Reduced blood flow in the major vessels of the 

anterior circulation of the brain leads to 

compensatory development of collateral 

vasculature by small vessels near the apex of 

the carotid, on the cortical surface, 

leptomeninges, and branches of the external 

carotid artery supplying the dura and the base 

of the skull. In rare cases, this process also 

involves the posterior circulation, including 

the basilar and posterior cerebral arteries. 

Moyamoya disease is a rare, progressive 

cerebrovascular disorder caused by blocked 

arteries at the base of the brain in an area 

called the basal ganglia [2]. Although 

“spontaneous occlusion of the circle of Willis” 

has recently been suggested as an alternative 

to the more evocative name “moyamoya,” the 

International Classification of Diseases 

recognizes “moyamoya” as the specific name 

for this condition. Patients with the 

characteristic moyamoya vasculopathy who 

also have well recognized associated 

conditions are categorized as having the 
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moyamoya disease. By definition, the 

pathognomonic arteriographic findings are 

bilateral in moyamoya disease, although the 

severity can differ between sides. Patients with 

unilateral findings have the moyamoya 

syndrome, even if they have no other 

associated risk factors. However, contralateral 

disease eventually develops in up to 40% of 

patients initially presenting with unilateral 

findings [3]. 

 

ETIOLOGY 
Etiology of the disease is still unknown. A 

genetic mode of inheritance is considered 

possible because of the higher incidence of the 

disease in Japan and Korea and the familial 

occurrence among the Japanese as well as in 

Caucasians [4]. The condition is believed to be 

hereditary and linked to q25.3, on 

chromosome.
 
In Japan the overall incidence is 

higher (0.35 per 100,000).
 
In North America, 

women in the third or fourth decade of life are 

most affected. Moyamoya can be either 

congenital or acquired. Patients with Down 

syndrome, neurofibromatosis type 1, or head 

trauma can develop moyamoya 

malformations. It is more common in women 

than in men, although about a third of those 

affected are male [5].  

 

SYMPTOMS 
A comprehensive list of Moyamoya disease 

symptoms includes [6]: 

1. stroke: there are two types of stroke: 

 An ischemic stroke occurs when a 

brain artery has been blocked. 

 A hemorrhagic stroke occurs when an 

artery rupture or leaks. 

2. Recurrent transient ischemic attacks: also 

known as TIAs or mini strokes.  

3. hemiparesis 

4. seizures 

5. disturbed consciousness 

6. speech deficits 

7. sensory impairments 

8. involuntary movements 

9. vision problems 

10. Endocrine dysfunction 

11. Decline in the IQ of children  

 

PATHOPHYSIOLOGY  
The disease Moyamoya appears to look like a 

"puff of smoke" because the arteries are 

thinned which makes the blood leak out of the 

arteries causing pressure to the brain resulting 

with headaches. The pathogenesis of 

moyamoya disease is unknown. The gene 

ring (RNF213) has been implicated in the 

pathogenesis of this disease. A number of 

factors have been postulated as playing a role 

in the pathogenesis of moyamoya disease. 

Fibroblast growth factor has been proposed as 

a possible mediator of the neovascular 

response. There is some evidence to show that 

CSF (cerebro spinal fluid) bFGF (Basic 

fibroblast growth factor) may play a role in the 

pathogenesis of the disease. Transforming 

growth beta factor 1 (TGF beta 1), a factor 

involved in angiogenesis and expression of 

connective tissue genes, was also shown to be 

elevated in the disease [7]. An unknown CSF 

protein has been detected in some patients 

with moyamoya. Further analysis of this 

protein may reveal a clue by which the 

molecular mechanism of moyamoya disease 

may be elucidated. The role of prostaglandin 

in the pathogenesis of the disease has been 

studied. These studies have shown that the 

arterial smooth muscle cells in moyamoya 

activate cox2 in response to inflammation, and 

produce excess PGE. This can cause an 

increase in vascular permeability and decrease 

the tone, which may promote intimal 

thickening. A possible role for infection in the 

pathogenesis has been proposed. The evidence 

is still inconclusive but some studies have 

suggested a relationship with Epstein-Barr 

virus infection. This was based on the 

increased presence of EBV (Epstein-Barr 

virus) DNA and antibody in patients with 

moyamoya [8]. 

 

DIAGNOSTIC EVALUATION 
Moyamoya should be considered — and 

diagnostic evaluation initiated — in patients, 

particularly children, presenting with acute 

neurologic deficits or unexplained symptoms 

referable to cerebral ischemia. A delay in 

diagnosis results in a delay in treatment, 

increasing the risk of permanent disability 

from stroke. It is critically important to refer 

patients with moyamoya, or suspected 

moyamoya, to centers experienced in the care 

of such patients.
 
Any patient with unexplained 

symptoms suggestive of cerebral ischemia 

should be considered as possibly being at risk 

for moyamoya. Although the differential 

diagnosis for these symptoms is broad, the 

http://en.wikipedia.org/wiki/Down_syndrome
http://en.wikipedia.org/wiki/Down_syndrome
http://en.wikipedia.org/wiki/Neurofibromatosis_type_1
http://en.wikipedia.org/wiki/Head_trauma
http://en.wikipedia.org/wiki/Head_trauma
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presence of moyamoya can be readily 

confirmed by means of radiographic studies. 

Radiographic evaluation of a patient suspected 

of having moyamoya usually requires several 

studies [9]. 

 

COMPUTED TOMOGRAPHY 
Computed tomography (CT) in a patient with 

moyamoya disease may show small areas of 

hypo density suggestive of hemorrhage or of a 

stroke in the cortical watershed zones, basal 

ganglia, deep white matter, or per ventricular 

regions. However, the CT scan can be normal, 

particularly in patients presenting solely with 

TIAs. CT angiography can show the 

intracranial stenosis seen in moyamoya. Thus, 

CT angiography should be considered when 

magnetic resonance imaging (MRI) is not 

readily available and a diagnosis of cerebral 

occlusive vasculopathy is being considered 

[10]. 

 

MAGNETIC RESONANCE IMAGING 
The widespread availability of MRI and 

magnetic resonance angiography has led to the 

increasing use of these methods for primary 

imaging in patients with symptoms suggestive 

of moyamoya. An acute infarct is more likely 

to be detected with the use of diffusion-

weighted imaging, whereas a chronic infarct is 

more likely to be seen with T1- and T2-

weighted imaging. Diminished cortical blood 

flow due to moyamoya can be inferred from 

fluid-attenuated inversion recovery (FLAIR) 

sequences showing linear high signals that 

follow a sulcal pattern, which is called the “ivy 

sign”. The finding most suggestive of 

moyamoya on MRI is reduced flow voids in 

the internal, middle, and anterior cerebral 

arteries coupled with prominent flow voids 

through the basal ganglia and thalamus from 

moyamoya-associated collateral vessels. These 

findings are virtually diagnostic of moyamoya 

[10]. 

 

ANGIOGRAPHY 
Formal angiography should consist of a full 

five vessel or six-vessel study that includes 

both external carotid arteries, both internal 

carotid arteries, and one or both vertebral 

arteries, depending on the collateral patterns 

seen. In a study of 190 patients undergoing 

diagnostic angiography, complication rates 

among patients with moyamoya were no 

higher than those among patients with other 

forms of cerebrovascular disease. The 

definitive diagnosis is based on a distinct 

arteriographic appearance characterized by 

stenosis of the distal intracranial internal 

carotid artery, extending to the proximal 

anterior and middle arteries. Disease severity 

is frequently classified into one of six 

progressive stages that were originally defined 

in 1969. Development of an extensive 

collateral network at the base of the brain 

along with the classic “puff of smoke” 

appearance on angiography is seen in the 

intermediate stages of the Suzuki grading 

system. Imaging of the external carotid arteries 

is essential to identify any preexisting 

collateral vessels so that surgery, if performed, 

will not disrupt them. Aneurysms, as well as 

the rare arterio venous malformation known to 

be associated with certain cases of moyamoya, 

are also best detected by means of 

conventional angiography [11]. 

 

OTHER DIAGNOSTIC TECHNIQUES  
Other diagnostic evaluations that may be 

useful in evaluating patients with moyamoya 

include electroencephalography (EEG) and 

cerebral blood-flow studies. Specific 

alterations of EEG recordings, which are 

usually observed only in children, include 

posterior or centrotemporal slowing, a 

hyperventilation- induced diffuse pattern of 

monophasic slow waves (called “build-up”), 

and a characteristic “rebuild-up” phenomenon, 

which looks identical to the build-up slow 

waves seen in patients without moyamoya, but 

differs in the timing of its presentation [11]. 

Build-up occurs during hyperventilation, 

whereas rebuild-up occurs after 

hyperventilation and indicates a diminished 

cerebral perfusion reserve. Techniques such as 

transcranial Doppler, perfusion CT, xenon-

enhanced CT, positron-emission tomography, 

magnetic resonance perfusion imaging, and 

single-photon-emission CT with 

acetazolamide challenge have all been used in 

the evaluation of patients with moyamoya. 

These imaging studies may help to quantify 

blood flow, serve as a baseline before the 

institution of treatment, and occasionally aid in 

treatment decisions [12]. 
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TREATMENT 
Medical Rx 

Medical therapy has been used in patients with 

moyamoya, particularly when surgery has 

been considered to present a high risk or the 

patient has had relatively mild disease, but 

there are few data showing either its short-

term or long-term efficacy. A large survey 

from Japan showed no significant differences 

in outcome between medically and surgically 

treated patients with moyamoya, although a 

more recent review revealed that 38% of 651 

patients with moyamoya who were initially 

treated medically ultimately underwent 

surgery because of progressive symptoms. 

Anti platelet agents have been used to prevent 

emboli from micro thrombi formed at sites of 

arterial stenosis a possible cause of ischemic 

symptoms in patients with moyamoya — and 

these agents, although not used universally, 

are used routinely in patients in many 

operative series [13]. Anticoagulants such as 

warfarin are rarely used, although there has 

been some experience with low molecular 

weight heparin. Calcium-channel blockers 

may be useful in ameliorating intractable 

headaches or migraines, which are commonly 

seen in patients with moyamoya, and these 

agents may be effective in reducing both the 

frequency and the severity of refractory TIA. 

Because calcium-channel blockers may cause 

hypotension, they must be used with caution in 

this patient population [14]. 

 

SURGERY 
The arterio pathy of moyamoya affects the 

internal carotid artery while sparing the 

external carotid artery. Surgical treatment of 

patients with moyamoya typically uses the 

external carotid artery as a source of new 

blood flow to the ischemic hemisphere. Two 

general methods of revascularization are used: 

direct and indirect [14].
 

In direct 

revascularization, a branch of the external 

carotid artery (usually the superficial temporal 

artery) is directly an astomosed to a cortical 

artery. Indirect techniques involve the 

placement of vascularized tissue supplied by 

the external carotid artery (e.g., dura, 

temporalis muscle, or the superficial temporal 

artery itself) in direct contact with the brain, 

leading to an in growth of new blood vessels 

to the underlying cerebral cortex. Historically, 

direct procedures have been used in adults for 

whom an immediate increase of blood flow to 

the ischemic brain is a major benefit [15]. 

Augmentation of cerebral blood flow usually 

does not occur for several weeks with indirect 

techniques. However, direct bypass is often 

technically difficult to perform in children 

because of the small size of both donor and 

recipient vessels, making indirect techniques 

appealing. Nonetheless, direct operations have 

been successful in some children, and indirect 

procedures have been successful in some 

adults. There is considerable debate about the 

relative merits and shortcomings of the two 

approaches; in fact, some centers advocate a 

combination of direct and indirect approaches 

[16]. 

 

THERAPIES  
Rehabilitation with physical therapy, 

occupational therapy, and speech therapy 

should be considered, depending on the 

neurological impairment. The extent of 

therapy can range from bedside treatment to 

full, comprehensive inpatient rehabilitation. 

The latter would include physical, 

occupational, speech, and cognitive therapy. 

The condition of the patient, including active 

co morbidities, dictates his or her involvement 

in rehabilitation therapy [17]. 

 

CONCLUSION 
Moyamoya is an increasingly recognized 

cause of stroke in both children and adults. 

Patients with certain conditions such as 

Down’s syndrome19 and sickle cell disease 

may be particularly at risk for moyamoya. 

Moyamoya was initially recognized as an 

angiographic pattern. Attempts to classify it 

into a primary disease form and a secondary 

form associated with other diseases have led to 

criterion for its diagnosis being adopted. There 

is evidence to show linkage of moyamoya to 

several chromosomes and it is likely to have 

heterogeneous loci. A role for various growth 

factors and proteins in its pathogenesis has 

been proposed and the role, if any, played by 

infections remains to be elucidated. Better 

methods for studying the cerebral blood flow 

and screening have been devised. A number of 

surgical procedures have been developed for 

revascularization and there is controversy 

regarding the timing and the surgical 

procedure to be used. There is some evidence 

to show that the pathogenesis may vary in 
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different races. Moyamoya is an interesting 

disease and its study may help understand the 

genetics and the pathogenesis of vasoocclusive 

diseases in children. Identification at early 

stage can enhance positive outcome of medical 

treatment. Surgical intervention includes direct 

and indirect revisualization.  
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