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 Summary
  Moyamoya disease is a progressive vasculopathy leading to stenosis of the main intracranial 

arteries. The incidence of moyamoya disease is high in Asian countries; in Europe and North 
America, the prevalence of the disease is considerably lower. Clinically, the disease may be of 
ischaemic, haemorrhagic and epileptic type. Cognitive dysfunction and behavioral disturbance are 
atypical symptoms of moyamoya disease.

  Characteristic angiographic features of the disease include stenosis or occlusion of the arteries 
of the circle of Willis, as well as the development of collateral vasculature. Currently, magnetic 
resonance angiography and CT angiography with multi-row systems are the main imaging methods 
of diagnostics of the entire range of vascular changes in moyamoya disease.

  The most common surgical treatment combines the direct arterial anastomosis between the 
superficial temporal artery and middle cerebral, and the indirect synangiosis involving placement 
of vascularised tissue in the brain cortex, in order to promote neoangiogenesis. Due to progressive 
changes, correct and early diagnosis is of basic significance in selecting patients for surgery, which 
is the only effective treatment of the disease. An appropriate qualification to surgery should be 
based on a comprehensive angiographic and imaging evaluation of brain structures.

  Despite the rare occurrence of moyamoya disease in European population, it should be considered 
as one of causes of ischaemic or haemorrhagic strokes, especially in young patients.
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Background

Moyamoya disease was first described in 1957 as a “bilat-
eral hypoplasia of internal of internal carotid arteries” [1]. 
The name of the disease comes from Japanese and means 
‘puff of smoke’.

Commonly applied in the clinical practice, modern methods 
of brain vessel imaging, such as CT angiography, MR angiog-
raphy, or 3D DSA (rotational digital subtraction angiography) 
lead to a more frequent diagnosis of asymptomatic cases 
of this disease. Therefore, the knowledge of radiological 

symptoms has a significant influence on the right diagnosis 
and management of patients with moyamoya disease.

Epidemiology, Aetiology and Clinical Symptoms of 
Moyamoya Disease

High incidence of the disease is noted mainly in Asia (in 
Korea and Japan predominantly), with 3 cases per 100,000 
of paediatric population [2]. In non-Asian countries, the 
incidence is much lower - in Europe, it is ten times lower 
than in Japan [3,4]. In Poland, there were only single 
reports, and this topic has rarely been discussed in the 
Polish medical literature [5,6].
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The aetiology of moyamoya disease is poorly understood. 
Genetic background is frequently mentioned because in 
15% of cases, the disease is found in other family members 
[3]. These are most probably the cases of multifactorial 
autosomal inheritance. Studies by Mineharu et al. pointed 
to locus 17q25 as having causal relationship with the dis-
ease [7]. Genetic theory is also supported by the relation-
ship with other genetic diseases; the disease is much more 
frequent in children with Down syndrome, who also reveal 
other vascular abnormalities, such as thrombosis of the 
venous sinuses [8].

Vascular lesions typical for moyamoya disease may also 
develop in HCV-infected individuals, patients with cryo-
globulinemia, sickle-cell disease, and individuals after 
radiotherapy of tumours of the optic chiasm [9–11]. Cases 
in which the aetiological factor was determined, are 
termed ‘moyamoya syndrome’. However, in most of the 
patients, the lesions are not caused by any known risk fac-
tors, i.e. develop in healthy individuals, and are then classi-
fied as moyamoya disease [12].

The disease is most common in children and young adoles-
cents. There are observed two peaks of incidence – in the 
first and 3–4 decade of life [3]. The disease is more frequent 
in women, and the ratio of women to men with the disease 
amounts to 1.8:1 [13], or even 4.25:1, according to German 
authors [14].

The most common clinical symptoms of the disease 
include: sudden onset of hemiplegia, with sensation distur-
bances and aphasia [15]. There may also appear headaches, 
vertigo, seizures and involuntary movements [16]. There 
were reported cases of cognitive dysfunction or psychoor-
ganic syndrome [17].

According to the Classification of the Japanese Health 
Ministry, there are 4 clinical forms of the moyamoya dis-
ease: ischaemic, haemorrhagic, epileptic, and ‘other’ [16]. 
The ischaemic form is most common in children, while the 
haemorrhagic form is more popular in adults. In children, 
the moyamoya disease has a form of transient ischaemic 
attacks (TIA) or lacunar strokes, leading to mental retarda-
tion [18]. In adults, there may appear intracranial haem-
orrhages, including subarachnoid haemorrhages [16,19]. 
There were also reports on strokes of ‘the last meadow’ 
type in adults [19]. Rarely reported clinical symptoms 
include also alien limb syndrome [20]. In the European pop-
ulation, the disease symptoms appear mostly at a later age 
than in Asian countries, and the haemorrhagic lesions are 
less frequent [14,21].

The clinical course is variable. The disease may progress 
slowly, with rare stroke incidents, while in some of the 
cases, there is a fast progression with a sudden deteriora-
tion of the neurological status. Ischaemic incidents may 
repeat, especially in the first years of the disease. The 
risk of repeated ischaemic strokes is from 65% to 82% (for 
bilateral lesions) [21]. In patients from Asian countries, on 
the other hand, repeated haemorrhagic strokes are quite 
common – the risk of repeated haemorrhage amounts to 
30–65% [3].

Morphological Lesions and Imaging Diagnostics in the 
Moyamoya Disease

Changes appearing in the course of the disease include 
mainly the terminal parts of internal carotid arteries and/
or proximal parts of middle and anterior cerebral arteries 
[13]. In the affected cerebral vessels, pathological examina-
tions do not show atherosclerotic or inflammatory lesions 
and the cause of stenosis is the overgrowth of the smooth 
muscle layer, with thrombotic changes [22].

The disease leads not only to a different degree of steno-
sis and occlusions of large arteries of the anterior part of 
the Willis circle, but also to the development of the collat-
eral vasculature that produces a typical angiographic image, 
called ‘clouds of smoke’ or ‘puff of cigarette smoke’ [12]. The 
vessels of the collateral circulation are formed as a result 
of widening of the existing vessels or development of new 
perforating arteries [23]. These arteries are small or medi-
um-sized muscular arteries, branching from intracranial 
parts of internal carotid arteries, posterior cerebral arteries 
or anterior choroidal arteries. The vessels of the collateral 
circulation combine with distal branches of the middle cere-
bral arteries. There are three main pathways of collateral 
circulation – parenchymal, meningeal, and transdural.

Collateral parenchymal vessels (described as vessels of 
‘moyamoya’ type) are small, twisting, wide vessels pene-
trating towards the base of the brain, along the course of 
thalamo-striatal arteries and lenticulo-striatal arteries [13]. 
Transscleral anastomoses develop between the superficial 
temporal artery and the middle meningeal artery or the 
optic artery and the anterior or middle cerebral artery, per-
forating the dura mater [24].

In the vessels of the collateral circulation, there may appear 
thrombotic changes, which are the cause of ischaemic symp-
toms. An increased blood flow through thin collateral walls 
during stress, as well as the presence of microaneurysms, is 
the probable cause of intracranial haemorrhages [12].

Angiographic criteria of the diagnosis of moyamoya dis-
ease were established in 1998 [25]. They include stenosis or 
occlusion of the distal parts of intracranial internal carotid 
arteries and proximal parts of anterior and middle arter-
ies, as well as the presence of collateral vasculature in the 
regions of the brain base, without causal disease. In case 
of bilateral changes, the diagnosis is considered as sure. 
Unilateral changes are qualified as probable.

Naturally, CT examination is sufficient to diagnose isch-
aemic or haemorrhagic stroke in the course of the disease 
[26] (Figure 1). Ischaemic foci may be present in basal gan-
glia and in the white matter – periventricularly and sub-
cortically [12]. In case of patients with TIA symptoms, the 
results of the studies are negative.

The presence of occlusions or stenoses of large intracranial 
vessels and the presence of collateral vasculature in a rou-
tine contrast-enhanced CT should suggest a suspicion of 
the disease, especially in young individuals [26]. In ambigu-
ous cases, it is indicated to carry out MRI, which not only 
helps in establishing the diagnosis, but also allows for a 
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better evaluation of the range and time phase of ischaemic 
lesions [27] (Figure 2). The use of diffusion techniques sub-
stantially increases the diagnostic value of the MRI studies 
in these cases [28]. FLAIR sequence is also very useful, as 
it helps to diagnose the ‘ivy sign’, i.e. an increase in sig-
nal intensity along the fissures and gyri of cerebral hemi-
spheres, resulting most probably from the reduction of the 
cortical flow [29] (Figure 3A, B). The MRI study is also very 
useful in visualising late sequelae of the previous strokes, 
i.e. brain atrophy and widening of the ventricular system 
and of the pericerebral fluid spaces [29,30].

Before modern angiographic examinations (such as CTA or 
MRA) were introduced to a wide clinical practice, the final 
diagnosis of the vascular changes was based on conven-
tional angiography or digital subtraction angiography (DSA) 
[31]. At present, the diagnosis of the whole range of vascu-
lar changes in the course of the disease is based mainly on 
MRA and CTA, using multi-row systems [32–34] (Figure 4A, 
B). There were also single reports on the use of transcranial 
Doppler ultrasonography. However, this method does not 
have any significance in disease diagnostics [35,36].

Angiographic examinations distinguish 6 degrees of the 
severity of vascular changes [37]. The first degree includes 
only stenosis of the carotid artery. In the 2 and 3 degree, 
the collateral vasculature of moyamoya type develops and 
increases its range (Figures 5, 6). In the fourth and fifth 
degree, these vessels start disappearing, and in the sixth 
degree they become invisible (Figure 7) – the collateral ves-
sels branch only from external carotid arteries.

An important issue reported on in the literature is also the 
quantitative evaluation of haemodynamic disturbances of 
the cerebral circulation in the course of the moyamoya dis-
ease, evaluated on the basis of PET, SPECT, and perfusion 
CT and MRI [38–41].

Comparative studies, including vascular and perfusion 
examinations, have shown significant correlations between 
the angiographic image and the regional perfusion. As the 
disease normally affects both internal carotid arteries, and 
not the posterior part of the arterial circle of Willis, the 

Figure 1.  A 39-year-old women, 3 years after stroke, preceded by TIAs 
(Case 1). CT examination – hypodense area attributable to 
malacia after stroke in the right temporal and occipital lobe.

Figure 2.  Case 1. MR study, FLAIR image in axial plane. Hyperintense 
lesion in the right temporal and occipital lobe.

Figure 3.  Case 2. A 35-year-old man with facial and arm paresis. MR 
study, FLAIR image in axial plane. Hyperintense lesion in the 
right basal ganglia (A). Cortical stroke in the left frontal lobe 
and ivy sign in the right frontal lobe (B).

A

B
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individuals with moyamoya disease experience a decrease 
in frontal blood flow (dominant in normal conditions), with 
normal or increased blood flow in occipital lobes [41,42].

On the basis of perfusion studies, it was also found out 
that in children with moyamoya disease there is a decrease 
in cerebral blood flow (CBF) and increase in cerebral 
blood volume (CBV) and in O2 extraction fraction (OEF), 
much more pronounced than in adult populations [43,44]. 
Moreover, it was reported that the reduction of CVR (cere-
brovascular reserve) is higher in children, which was 
evaluated on the basis of tests with acetazolamide or CO2. 
Such differences may explain higher incidence of ischaemic 
lesions in paediatric populations – as opposed to intracra-
nial haemorrhages, which are more often in adults [45].

The results of the studies on haemodynamic disturbances 
in adults are not homogeneous. The majority of papers 
reported disturbances similar to changes observed in chil-
dren [42]. However, some of the reports did not confirm the 
presence of significant changes in perfusion parameters in 
adults [44]. These differences follow most probably from 

heterogeneity of the studied groups and depend on sever-
ity of changes and the presence of the collateral circula-
tion. Piao et al. [42] found that patients with clinical symp-
toms of ischaemia or with collateral circulation, experience 
an increase in CBV and decrease in CVR, as opposed to 
the group of patients without a well-developed collateral 
vasculature. On the other hand, Nariai et al. [38] showed 
that in cases with ischaemic stroke or TIA, there fol-
lowed an increase of CBV and OEF, while in patients with 
haemorrahges or TIA, there were no changes in perfusion 
parameters.

Conservative and Surgical Treatment

Causal treatment of the disease is not known. Cases of mild 
clinical course are normally treated conservatively. In severe 
cases, it is indicated to carry out surgery [13]. It is also indi-
cated to administer antiplatelet medicines. Anticoagulative 
therapy is rarely used, due to the risk of bleeding [12].

Surgery includes direct anastomoses, indirect procedures, 
and combined therapies. Anastomoses are usually per-
formed between the superficial temporal artery and the 

Figure 4.  Case 1, Suzuki grades III/IV. CT angiography, 3D 
reconstruction. Narrowing of the distal segments of both 
ICAs. Narrow or locally not visible segments A1 of the 
anterior cerebral arteries and M1 of the middle cerebral 
arteries (A). Moyamoya collaterals visible only in MIP 
reconstruction (B).

A

B

Figure 5.  Case 1, Suzuki grades III/IV. MR angiography, ToF (time-
of-flight) technique, MIP reconstructions in sagittal (A) 
and axial plane (B). No signal from either of the anterior 
cerebral and middle cerebral arteries. Collateral vessels of 
“moyamoya” type, visible at the base of the brain.

A

B
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middle cerebral artery (STA-MCA, i.e. superficial tempo-
ral artery – middle cerebral artery anastomosis) [17,46]. 
Indirect procedures include synangiosis involving place-
ment of vascularised tissue in the brain cortex, in order to 
promote neoangiogenesis. This type of procedure uses dura 
mater (EDAS – encephaloduroarteriosynangiosis), muscle 
tissue (EDAMS – encephaloduroarteriomyosynangiosis) or 
cranial periosteum [46]. Because procedures of this type 
do not prevent from recurrence of ischaemic incidents, 
combined therapies are advised [47]. In a large material 
of Japanese authors, including 140 patients treated surgi-
cally, successful results were obtained in 92.9% of cases, 
and complications were noted only in 2.9% of patients [45]. 
According to the data from the metaanalysis of Fung et al. 
[48], including 1156 cases, the risk of symptomatic disease 
recurrence after surgery amounted to merely 2.6% and 
was much lower than in patients treated conservatively, 

with 2/3 of them experiencing progression of the symptoms 
within 5 years of the disease process [12].

Recently, there has also been reported a successful implan-
tation of a stent to the internal carotid artery in a young 
woman with moyamoya syndrome and recurrent TIA 
symptoms [49].

Before a planned procedure, it is indicated to evaluate the 
cerebral circulation in detail. Non-enhanced MRA has a high 
spatial resolution but does not allow for a satisfactory time-
dependent evaluation of cerebral circulation. Moreover, this 
technique overestimates the degree of stenosis of the Willis 
circle arteries and underestimates the extension of the col-
lateral vasculature [50]. Thus, it is indicated to perform 
CAS including all intracerebral and external carotid arter-
ies before surgery. Such a comprehensive imaging aims at 
visualising all collateral vessels, in order not to injure any of 
them during surgery. An alternative method is the contrast-
enhanced MRA with subtraction technique, which is char-
acterised by a high time resolution, comparable with CAS 
[51], or examination with the use of 3T high-field-strength 
MR [52]. In order to evaluate the cerebrovascular reserve 
before the procedure, it is indicated to perform also SPECT 
examination with acetazolamide test, which is the main cri-
terion of qualification for surgery [17,53]. Helpful may be 
also other methods of cerebral blood flow evaluation – CT 
perfusion, MRI or PET [40,41,43,45]. Perfusion examinations 
are also used to evaluate the effectiveness of the procedure 
and to improve haemodynamic parameters: increase of cere-
brovascular reserve and decrease of CBV and OEF [43,54].

Conclusions

Despite its low incidence in the European population, the 
moyamoya disease should be taken into account as a possi-
ble cause of ischaemic strokes or spontaneous intracranial 
haemorrhages in young individuals.

Figure 6.  Case 3, Suzuki grade III. A 33-year-old man with seizures, 
aphasia and right-sided hemiparesis. Angiogram of the 
right (A) and of the left (B) internal carotid artery. Stenosis 
of the distal parts of the internal carotid arteries; proximal 
stenosis of anterior and middle cerebral arteries; single 
“moyamoya” collateral circulation vessels

A

B

Figure 7.  Case 2, Suzuki grades V/VI. MR angiography, MIP 
reconstruction in axial plane. No signal from either of the 
anterior or middle cerebral arteries; collateral circulation 
vessels not visible.
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Surgery is the only successful method of treatment, pre-
venting from disease recurrence. A proper qualification for 

surgery should base on a comprehensive angiographic and 
imaging evaluation of brain structures.
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