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ABSTRACT
Objective: Moyamoya disease is a rare progressive cerebrovascular disorder. It is characterized by progressive stenosis in the terminal 
branches of the internal carotid arteries, leading to the formation of an abnormal vascular network. The aim of this study was to present 
the clinical findings and outcomes of pediatric patients diagnosed with Moyamoya disease by analyzing our cohort to identify the common 
clinical presentations, diagnostic challenges, and treatment outcomes associated with this rare cerebrovascular disorder.
Material and Methods: Nine pediatric cases of Moyamoya disease admitted over a 10-year period were retrospectively reviewed. 
Clinical presentations, associated diseases, radiological findings, treatments, and outcomes were analyzed. 
Results: The median age at diagnosis was 48 months (3-87). Presenting symptoms included hemiparesis in five patients, seizures in 
six patients, headache in one patient, and choreathetosis with headache in one patient. Three patients experienced symptoms triggered 
by fever, and one patient by exposure to hot water. Seven patients presented with ischemic symptoms, while two presented with non-
ischemic symptoms. Neurofibromatosis type-1 (NF-1) was associated with the disease in four patients. Recurrent attacks occurred in two 
patients. Interictal electroencephalograms (EEGs) showed hemispheric/focal slowing in five cases. Cranial magnetic resonance imaging 
(MRI) revealed infarctions in seven patients, and MR angiography showed bilateral findings in six patients. Two patients experienced no 
long-term sequelae.
Conclusion: Moyamoya disease manifests with both ischemic and non-ischemic symptoms. Recognition of non-ischemic presentations 
requires a high index of suspicion for accurate diagnosis.
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INTRODUCTION

Moyamoya disease (MMD) is a rare chronic cerebrovascular 
condition of unknown etiology. The disease is particularly prevalent 
in East Asian populations, with a higher incidence in Japan, Korea, 
and China compared to Western countries. In Japan, the annual 
incidence is estimated to be between 0.35 and 0.94 per 100.000 
individuals. The peak onset typically occurs in children between 5 
and 10 years of age. The disease is characterized by progressive 
occlusion or narrowing of the supraclinoid internal carotid artery 
and its major branches in the circle of Willis, usually bilaterally and 
idiopathically. Patients may present with recurrent ischemic or 
hemorrhagic strokes, as well as non-ischemic manifestations (1).

Moyamoya disease is referred to as moyamoya syndrome 
(MMS) when it co-occurs with another clinical condition such as 
neurofibromatosis type-1, genetic disorders (e.g., trisomy 21, 
Williams syndrome, PHACE syndrome), sickle cell disease, among 
others (2). The presence of familial cases and regional disparities 
in epidemiological data suggests a genetic component in its 
pathogenesis.

There are extensive series on moyamoya disease in the literature, 
with many studies originating from regions like Japan where the 
prevalence is high. Some of these studies include both adult and 
pediatric patients. However, in our country, it is rarely seen. We 
aimed to contribute to the literature by presenting our cohort, 
which, despite the small number of patients, includes a young age 
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revascularization procedures were performed in two patients. No 
sequelae were observed in two patients. Genetic testing revealed 
a positive result for a mutation in the RNF213 gene in one patient, 
while genetic analysis was not conducted for the other patients. 
The results are presented in Table I. 

In our series, there was only one patient who presented with a 
movement disorder. This case initially experienced migraine-
like headaches for six months, which resolved spontaneously. 
However, one year later, an 8-year-old boy presented with a two-
week history of involuntary movements in his upper extremities. 
General physical examination revealed no abnormalities, and 
neurological examination showed bilateral involuntary, brief, 
irregular, and wavering movements, predominantly in his upper 
extremities. There was no history of drug therapy or family 
history of similar conditions. Laboratory studies, including routine 
blood count, blood amino acids, urine acids, electrocardiogram, 
chest radiography, tests for collagen vascular disease, renal 
function, liver function, and coagulation tests, were all normal. 
Echocardiography showed normal findings. Baseline thrombophilia 
tests were negative. A heterozygous mutation of the MTHFR 
gene was identified. On imaging, axial Fluid-Attenuated Inversion 
Recovery (FLAIR) images revealed high signal intensity at the sulci, 
known as the ‘ivy sign,’ and axial contrast-enhanced T1-weighted 
images showed diffuse leptomeningeal-sulcal enhancement 
(Figure 1-2). Time-of-flight (TOF) MRA demonstrated multiple 
tortuous dilated collateral vessels, characteristic of ‘moyamoya 
vessels (Figure 3). Contrast-enhanced MRA maximum intensity 
projection (MIP) images of bilateral cervical and petrous segments 
of the internal carotid arteries revealed diffuse narrowing, more 
pronounced on the right side. Bilateral occlusion of the cavernous 
and clinoid segments of the internal carotid artery was observed 
(Figure 4). Following this finding, genetic testing was requested, 
which identified a heterozygous variant, RNF213 c.12037G>A 
(p.D4013N) (p.Asp4013Asn). This variant has been previously 
documented and is listed in the HGMD database as associated 
with Moyamoya disease. Furthermore, it is classified in the ClinVar 
database as highly likely pathogenic. Treatment with acetylsalicylic 
acid rapidly resolved the choreic movements, and no recurrence 
was observed thereafter. Cranial MRI findings revealed evidence 
of infarction in seven patients, consistent with the ischemic events 
associated with Moyamoya disease/syndrome (Figure 5).

DISCUSSION

MMD is a rare chronic cerebrovascular occlusive disorder with 
a multifactorial inheritance pattern, although its exact etiology 
remains unknown. The primary manifestation of the disease 
is cerebral ischemia. Transient ischemic attacks (TIAs) can be 
triggered by events such as hyperventilation, dehydration, fever, 
and crying in infants, leading to reduced cerebral blood flow 
(3). In our cohort, presenting symptoms were triggered by fever 
in three patients and by exposure to hot water in one patient. 
Fever is the most commonly reported trigger in the literature (4). 
Therefore, MMD should be considered in cases of TIAs triggered 
by hyperventilation, dehydration, fever, and crying, highlighting the 

group and a high proportion of patients with Neurofibromatosis 
type 1 (NF1), as well as diverse clinical presentations.

MATERIALS and METHODS

Patients diagnosed with moyamoya disease/syndrome in the 
pediatric neurology outpatient clinic between 2013 and 2023 were 
included in the study. All patients with a diagnosis confirmed by 
clinical and imaging findings were enrolled. Patients with insufficient 
data or follow-up duration were excluded from the study. 

Demographic data such as age, gender, and age at diagnosis 
were recorded from hospital charts. The presenting complaints, 
neurological examination findings, clinical symptoms, concomitant 
diseases of the patients were documented in detail. Brain MRI, 
magnetic resonance angiography (MRA), and other relevant imaging 
results were reviewed and recorded. Surgical interventions (e.g., 
revascularization surgeries), medical treatments were detailed. The 
clinical course, prognosis, complications, and outcomes during the 
follow-up period were recorded.

Diagnostic delay was defined as cases diagnosed at least one year 
after the initial presentation.

The study was approved by Karadeniz Technical University, Faculty 
of Medicine, Clinical Research Ethics Committee 2023/173 - 
10.03.2023.

Statistics:

Data analysis was performed using the Statistical Package for the 
Social Sciences version 23 (SPSS Inc., Armonk, NY, IBM Corp., 
USA) software. Numerical data were expressed as median (min-
max) and categorical variable as number and percentage

RESULTS

Nine patients were diagnosed with Moyamoya disease/syndrome 
(MMD/MMS). None of the patients had a family history of 
Moyamoya, and there was no consanguinity between the parents. 
The median age at diagnosis was 48 months (3-87). Diagnostic 
delay was observed in three patients. The male-to-female ratio 
was 2:1. Seizures were observed in five patients, hemiparesis 
in five patients, headache in one patient, and headache with 
choreoathetosis in one patient. One of the cases presented 
with status epilepticus. Symptoms were triggered by fever in 
three patients and exposure to hot water in one patient. MMS 
was associated with neurofibromatosis type 1 in four patients. 
Recurrence occurred in two patients. MMD/MMS was bilateral 
in five patients and unilateral in three patients initially. Disease 
progression to bilateral involvement was observed during follow-
up in one patient initially diagnosed with unilateral disease. 
Interictal EEGs showed hemispheric slowing in six cases. Baseline 
thrombophilia tests (anticardiolipin antibodies, factor V Leiden 
mutation, prothrombin II mutation, homocysteine, Protein C, 
protein S) were negative in all patients. All patients received aspirin 
therapy, with one patient additionally receiving fraxiparine. Direct 
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importance of recognizing and managing these potential triggers in 
clinical practice.

The mean age at diagnosis of MMD has been reported between 
5.4 and 10.1 years in previous studies (5-7). In our series, the age 
at diagnosis was lower, with a mean of 38.6 months (3-87). This 
difference is a significant aspect of our study, possibly attributed 
to the inclusion of patients with very early symptom onset and 

a high rate of presentation with hemiparesis, facilitating prompt 
diagnosis. Three patients were diagnosed before the age of one; 
two presented with status epilepticus, and one with hemiparesis. 
Seizure control was achieved with levetiracetam in these patients. 
One of these patients presents with hemiparesis, while both exhibit 
no significant impairments in cognitive function. Consistent with 
findings in the literature, female predominance was observed (8,9).

Table I: Clinical findings
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Aspirin,
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NCF - N Brush sign, 
Infarct Bilateral ICA occlusion

2 M/8 8 46 f*
Left focal 

seizure, febril 
status

Aspirin,
 AE NF-1 - N No sequelae  -

Right 
hemisferic
slowing

Infarct Right MCA occlusion

3 F/3 36 f Seizure, status
Hemiparesis

Aspirin,
AE - - 2 Hemiparesis

NCF -
Right CTO

slowing Infarct Bilateral ICA stenoz

4 F/24 54 68 hw Headache, 
seizure

Aspirin,
AE NF-1 - 1 Mild ID -

Right 
hemisferic
slowing

- Right ICA; MCA ACA 
stenosis

5 F/30 48 48 f
Febril seizure/
seizure and 

aphasia
Aspirin NF-1 2 3 Hemiparesis

Mild ID - N Brusch sign, 
Infarct/Infarct

Right ICA, MCA ,PCA 
occlusion, Right ACA 
stenoz Then Bilaretal ICA 
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AC: Associated condition, AE: Antiepileptic, CTO: Centro-temporo-occipital, DA: Diagnose age, F: Female, FC: Fronto-central, FP: Follow up period, 
f: Fever, P: Patient,H: Hemisferic, hw: Hot Water, ICA: Internal carotid artery, IR: Indireck revascularation, ID: Intellectual Disability, M: Male, MCA: 
Middle cerabral artery, m: months, N: Normal, NCF: Normal Cognitive Functioning, NF-1: Neurofibromatosis type-1, PCA: Posterior cerebral artery, R: 
Recurrence, S: Sex, TPO: Temporo-parieto-occipital 

Figure 1 : Axial FLAIR image shows high signal 
intensity at sulci called ‘ivy sign’ (black arrowheads) 
(Case 7).

Figure 2 : Axial contrast enhaced T1- weighted 
image at same level shows diffuse leptomeningeal-
sulcal enhacement (white arrowheads) (Case 7).

Figure 3 : TOF (time of flight) MRA shows the multiple 
tortuous dilated collateral vessels called ‘moya moya 
vessels’ (arrowheads) (Case7).
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presentation (52.11%), followed by infarctions (26.6%). Similar 
rates were reported in a Chinese series, with TIAs at 48.8% and 
infarctions at 20.5% (6). In an Italian series, the rates were 26% for 
TIAs and 29% for infarctions. These regional differences in clinical 
presentation suggest variability in disease manifestation. Our 
study was limited by the small number of cases, which may have 
influenced the observed clinical patterns.

Patients with MMD may also present with non-ischemic 
manifestations such as headache and choreoathetosis (1). 
Some patients are incidentally diagnosed (16,17). In our study, 
two patients presented with headache, one of whom developed 
choreoathetosis one year after the initial headache. Tomohito et al. 
(8) reported that approximately 20% of MMD patients experience 
symptomatic headaches, which are more prevalent in pediatric and 
young populations. Migraine-like headache is a common symptom 
in MMD, potentially attributed to chronic hypoxemia in pediatric 
patients (8,18-21). Furthermore, cortical ischemia often leads to 
the frequent occurrence of epilepsy among pediatric patients, with 
five of our patients receiving antiseizure medication.

Presentation with movement disorders is rare in MMD and typically 
results from basal ganglia damage (18,22-25). The frequency of 
movement disorders in MMD is estimated to be between 3% and 
6% (5,22). Cerebral ischemia is a recognized cause of movement 
disorders in MMD, with chorea being the most prominent 
symptom, along with choreo-athetosis, dystonia, limb-shaking, 
epilepsia-partialis continua, paroxysmal dyskinesia, hemidystonia, 
and hemichoreoathetosis also observed (8,11). These conditions 
are thought to arise from ischemic events affecting specific 
brain areas, particularly the basal ganglia and thalamocortical 
regions. In our case of chorea presentation, MRI did not reveal 
any ischemic changes. This clinical condition likely results from 
vascular bed inadequacy and cerebral hypoperfusion. Hara et al. 
(26) demonstrated microstructural damage in normal-appearing 
brain parenchyma using neurite orientation dispersion and density 
imaging, suggesting that symptoms in our patient may stem from 
such microstructural changes in the basal ganglia. Chorea is 
uncommonly seen as an initial presentation of MMD. Despite our 
study’s small sample size, the coexistence of rare presentations 
represents another notable aspect of our series.

The diagnostic criteria for Moyamoya disease were updated 
in 2021, resulting in the abolition of the bilaterality rule and the 
terms “definite case” and “probable case” from the MRI and MRA 
criteria (18). In the revised criteria, the entity known as Moyamoya 
syndrome is recognized in the presence of associated conditions 
such as Down syndrome, brain tumors, and meningitis. In our 
study, Moyamoya syndrome was diagnosed in four patients due to 
their association with NF-1.

Gatti et al. (27) reported stroke occurrence in 11% of 11 patients 
with NF-1 in their study focusing on stroke rates according to 
different etiologies. In our study, stroke developed in three out of 
four patients with NF-1, as well as in three out of four patients 
without any associated conditions. Larger series are necessary to 
comprehensively assess the clinical presentation and prognosis 
based on different etiologies in Moyamoya disease.

In patients with MMD, specific MRI and EEG findings such as the 
‘ivy sign’, ‘brush sign’, and the ‘rebuilt up phenomenon’ can provide 

In the current study, diagnostic delay was observed in three patients 
(22.2%) with NF-1. This delay can be attributed to nonischemic 
symptom presentations in two patients and the initial manifestation 
of a febrile seizure in one patient. Delayed or incorrect diagnoses 
have been documented in various series investigating MMD. For 
instance, Graf et al. (10) reported a diagnostic delay exceeding one 
year in 55.2% of their 192-case series. The relatively low rate of 
diagnostic delay in our study may be attributed to the small sample 
size and the predominant presentation of infarction in most cases.

While MMD predominantly presents with hemorrhagic strokes in 
adults, it more commonly manifests as TIAs or ischemic strokes 
in children (11-13). Jung et al. (14) reported that acute ischemic 
infarcts were more frequent in children under 5 years of age, typically 
showing a gyral pattern, whereas hemorrhagic infarcts were more 
prevalent in adolescents. In our series, the most frequent clinical 
presentation was hemiparesis associated with ischemic infarction,  
with one patient presenting with TIA ( Figure 5). In a study by Yoko 
Sato et al. (15)  in Japan, TIAs were the most common clinical 

Figure 4 : Contrast enhanced MRA MIP images. Puff of smoke sign. Bilateral 
cervical and petrous segments of internal carotid arteries show diffuse narrowing 
more obvious at right (white arrows). Bilateral cavernous and clinoid segments 
of ICA are occluded (white arrowheads) (Case 7).

Figure 5 : Acute infarction in the right MCA. T2-weighted image showing 
hyperintensity. DWI showing restricted diffusion and ADC map showing low 
signal, confirming restricted diffusion (Case 6).
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17. Malone M, Ritchie D. The Mystery of a Unilateral Headache Ultimately 
Diagnosed as Moyamoya Disease. Cureus 2022;14:e26816. 
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important diagnostic clues. The ‘ivy sign’ is characterized by diffuse 
leptomeningeal-sulcal enhancement visible on FLAIR and post-
contrast T1-weighted images (Figure 1). The ‘brush sign’ refers 
to increased visibility of deep medullary vessels, best observed 
on susceptibility-weighted MRI. Another characteristic feature is 
the presence of tiny abnormal intracranial collateral vessels, often 
referred to as the ‘puff of smoke’, which is the most iconic sign 
seen on MRA images (Figure 4). The ‘rebuilt up phenomenon’ 
in EEGs describes the emergence of high-voltage slow waves 
following the termination of hyperventilation in children with MMD. 
This finding has been linked to impaired cerebral perfusion, 
reinforcing the consideration of MMD in patients exhibiting these 
EEG characteristics (28). In our series, interictal EEGs revealed 
hemispheric or focal slowing in five cases. While not specific to the 
diagnosis, this finding can serve as a warning sign, particularly in 
cases where hyperventilation testing cannot be performed.

The primary goal of treating MMD is to reduce the risk of ischemic 
attacks and hemorrhage. As per the literature, aspirin has been 
widely used in our series, being the preferred medical therapy for 
pediatric patients with asymptomatic or symptomatic ischemic type 
MMD or MMS (29). However, recent discussions suggest that the 
ischemic state in MMD is primarily due to hemodynamic rather than 
embolic factors, which may limit the efficacy of aspirin in preventing 
recurrent infarctions (6,30). Yamada et al. (31) found no significant 
difference in cerebral infarction rates between groups receiving and 
not receiving antiplatelet therapy in ischemic Moyamoya patients, 
with lower recurrence of infarcts observed in the surgical treatment 
group. Additionally, the surgical group experienced longer periods 
free of ischemia, and no significant variation was noted among 
different surgical techniques in terms of ischemia or bleeding-
free intervals. Consequently, surgical interventions have gained 
acceptance as a more effective treatment approach. Patients 
who experience recurrent progressive ischemic attacks with 
reduced perfusion reserve are considered candidates for surgical 
intervention.

MMD is recognized as a progressive condition with a generally 
poor prognosis, particularly evident in patients under the age of 
four, who often experience a high incidence of cerebral infarction 
(32). In our study, eight patients were aged four years or younger, 
and six of these patients developed sequelae. This poor outcome 
can be attributed to the younger age distribution among these 
patients. Additionally, involvement of the posterior cerebral artery 
and recurrent episodes of bleeding are identified as additional 
factors contributing to a poorer prognosis in MMD.

In conclusion, MMD can manifest with both ischemic and 
nonischemic symptoms, necessitating a high index of suspicion 
for diagnosis. MRI and EEG are valuable diagnostic tools offering 
important clues in clinical practice.
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