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Introduction 

Stroke is a neurological injury that causes significant 

morbidity and mortality. The underlying mechanism of 
stroke, occlusion of cerebral blood vessels, leads to 

ischemic strokes. Ischemic stroke is more frequent in 
adults, particularly those with risk factors such as 

hypertension, diabetes mellitus, and dyslipidemia, which 

contribute to atherosclerosis. However, ischemic stroke 
may also occur in pediatric populations due to underlying 

pathologies that differ from those seen in adults.1 
Moyamoya disease (MMD) is one of the most common 

causes of ischemic stroke in children. It has a high 
prevalence and incidence in East Asia, particularly in 

Japan, Korea, and China.2 In children, it mostly presents as 

progressive cerebral ischemia.3  
MMD is primarily characterized by  progressive 

narrowing of the internal carotid artery (ICA) bifurcation 
and the development of moyamoya vessels. However, 

posterior cerebral artery (PCA) involvement has also been 

reported.4 A study found that 20-30% of MMD cases 
involve the PCA during the disease course.5 In this case 

report, we presented a child with clinical presentations of 
ischemic stroke, which was confirmed as MMD involving 

both anterior and posterior circulation on digital 
subtraction angiography (DSA). 
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Introduction: Ischemic stroke is frequently observed in adults but may also 

occur in children. Moyamoya disease (MMD) is one of the causes of ischemic 
stroke in children. MMD is a progressive steno-occlusive large-vessel 

cerebral arteriopathy. MMD was initially defined as changes in the carotid 
artery with an abnormal vascular network, however, the changes were also 

noted in posterior circulation. Case: We reported the case of a 13-year-old 
male with right-sided weakness persisting for over 3 years. Magnetic 

resonance imaging revealed cortical infarction in the left parietal lobe. Digital 
subtraction angiography (DSA) confirmed moyamoya disease by revealing 

total occlusion of the bilateral terminal internal carotid artery and bilateral 
posterior cerebral artery, accompanied  by a puff of smoke appearance. We 

treated this patient with antiplatelet therapy for secondary stroke 
prevention. Conclusion: MMD is one of the conditions that can cause 

ischemic stroke in children. The posterior circulation is another possible site 

of MMD manifestation, but it is mostly found in cerebral anterior circulation. 

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License 

Highlights 
o Moyamoya disease is one of the causes of stroke in children 

o Moyamoya disease typically involves anterior circulation 
o Posterior circulation may also be involved in certain cases of Moyamoya disease 
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Case 

A 13-year-old male was referred to our hospital with 

a three-year history of right-sided weakness, which had 

caused frequent falls. The weakness progressively 
worsened over time. There was no history of head 

trauma, speech or communication disorders, swallowing 
difficulties, seizures, or loss of consciousness. On physical 

examination, vital signs were within normal limits. A right 
hemiparesis with a positive Babinski reflex was found, 

along with a Medical Research Council (MRC) muscle 
strength score of 4. Cranial nerve examinations were 

normal, and no meningeal signs were present.   Magnetic 
resonance imaging (MRI) of the head revealed cortical 

infarction in the left parietal lobe (Figure 1).  

 
Figure 1. Head MRI image hypointense in T1 (a), hyperintense on T2 (b) 
and FLAIR (c) showing ischemic lesion in left parietal lobe (arrow). 

DSA was then performed, and bilateral occlusion of 
the terminal branches of the ICA and PCA was found, 

along with a puff of smoke appearance that suggested 
moyamoya disease (Figure 2). We treated this patient 

with antiplatelet therapy for secondary stroke prevention. 

Discussion 

Pediatric stroke  occurs  at approximately 1.2 to 13 
cases per 100,000 children under the age of 18. Attention 

to and investigation of the causes of stroke in pediatric 

patients are important for selecting management 
strategies and determining the prognosis.1 

MMD is characterized by chronic occlusion of blood 
vessels in the circle of Willis. This chronic occlusion 

triggers the formation of abnormal collateral blood 
vessels around the affected vessels.6 Studies have 

identified two main age groups for MMD onset, which are 
5-10 years and 25-49 years3. The patient in this case 

aligns with these findings, presenting with weakness 
onset at 10 years of age. 

The most common clinical manifestation of MMD is a 
cerebral infarction or hemorrhage. In children and 

adolescents, cerebral infarction is the most common (70-

95% of cases), whereas in adults, cerebral hemorrhage is 
more frequent (19-40% of cases).3 Consistent with this 

epidemiology, the patient in this case came with cerebral 
infarction, the most common manifestation of MMD in 

children and adolescents.  
MMD can be diagnosed with MRI and MRA of the head, 

but DSA is the gold standard. According to the 2021 
moyamoya diagnostic criteria, cerebral angiography 

 Figure 2. Injection of right ICA (a) and left ICA (b) showing bilateral total 
occlusion of terminal branches of ICA with puff of smoke appearance 
(white arrow). Injection of left vertebral artery (c) showing involvement 
of PCA with puff of smoke appearance (black arrow). 

findings must include (i) stenosis or occlusion of arteries 

centered on the terminal segment of the internal carotid 
artery and (ii) the appearance of abnormal vascular 

networks around the occluded or stenotic vessels in the 
arterial phase.7 DSA in our patient showed occlusion of 

the terminal internal carotid arteries and the presence of 
abnormal vascular networks around the occluded 

vessels, known as the “puff of smoke,” supporting MMD 
diagnosis.8 Based on angiographic findings, MMD is 

classified into six stages (Table 1).3 Based on the DSA 

findings, the patient in this study had stage 2 MMD due to 
the visible moyamoya collaterals around the narrowed 

vessels. 
The diagnostic criteria for MMD primarily focused on 

changes in the ICA; however, it's important to note that 
MMD can also affect the posterior circulation, particularly 

the PCA.9 Studies have shown that 20-30% of children 
diagnosed with MMD initially exhibit PCA stenosis.5 

Various classification systems for MMD have been 
developed, including one by Mugikura et al., which 

categorizes angiographic findings related to PCA 
involvement (Table 2). Mugikura's classification system 
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indicates that the angiographic findings for the patient 
described in this case report align PCA stage 3. 

Table 1. Angiographic stages of MMD by Suzuki et al2 
Stage Findings 

1 Narrowing begins at the ICA bifurcation 

2 
Moyamoya collaterals seen around narrowed 

vessels 

3 Worsening of collateral vessels 

4 
Exacerbation of narrowed vessels and initial 

weakening of the collaterals 

5 

Occlusion of large associated vessels and more 

pronounced reduction of surrounding moyamoya 
changes 

6 
Disappearance of the moyamoya collaterals and 
vessels of the ICA system, which have come to be 
supplied by the external carotid artery 

 
Table 2. Angiographic PCA staging of MMD by Mugikura et al9 
PCA 

Stage 
Angiographic Findings 

1 No occlusive changes in the PCA 

2 
Stenosis in the PCA with or without slightly 
developed PCA moyamoya 

3 
Severe stenosis or virtually complete occlusion of 
the PCA with well-developed PCA moyamoya 

4 Occlusion of the PCA with decreased PCA moyamoya 

 
According to the study, a significant factor associated 

with PCA stenosis in MMD is the presence of an initial 
infarction, as demonstrated by our patient’s head MRI 

examination.10 On the other hand, it has been postulated 

that involvement of the posterior circulation in MMD serve 
as a source of collateral channels for the anterior 

circulation.11 
According to the study, a significant factor associated 

with PCA stenosis in MMD is the presence of an initial 
infarction, as demonstrated by our patient’s head MRI 

examination.10 On the other hand, it has been postulated 
that involvement of the posterior circulation in MMD serve 

as a source of collateral channels for the anterior 
circulation.11 

Conservative and surgical approaches are currently 
the two main treatment options for moyamoya disease 

(MMD). However, there is no consensus on the optimal 
management strategy due to a lack of strong evidence 

comparing the long-term outcomes of these treatment 

options.3 No pharmacotherapy can inhibit the progression 
of vascular disorders, even in asymptomatic conditions. 

Antiplatelet and anticoagulant medications can be used 
to prevent secondary stroke.3,12  

Recent studies increasingly recommendsurgical 
intervention for the treatment of MMD, as conservative 

treatment has not been proven effective. Surgical 
intervention may be considered when cerebral 

hemodynamics are impaired, as indicated by angiographic 
findings in the Suzuki classification.    The progressive 

nature of MMD and its potential to cause significant 

neurological disabilities, especially in children, have led to 
a growing preference for surgical approaches.13 

However, surgery for MMD is still controversial, 
especially when it comes to perioperative complications.2 

A previous study found that rapid disease progression 
occurred in patients under three years of age; therefore, 

early surgical intervention is necessary without delay in 

this age group. In contrast, the urgency for surgical 
intervention may be lower in older children due to slower 

disease progression. Perioperative complication rates 
also appear to be lower when surgery is performed within 

three months of symptom onset.14 In our case, however, 
the patient’s symptoms began 3 years prior. The longer 

duration in this case may make conservative 
management more appropriate. The decision to treat this 

patient conservatively is also supported by the results of 
a study that  found that reduction of the stroke risk by 

surgery is most striking in MMD presenting with 
hemorrhagic stroke but not in ischemic stroke.13 MMD in 

children who are treated conservatively still had overall 
good neurological and functional outcomes.15 

 

Conclusion 

MMD causes ischemic strokes in children. DSA is the 
gold standard for diagnosing MMD. MMD primarily 

involves the anterior circulation but, in some cases, can 
also involve both the anterior and posterior circulation. 

The treatment of MMD can include medications and 
surgery. Surgery can be considered, but several factors 

must be taken into account, including  age, MMD 
progression, and the possibility of perioperative 

complications. This case report provides clinicians 
worldwide with  valuable insight into the diverse 

manifestations of MMD in children, as well as 

management options.  
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