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Abstract
Background  Moyamoya is a rare cerebrovascular 
disorder seen predominantly in Asian populations. 
Methamphetamine use is a recognised cause of stroke 
in young people, but its pathophysiology is not fully 
understood. The incidence of moyamoya vasculopathy 
in methamphetamine-associated stroke is unknown due 
to a lack of sufficient data. We present a rare case of 
moyamoya syndrome in a young Caucasian woman with 
methamphetamine-associated stroke.
Case  A 31-year-old Caucasian woman presented with 
progressive right arm weakness, speech disturbance and 
seizures on a background of escalating methamphetamine 
use in the 9 months prior to admission. She did not have 
a personal or family history of stroke. MRI revealed 
both embolic and watershed infarcts in bilateral frontal 
regions and CT angiography showed development of 
new lenticulostriate collateral vessels. Digital subtraction 
angiography confirmed steno-occlusive disease of the 
bilateral anterior circulations and a ‘puff of smoke’ 
appearance.
Conclusion  In young patients who present with stroke 
with unclear aetiology, it is important to obtain a thorough 
substance use history. Moyamoya vasculopathy should be 
considered when evaluating the pathophysiology of stroke 
in young people.

Background
Moyamoya disease (MMD) is a rare cerebro-
vascular disease characterised by stenosis of 
bilateral internal carotid arteries and develop-
ment of dilated collateral vessels.1 Incidence 
varies across ethnic populations, with highest 
prevalence in Japan.1 2 Its pathogenesis is 
poorly understood and is likely multifacto-
rial. It is associated with certain conditions, 
such as haematological disorders, infection 
and autoimmune diseases.1–3 Mutations in 
RNF213 on chromosome 17q25.3 have been 
linked to an increased risk of developing 
MMD.3 However, this mutation shows marked 
frequency variations across populations and 
has not been detected in non-Asian patients.3 
Other susceptibility genes have not been vali-
dated in independent studies, and overall, 
genetic associations are not strong enough to 
explain the pathology of MMD.3 We present 

a rare case of moyamoya vasculopathy in 
a young Caucasian woman associated with 
significant methamphetamine use.

Case presentation
A 31-year-old Caucasian woman presented 
with 3 months of progressive right arm 
weakness, speech disturbance and seizures. 
Neurological examination showed dysarthria, 
dysphasia (reduced verbal fluency and word 
finding difficulties), right-sided hemiparesis 
and hemisensory loss. There were no signs of 
systemic disease, intercurrent illness, stigmata 
of neurofibromatosis or Down syndrome. She 
had no personal or family history of stroke. 
She was an active smoker of 10 cigarettes a day 
for 10 years. She was also a chronic cannabis 
and methamphetamine user, which escalated 
in the 9 months prior to admission to daily 
methamphetamine smoking.

Brain MRI revealed both bilateral embolic 
and watershed infarcts in frontal regions. CT 
angiography showed development of new 
lenticulostriate collateral vessels, suggestive 
of moyamoya pathology (figure  1A). Digital 
subtraction angiography (DSA) demon-
strated steno-occlusive disease of bilateral 
anterior circulations, confirming the diag-
nosis (figure 1B).

Transthoracic echocardiography did not 
show a cardioembolic source of stroke. 
Lumbar puncture, vasculitis screen, auto-
immune screen and thyroid function 
studies were unremarkable. Hepatitis and 
viral serology were negative. She was not 
hypertensive.

A repeat MRI demonstrated a new asymp-
tomatic left frontal lobe infarct, which may 
have been related to the DSA procedure 
or embolism from her stenotic disease 
(figure 1C–E). She was subsequently started 
on clopidogrel in addition to aspirin to 
prevent further intracranial artery-to-artery 
embolism. Nimodipine was prescribed to 
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Figure 1  Representative imaging findings of the clinical 
course. (A) Coronal (1) and axial (2) CT angiogram 
demonstrating development of abnormal lenticulostriate 
vessels in bilateral internal carotid arteries. (B) DSA 
demonstrating steno-occlusive disease of the right anterior 
circulation with ‘puff of smoke’ appearance. (C–E) MRI with 
fluid attenuation inversion recovery (C), diffusion-weighted 
(D) and apparent diffusion coefficient (E) sequences 
demonstrating multiple foci of acute infarction within the left 
frontal lobe as well as chronic established infarcts within the 
right corona radiata and periventricular white matter. DSA, 
digital subtraction angiography.

treat any underlying cerebral vasospasm and carbamaze-
pine was started for seizure prophylaxis.

She underwent an 8-week period of inpatient reha-
bilitation. At outpatient review 4 months later, she had 
clinically improved and experienced no further stroke 
symptoms while on dual antiplatelet therapy and ceasing 
methamphetamine. Repeat MRI showed no new isch-
aemic changes but the appearance of the intracranial 
vessels was unchanged. She continues to be managed 
conservatively with consideration of neurosurgery in the 
event of further neurological deterioration.

Discussion and conclusion
MMD is a progressive steno-occlusive disease of bilateral 
internal carotid arteries, causing development of dilated 
collateral vessels and a ‘puff-of-smoke’ angiographic 
appearance.4 First reported in 1957 in Japan, the term 
moyamoya was coined to reflect these characteristic 
angiographic findings.4 Moyamoya syndrome termi-
nology is used when moyamoya vessels are found in those 
with associated conditions such as autoimmune diseases, 

infection diseases and haematological disorders, whereas 
MMD refers to those without these conditions.1 2 4

Moyamoya has a bimodal distribution, with childhood 
onset around 5 years of age and adult onset around 40 
years of age.1 The clinical picture varies from an asymp-
tomatic benign course to disabling ischaemic or haem-
orrhagic stroke.1 Children usually present with ischaemic 
events whereas adults more commonly present with intra-
cerebral haemorrhage.1 In Japan, MMD affects almost 
twice as many females as males.5

Revascularisation surgery is the most effective treatment 
for haemorrhagic MMD but randomised controlled trials 
are lacking to support this option for ischaemic MMD.6 
Revascularisation aims to restore blood supply, stabilise 
cerebrovascular haemodynamics and prevent further 
bleeding.6 Conservative management with antiplatelet 
therapy is usually recommended, although its effect on 
course of disease is unproven.6

Our case has several rare features. Moyamoya is most 
common in East Asian populations and is extremely rare 
among Caucasians (0.94/100 000 in Japan, 0.41/100 000 
in China and 0.09/100 000 in North America).1 2 Our 
patient was Caucasian and presented with ischaemic 
events when in adults intracerebral haemorrhage is the 
far more common presentation. Furthermore, extensive 
workup to assess for presence of moyamoya-associated 
medical conditions did not reveal any of these to be 
present. In particular, there was no evidence of autoim-
mune disease, which has been associated with moyamoya 
in both East Asian and Caucasian populations.7–9

A 2015 review by Hever et al found that that MMD in 
Caucasians differs to those in Asians by a markedly lower 
prevalence and lower rates of haemorrhage in adults, 
later time of onset and a more benign course of disease.10 
They propose a theory of a distinct Western phenotype 
in MMD, which could possibly be due to a difference in 
underlying pathophysiology.10

This patient’s chronic methamphetamine use is 
notable. Methamphetamine use is a recognised cause of 
stroke in young people and accounts for significant world-
wide morbidity.11 An Australian nation-wide study found 
that one in five fatal strokes among those aged 15–44 
involved psychostimulants, of which methamphetamine 
was the most common substance implicated.12 However, 
incidence of moyamoya vasculopathy in patients with 
psychostimulant use is unknown due to a lack of sufficient 
data.11 To our knowledge, only one case has ever been 
reported of moyamoya vasculopathy being found in a 
patient presenting with poly-drug overdose.13 Toxicology 
testing found these drugs to be alcohol, cocaine, 3,4-me
thylenedioxy-methamphetamine and 2C-I, but not those 
of the amphetamine class.13

The pathophysiology of methamphetamine-
associated stroke is uncertain.10 A review of all fatal 
methamphetamine-associated strokes in Australia from 
2009 to 2015 suggested that drug-induced hypertensive 
events increased the likelihood of vessel wall damage 
and development of cerebral vasculitis.14 Other studies 
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propose that direct vascular toxicity, hypertension, vaso-
spasm or atherosclerosis may be the underlying mecha-
nism.11 15

We present a case of previously undescribed moyamoya 
vasculopathy in a young Caucasian woman with 
methamphetamine-associated stroke. The mechanism 
is not understood, and it is unclear whether moyamoya 
vessel development was secondary to or preceding signifi-
cant methamphetamine use in this patient but we suspect 
the former.

As methamphetamine use increases worldwide,11 this 
case emphasises the importance of taking a thorough 
substance use history when evaluating young patients 
who present with stroke and consider moyamoya vascu-
lopathy as an underlying disease process.
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