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ARTICLE INFO ABSTRACT

Article history: Moyamoya is a rare cerebrovascular disorder marked by chronic, gradual blockage of the cir-
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in all races of varying age distributions and clinical features. As a reason, Moyamoya dis-

ease has been under-recognized as a cause of hemorrhagic and ischemic strokes in Western

Keywords: nations. There is no proven solution at this time, and there is debate over current care meth-
Cerebrovascular arteriopathy ods. The authors identify a case of a 40-year-old male with a small subcutaneous nevus-like
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Introduction

Moyamoya disease (MMD) is a rare, chronic cerebrovascular
arteriopathy, characterized by a progressive stenosis and
occlusion of the distal segment of the internal carotid artery
(ICA) and its branches, the middle cerebral artery (MCA)
and/or the proximal anterior cerebral artery (ACA) [1,2].
This progressive stenosis affecting important parts of the
cerebral vasculature, leads to the development of an abnormal
collateral circulation at the base of the brain [1,2].

The angiographic image of this network of vessels has the
appearance of a hazy puff of smoke or moyamoya in Japanese
[3]. Moyamoya is a descriptive term, first coined by Suzuki and
Takaku in 1969, to describe this particular angiographic pic-
ture and to suggest that it accounted for a new pathological
entity, that was later named Moyamoya disease [3]. A distinc-
tion is usually made between Moyamoya disease (the occlusion
is bilateral and idiopathic or unilateral) and Moyamoya syn-
drome (the occlusion is associated with an underlying systemic
condition) [4]. Diagnostic criteria for Moyamoya disease were
revised to encompass both bilateral and unilateral presenta-
tions, due to an increasing number of patients presenting with
a unilateral occlusion that eventually progressed to a bilateral
involvement [2].

The prevalence of MMD is higher in East Asian countries
compared to other regions, ranging from 10.5/100,000 in Japan
to 16.1/100,000 in South Korea [1]. The incidence has a bimodal
distribution pattern with two peaks, one at the age of 10 years
old, and the other one later in life, at the ages of 35-50 years
old [1,5]. Generally, the incidence in females is slightly higher
than in males [1,5].

The pathophysiology of MMD remains to be elucidated,
however some susceptibility genes have been identified,
RNF213 being one of the most important ones associ-
ated with familial MMD [1]. Other implicated genes include
BRCC3/MTCP1 and GUCY1A3 genes [5]. An autoimmune asso-
ciation in the pathogenesis of MMD has been hypothesized,
due to elevated levels of multiple autoimmune antibodies
[1,5]. An overexpression of proangiogenic factors and other cy-
tokines has also been found in MMD cohorts [5]. These find-
ings suggest that they contribute to the development of the
collateral circulation, as well as the progression of the dis-
ease, further implicating chronic arterial inflammation in the
pathogenesis of MMD [1,5].

The clinical presentation of MMD includes transient is-
chemic attacks (TIA), ischemic stroke, hemorrhagic stroke,
epilepsy, headache and cognitive dysfunction [1,2]. Most pe-
diatric patients present with ischemic symptoms including
TIA-s and ischemic strokes [1]. Nevertheless, there have been
previous reports of asymptomatic cases of MMD, in litera-
ture. A well-established definition of asymptomatic MMD has
not yet been agreed upon, however most studies define the
absence of clinical and imaging findings associated with is-
chemic or hemorrhagic strokes, in the context of imaging
findings suggestive of Moyamoya disease, as asymptomatic
MMD |[6-9]. Cognitive impairment affecting intelligence, spa-
tial abilities, verbal working memory and number manipula-
tion is present in asymptomatic patients [8]. Data from sev-
eral studies shows that asymptomatic MMD is a progressive

pathological entity, promoting disturbances in cerebral hemo-
dynamics that eventually lead to ischemic or hemorrhagic
strokes [6-9].

The golden standard for establishing a definitive diagnosis
of MMD and evaluating its progression is cerebral angiogra-
phy [1,2,5]. However, owing to the invasive nature of the pro-
cedure, magnetic resonance angiography (MRA) remains an
excellent diagnostic option. Its findings have been shown to
be consistent with those of cerebral angiography and high
resolution nuclear MRI can effectively distinguish between
atherosclerosis and MMD [1]. Evaluation of cerebral perfu-
sion through single-photon emission computed tomography
(SPECT), positron emission tomography scan (PET scan) and
arterial spin labeling is an important step to provide a more
global assessment of the condition, the prognosis and inform
the treatment [5].

There is no definitive treatment for MMD. Prognosis of
MMD depends on the severity of the symptoms, the precise
location and the extent of the occlusion, as it dictates the
clinical presentation and guides the therapeutic efforts. In
symptomatic patients, management consists in the improve-
ment of the cerebral perfusion through surgical revascular-
ization. Ischemic and hemorrhagic stroke protocols are ap-
plied in acute presentations. Conservative management in-
cludes the use of aspirin as prophylaxis for further strokes
or thrombotic events, in addition to anticonvulsant and anal-
gesic medications to manage the seizures and headaches [5].
There is no consensus in the right approach to managing
asymptomatic MMD. Conservative management of these pa-
tients includes lifestyle modifications, particularly concern-
ing stroke-related risk factors, as well as anticoagulation ther-
apy. [6,7,9] The use of anticoagulants in asymptomatic pa-
tients remains controversial, with some studies supporting
its use and others suggesting they may increase the likeli-
hood of hemorrhagic strokes [6,7,9]. Regular follow-up with
MRI angiography is crucial in this population, as it allows for
an early detection of vascular abnormalities and a timely sur-
gical revascularization, thus preventing serious neurological
sequelae [6,7,9].

Case presentation

A 40-year old male presented to the ophthalmologist’s office
regarding a small subcutaneous nevus-like mass in his left or-
bit. The patient was asymptomatic. Ophthalmic examination
was normal, without any findings of proptosis or ocular motil-
ity defects. Pupils were equal and reactive to light, bilateral
visual acuities were 10/10 with no signs of elevated intraocu-
lar pressure. On inspection, a small, palpable, firm, non-tender
mass was evident in the anteroinferior aspect of the orbit. The
rest of the examination, as well as routine laboratory tests
were within normal limits. His past medical history and fam-
ily history were unremarkable.

Due to concerns about a possible orbital tumor, a MRI of
the head was ordered. It showed a small lesion, adjacent to
the lacrimal duct that was ultimately confirmed to be a he-
mangioma. More importantly, the MRI revealed an occlusion
of the right middle cerebral artery (MCA) along with the pres-



1370

RADIOLOGY CASE REPORTS 16 (2021) 1368-1373

Fig. 1 - Magnetic resonance (MR) image. MRI Axial T1 post contrast in right MCA shows increased number and size of
lenticulostriate vessels “puff of smoke” (images A and B) (white arrows) that represent collateral circulation as a

consequence of tapering in right middle cerebral artery.

Fig. 2 - MRI Axial T-2 weighted images show no ischemic lesion. The flow-void signal of the right middle cerebral artery is
sluggish, with diffuse net of small vessels denoting collaterals. (images A and B) (white arrows)

ence of a collateral circulation network, highly suggestive of
silent unilateral Moyamoya disease (MMD).

Axial T1 and T2-weighted images (Fig. 1) showed a diffuse
network of dilated lenticulostriate vessels, the so-called “puff
of smoke”. This network represents the collateral circulation,
developing in response to the occlusion of the right middle
cerebral artery (MCA). The occlusion of the right MCA with
flow voids was also present in the axial and coronal T1 and
T2-weighted images (Fig. 1-3).

Time-of-flight magnetic resonance angiography (TOF-
MRA) confirmed the complete stenosis of the right MCA
(Fig. 4).

The imaging findings were entirely incidental, as the pa-
tient was completely asymptomatic and had not experienced
any symptoms or signs indicative of Moyamoya disease.

The patient was managed conservatively, with recommen-
dations for lifestyle modifications, as well as stroke-related
risk factors. It was decided against anticoagulation therapy, as
there was no imaging evidence, at present, of vascular anoma-

lies associated with a potential ischemic event. Biannual MRI
and/or MRA examinations were recommended as well.

Discussion

Moyamoya disease (MMD) represents a unique phenomenon
with characteristic angiographic findings in the absence of
other systemic illnesses. MMD was first described in Japan
in 1957. It predominantly affects East Asians; however, it has
been described in populations across the world. Moyamoya
disease yields a bimodal age distribution with peaks around
five years of age and in the mid-40s, and is almost twice as
common in females than males [10].

Patients typically present with acute cerebrovascular
events, including ischemic stroke, transient ischemic attacks
(TIA), intracranial hemorrhages, occasionally seizures, and
cognitive decline [1,2,8]. The progressive cerebral hypoper-
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Fig. 3 - Coronal T2 weighted image (A and B) (white arrows) shows right MCA occlusion with flow voids presenting diffuse

net of small vessels denoting collaterals.

fusion eventually promotes cognitive impairment, intellec-
tual decline or mental retardation [2]|. Seizures and persis-
tent headaches are also common manifestations in the pe-
diatric population [1,2]. Half of the adult patients present with
hemorrhagic strokes, due to the presence of aneurysm and
pseudoaneurysm in the fragile and dilated vessels and the
other half with ischemic strokes [1,2]. The anterior circula-
tion is predominantly affected, nevertheless involvement of
the posterior circulation has been well-documented and is
associated with a poorer prognosis [2]. Hemorrhagic strokes
are more common in Asian patients compared to Caucasians
ones [2]. Incidental findings of asymptomatic MMD have been
reported in several studies [6,7,9-12]. Patients with angio-
graphic evidence of MMD without any ischemic or hem-
orrhagic episodes are classified as asymptomatic or silent
MMD [6-9].

One research on asymptomatic MMD has shown that 20%
of asymptomatic cases have silent cerebral infarction ipsi-
lateral to the site of Moyamoya vessels. And 40% of cases
revealed disturbed cerebral hemodynamics, including mod-
erate to severe reduction of the cerebral perfusion reserve,
higher 02 extraction and low performance during acetazo-
lamide challenge throughout 43.7 months follow-up [7]. The
same study suggests these anomalies may be independent
indicators of future ischemic strokes [7]. Alterations in both

cerebral blood flow (CBF) and cerebrovascular reactivity (CVR)
to acetazolamide were present in 10% of the asymptomatic
population in a nation-wide survey in Japan [6]. Recent stud-
ies with susceptibility-weighted MRI have demonstrated that
15-44% of adult patients have silent microhemorrhages in the
basal ganglia, thalamus, and periventricular white matter and
suggest they may be an independent risk factor for future
hemorrhagic strokes [6]. Cognitive impairment involving in-
telligence, memory, spatial ability and number manipulation
is present in asymptomatic patients [8].

Although some patients showed stable disease, MMD is
progressive in most instances, with a 13.3% annual stroke rate,
and most of the patients experience recurrent strokes. To date,
no medical therapy has been proven as prophylactic in MMD.
Surgical revascularization has been offered in ischemic MMD
to augment cerebral blood flow and prevent future ischemic
events. While in hemorrhagic MMD, theoretically, it is believed
that bypass procedures prevent the recurrent hemorrhages
by lowering the long-term hemodynamic stress on the collat-
eral vasculature [13]. In a study on asymptomatic MMD, 7 of
34 patients suffered an ischemic stroke, TIA, or hemorrhagic
stroke, who did not undergo revascularization surgery. Inter-
estingly, in another study shown, none of the patients who
were treated with surgical revascularization presented with
any MMD symptoms on follow-up [7,14].
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Fig. 4 - Time-of-flight magnetic resonance angiography (TOF-MRA) images (A, B and C) (white arrows) demonstrating

complete obliteration of the right middle cerebral artery.

At the present, a definitive management approach for
asymptomatic MMD hasn’t been established, due to limita-
tions in the early diagnosis and insufficient follow-up data
from small scale studies. Conservative management of these
patients has been proposed by a number of studies [6,7,9]. This
approach consists in modifications of risk factors including
hypertension and smoking, with anticoagulation regimens be-
ing supported by some studies, while others undermine their
effectiveness [6,7,9]. Periodic MRI and/or MRA follow-up is in-
dispensable in this subgroup of MMD [6,7,9]. Surgical treat-
ment in asymptomatic cases is only advised in patients with
radiological evidence of cerebral hypoperfusion [6,7,9]. In pa-
tients without imaging findings associated with cerebral per-
fusion anomalies, it is generally believed that the risks of the
intervention outweigh the benefits.

Conclusion

The incidence and prevalence of MMD are rising with im-
provements in imaging as well as other diagnostic tools.
Molecular analysis of the Moyamoya vessels may improve the

understanding of MMD and lead to earlier diagnosis. A proper
understanding of patients’ natural history with Moyamoya
disease and the benefit of the various treatment modalities
are needed [14,15].

MMD has become a more established cause of stroke for
children and adults. To obtain the best result in patients, it is
crucial to identify the disease early in its development through
characteristic radiological findings with prompt therapy insti-
tutions. Surgery may be useful, mainly if Moyamoya disease is
diagnosed at an early stage. Further forward-looking studies
are therefore required. Operational revascularization benefits
for prospective patients are likely to be improved by enhance-
ments of surgical procedures, perioperative treatment, and
anesthesia. In adult patients with Moyamoya disease, careful
neurologic and radiologic long-term follow-up is vital to avoid
further stroke and improve performance [10,16].

Patient consent

Patient consent has been obtained.
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