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Abstract
Moyamoya disease (MMD) is an infrequent disease of cerebral vasculature characterized by
long-standing and progressive occlusion of large intracranial arteries. It is seen predominantly
in the East Asian population. Most of the cases of MMD are sporadic, but there is a small
percentage that is familial. The mode of inheritance is reported to be autosomal dominant with
incomplete penetrance. Studies show that the susceptibility gene of MMD is located on
chromosome 17. The clinical presentation is variable and is influenced by the age and
geographic region of the patient. Children mainly present with ischemia-related neurologic
episodes whereas MMD in adults can manifest as either an ischemic event or an intracranial
hemorrhage (ICH). The gold standard investigation for diagnosis is cerebral angiography which
reveals a smoky appearance of arteries at the base of the skull, thus granting the disease its
name. The treatment is mostly surgical and includes direct and indirect revascularization
procedures, which prevent the recurrence of both ischemic and hemorrhagic strokes. However,
combination revascularization procedures are now on the rise due to studies showing better
long-term outcomes. The aim of the article is to critically analyze the current literature and
updates on various aspects of MMD including, but not limited to, etiology, diagnosis, and
treatment.
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Introduction And Background
Moyamoya disease (MMD) is a rare disease found with varying frequency in different
geographical regions. It is characterized by chronic and progressive stenosis of the
distal internal carotid artery (ICA) and its tributaries, anterior carotid artery (ACA) and the
middle carotid artery (MCA). It gets its name from the hazy smoke-like vessels formed in the
base of the skull as seen on digital subtraction angiography [1]. The highest number of cases are
seen in East Asia, with more women affected than men. Based on epidemiological studies, the
incidence of MMD is 0.94 and 2.3 per 100,000 individuals in Japan and South Korea,
respectively [1]. While the majority of cases are sporadic, around 10%-15% of patients have a
family history of MMD. Although etiology is unestablished, studies point to the involvement of
chromosome 17 [2]. Outside of East Asia, the incidence in regions like North America can drop
to 0.09/100,000 individuals, although a rising trend has been noticed recently [1]. MMD
maintains a classical pattern of bimodal age distribution. The first peak occurs around the age
of five and the second one around the age of 40. An ischemic profile is predominant in the
pediatric age group. In adults, both ischemia and intracranial hemorrhage (ICH) are possible [3].
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Diagnosis is formed with the use of cerebral angiography. Non-invasive imaging includes
computed tomography (CT) angiography and magnetic resonance angiography (MRA) [4].
Earlier, bilateral involvement was a mandatory criterion for the diagnosis of MMD. With the
increased finding of MMD in patients with unilateral occlusion, diagnostic criteria were revised
to include a unilateral presentation as well [4]. Treatment largely revolves around surgical
interventions. Direct and indirect revascularization surgeries are performed to improve blood
circulation in the affected region [5]. This article will explore the developments in our
understanding of the disease and its treatment, based on the existing literature.

Review
When the disease is present without any associated disorders, it is termed as MMD [6]. MMD,
in presence of other acquired or familial conditions, is known as quasi-
MMD. In comparison to MMD, unilateral involvement is more pronounced and ICH is less
commonly documented in quasi-MMD [7].

Etiology
Despite recent studies on genetics in MMD, etiology remains largely unclear. Chromosome 17
has been identified as the carrier of the susceptibility gene of MMD, especially among people
living in East Asia [4]. A comparative study noticed the presence of genetic anticipation and
concluded that females were more affected in familial MMD [8]. One study also concluded that
the mode of inheritance is autosomal dominant and penetrance is incomplete in familial MMD
[9]. A genome-wide and locus-specific association study was done by Kamada et al. that
discovered RNF213 as the first susceptibility gene in MMD [10]. They consequently documented
p.R4859K to be the founder of missense mutation in RNF213. The higher carrier frequency of
p.R4859K in specific geographical regions like Japan may explain the higher prevalence of MMD
in East Asia as compared to Western countries. One case-control study also revealed that
p.R4859K is linked with autoimmune and atherosclerotic quasi-MMD [11].

Pathogenesis
The direct effect of a mutation in RNF213 on the development of MMD and quasi-MMD
remains to be elucidated. However, several mechanisms have been hypothesized. One such
mechanism is that the presence of pro-inflammatory cytokines in addition to mutated RNF213
leads to increased angiogenesis [12]. The inability of mutated RNF213 to cause changes seen in
MMD, without any added insults, was also indicated in an experiment. It was performed using
mice with only p.R4828K missense mutation in RNF213. It was observed that there was no
significant change in vessel diameter or vascular remodeling after common carotid artery
ligation between mutated and wild-type mice [13]. Another study demonstrated a higher
expression of matrix metalloproteinase (MMP)-9 in RNF213 knockout mice. Levels of MMP-9
are also increased in patients of MMD, thereby suggesting a possible association between them
[14]. Nanba et al. detected an increased level of hepatocyte growth factor (HGF) in
cerebrospinal fluid (CSF) and diseased arteries in patients with MMD. HGF is a potent inducer
of angiogenesis and increased levels in patients indicate its likely role in the pathogenesis [15].
Elevation of basic fibroblast growth factor (bFGF) in CSF is documented in MMD and its levels
may also help in predicting the status of angiogenesis post-revascularization [16]. The role of
transforming growth factor-beta1 has been indicated in the pathogenesis as well [17]. One
study also detected a raised number of circulating endothelial progenitor cells, which might
explain the collateral vasculature in MMD [18].

Clinical features
MMD can have multiple presentations, partly influenced by age and geographical
region [4,19]. There is a difference in clinical profiles in the United States,
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where there is a lower rate of intracranial bleeding in patients of MMD, as compared to
Asia [19].

Ischemia

An ischemic event is the most common initial presentation. One study done on 528 patients in
China reached to a conclusion that most cases of MMD present with ischemia. The hemorrhagic
presentation was found more in adult patients. They further reported that ischemic type has a
better prognosis and lower rate of rebleeding [20]. An ischemic event can manifest as either a
transient ischemic attack (TIA) or ischemic stroke. The underlying cause is a vessel occlusion
that leads to hypoperfusion of the cerebrum. Certain factors like hyperventilation, crying, and
playing instruments such as harmonica or flute have been shown to exacerbate ischemic
symptoms [4]. Anterior circulation is involved more commonly than posterior circulation [4].

The infarct pattern in MMD has been described to be different from a conventional stroke. A
study was conducted on patients of MMD who presented with acute cerebral infarction. The
atypical pattern on diffusion-weighted MRI (honeycombing, atypical territorial, and gyral) was
observed more commonly than the typical pattern of stroke (deep lacunar, multiple-dots,
borderzone, and territorial) [21]. The relationship between disease severity and site of the
lesion has been explored as well. A study showed cortical involvement produced more severe
disease than subcortical involvement [22]. Moreover, posterior stroke (affecting parieto-
occipital) was associated with higher disease severity as compared to a lesion of anterior
circulation (fronto-temporal) [22].

The presence of a variant of RNF213 genotype also influences disease severity. Homozygous
presence of c.14576G>A variant in RNF213 is associated with an earlier age of onset of
infarctions and involvement of posterior circulation (more severe disease) in comparison to
heterozygotes [22,23]. This was further documented in a case report on siblings with
homozygous and heterozygous expression of c.14576G>A variant in which the homozygote had
an earlier onset of MMD with rapid disease progression [24]. Recurrent ischemic strokes can
lead to complications in children such as developmental delay and mental retardation [25].
There is a case report on an Anglo-Saxon child with MMD, who presented predominantly with
dementia [26]. 

Hemorrhage

ICH occurs with a higher frequency in adults than children [3]. It is even more frequent in
adults greater than 40 years of age. Hemorrhagic MMD manifests most commonly as impaired
consciousness [1]. Bleeding is noticed to occur more in anterior circulation dependant sites [4].
In a prospective cohort study, the presence of cerebral microbleeds (CMB) was observed to be a
risk factor for intraventricular hemorrhage. The location of CMB also affected the outcome, for
example, CMB located in the deep and periventricular white matter had more chances of
subsequent ventricular bleed than CMB in any other location [27].

Other Features

MMD can present sometimes with seizures, likely to be a consequence of ischemia-induced
damage [4]. In a study by Seol et al., significant headache was reported in approximately 21% of
children [28]. It has been proposed that redistribution and decreased blood flow in the
cerebrum lead to headaches in children [28]. Various involuntary movements can be seen in
MMD, with chorea being the most typical of them. Decreased blood supply to basal ganglia-
thalamocortical circuits is the proposed mechanism behind chorea [29].

2020 Gupta et al. Cureus 12(8): e10141. DOI 10.7759/cureus.10141 3 of 9



Diagnosis
Cerebral angiography is the gold standard investigation [1]. As proposed by a Japanese research
committee in 1997, definitive diagnosis of MMD requires the following on cerebral
angiography: (1) occlusion at terminal ICA or proximal ACA/MCA, (2) abnormal network of
vessels in proximity to the stenosed vessel, and (3) bilateral involvement [30]. In 2012, revisions
were made to include MRA findings in the definitive diagnosis criteria. Cases with unilateral
involvement were categorized as probable MMD [1]. MRA staging includes the following: (i)
occlusion at terminal ICA or proximal ACA/MCA. (ii) presence of abnormal vessels in the basal
ganglion, which can also be diagnosed by multiple flow voids on MRI of the brain. and (iii)
bilateral angiography findings [31]. It is crucial to rule out other differential diagnoses -
atherosclerosis, type 1 neurofibromatosis, meningitis, autoimmune diseases, traumatic brain
injury, et cetera [31].

Angiographic staging of MMD, given by Suzuki, does not correlate with disease severity but
explains the pathological changes seen over a period of time in each patient [32]. These stages
demonstrate internal carotid - external carotid conversion quite well. Initial stages (stages 1-3)
are characterized by occlusion of distal ICA with the development of moyamoya vessels. Late
stages (stages 4-5) have anastomosis from the external carotid artery (ECA) followed by the
fading of abnormal vessels. The last stage (stage 6) is marked by vanishing of ICA [32].

Supportive Findings

MRI: Non-specific signs like “ivy sign” and “brush sign” can be appreciated on MRI [33,34]. Ivy
sign is characterized by diffuse leptomeningeal enhancement, as seen on fluid-attenuated
inversion-recovery (FLAIR) or contrast-enhanced magnetic resonance images [35]. Brush sign is
characterized by the increased visibility of deep medullary veins, seen best on susceptibility-
weighted MRI [36].

Electroencephalography (EEG): High-voltage slow waves on EEG develop after the end of
hyperventilation in children with MMD who present with cerebral ischemia. This is also known
as the “rebuild-up” phenomenon [37].

Histopathology: Histopathological analysis of surgical specimens can help in supporting the
diagnosis of MMD. Characteristic findings include thickened arterial intima of proximal ICA,
thinning of the medial wall and waviness of internal elastic lamina of ACA/MCA/PCA, and
perforating vascular channels around the circle of Willis [31].

Cerebral blood flow: Single Photon Emission Computed Tomography (CBF-SPECT) and
Positron Emission Tomography (PET): CBF-SPECT and PET have been employed successfully in
the evaluation of cerebral blood flow (CBF), which has major implications in diagnosing and
staging the severity of cerebral ischemia/infarct in MMD (ischemic type) [31]. In addition, low
CBF is also an indication for revascularization surgery [31].

Medical management
Acute Phase

Management of an acute case of ischemic stroke due to MMD is largely symptomatic [30].
Intravenous tissue plasminogen activator is contraindicated in ischemic-type MMD [31].
Aspirin should be given to children with acute anterior ischemic stroke due to MMD [36]. In the
hemorrhagic presentation, anti-platelet and anti-coagulation drugs should be immediately
stopped and antihypertensive therapy considered if the blood pressure is equal to or greater
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than 180/105 [31].

Chronic Phase

Aspirin is recommended for secondary prevention of stroke but the first priority is to evaluate
the patient for surgical revascularization [31]. Extreme caution must be exercised in patients on
long-term aspirin, because of a risk of hemorrhagic transformation [31]. Clopidogrel should be
used in patients who cannot tolerate aspirin [31]. Cilostazol, another antiplatelet drug, can be
used as an option. A study was conducted to compare the efficacy of clopidogrel and cilostazol
in improving neuropsychological test scores. In non-surgical adults with ischemic MMD,
cilostazol was associated with better cognition improvement than clopidogrel [37]. Anti-
platelet drugs are not recommended for asymptomatic adults due to an inherent risk of
developing an ICH in almost half of the patients [31].

Surgical management
Surgical treatment revolves around direct, indirect, and combined (direct plus indirect)
revascularization procedures [1]. Surgery is beneficial over conservative management in
reducing the recurrence of stroke [1,38]. In children, MMD takes a rapid course and has a poor
prognosis. Therefore, surgical revascularization is recommended in MMD at a young age [39].

Direct Revascularization

A prime example of a direct revascularization procedure is the superficial temporal artery (STA)
- MCA bypass. STA-ACA or occipital artery-PCA anastomosis can be used as well depending on
the area of ischemia [1]. A recent meta-analysis established the superiority of direct over
indirect revascularization in reducing the risk of stroke [40]. Conventionally, revascularization
procedures were only used for ischemic MMD because of a lack of studies on revascularization
procedures done in hemorrhagic MMD [29]. However, Japan Adult Moyamoya (JAM) trial
reported its findings which proved that direct bypass reduced rebleeding in hemorrhagic MMD
too. The trial documented a significant difference between non-surgical and surgical patients,
based on Kaplan-Meier analysis [41]. STA-MCA bypass also relieves severe headaches in
patients with ischemic MMD, by increasing the CBF [42].

One of the most common complications after direct bypass is hyperperfusion syndrome (HS)
which is characterized by an increased CBF leading to neurological complications like ICH and
neurological deficits [43]. SPECT is the gold standard investigation for diagnosis of HS. MRI, CT
and transcranial cerebral doppler can also be used for diagnosis [43]. Treatment involves
adequate blood pressure control along with control of brain edema [43]. Minocycline, by
blocking MMP-9 (responsible for edema after cerebral ischemia-reperfusion), has proven to be
an effective treatment for HS [44].

Indirect revascularization

Indirect surgical procedures are centered on the principle that part of a vascularized tissue
when put over the brain surface can lead to the formation of new blood vessels [1]. Different
methods have been described- encephalo-myo-synangiosis (EMS), encephalo-duro-arterio-
synangiosis (EDAS), multiple burr-hole surgery technique, encephalo-duro-arterio-myo-
synangiosis (EDAMS), and encephalo-duro-myo-arterio-pericranio-synangiosis (EDMAPS) [29].
Indirect revascularization depends on the formation of new vessels, which can take months to
form. It is also dependant on age, with children showing better results than adults [45].

Combination revascularization procedures combine both direct and indirect revascularization.
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Direct bypass provides immediate cerebral perfusion, whereas the indirect component leads to a
sustained revascularization response [46]. In the perioperative period, normocapnia, adequate
body fluid balance, and blood pressure should be maintained to avoid ischemic complications
[31]. Hypercapnia can lead to vessel constriction and hypocapnia via vasodilation results in
steal phenomenon. This is how both hypercapnia and hypocapnia can lead to decreased CBF.
Therefore, it is of utmost importance to maintain normocapnia in the perioperative period [29].
In the postoperative phase, PET/SPECT can be used to measure CBF and help in assessing the
outcome of surgery [31].

Prognosis

Numerous factors determine prognosis. A large prospective study was conducted on adults with
MMD who were managed conservatively. It reported three independent poor prognostic factors
- Asian origin, history of TIAs, and decreased cerebrovascular reserve [47]. In children, due to a
greater prevalence of cerebral infarction, the prognosis remains poor. In adults, the
involvement of PCA in ischemic episodes and rebleeding in hemorrhagic presentation signify a
dismal prognosis [29]. JAM trial has shown the effect of direct bypass in reducing rebleeding in
hemorrhagic MMD, thereby improving the prognosis [41]. A meta-analysis was done to assess
the impact of surgery on the long-term functional outcomes in patients with MMD. It reported
a good functional outcome rate of 82% based on Kim’s category. According to the meta-
analysis, combined surgery had better outcomes than the indirect revascularization procedures
[48].

Conclusions
MMD is a cerebrovascular occlusive disease with the potential to cause stroke, epilepsy, and
neurological deficits in adults and children alike. Chromosome 17 (RNF213) plays a part in
pathogenesis but the exact molecular mechanism remains to be confirmed. The development of
a genetic repository of the disease has been slow and well-founded studies for gene discovery
are much needed. Angiography study is necessary to make a diagnosis. Direct and indirect
revascularization procedures are used to prevent recurrence of symptoms in both ischemic and
hemorrhagic MMD. Combination procedures continue to gain popularity because they provide
immediate reperfusion of the cerebrum along with sustained revascularization. Further
research is needed to establish the role of biochemical markers like bFGF in assessing the status
of angiogenesis post-revascularization. Despite the advancements made in medical and
surgical management over the past 6 decades, the prognosis of MMD is still not very favorable.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships:
All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or
activities that could appear to have influenced the submitted work.

References
1. Zhang H, Zheng L, Feng L: Epidemiology, diagnosis and treatment of moyamoya disease . Exp

Ther Med. 2019, 17:1977-1984. 10.3892/etm.2019.7198
2. Burke GM, Burke AM, Sherma AK, Hurley MC, Batjer HH, Bendok BR: Moyamoya disease: a

summary. Neurosurg Focus. 2009, 26:11. 10.3171/2009.1.FOCUS08310

2020 Gupta et al. Cureus 12(8): e10141. DOI 10.7759/cureus.10141 6 of 9

https://dx.doi.org/10.3892/etm.2019.7198
https://dx.doi.org/10.3892/etm.2019.7198
https://dx.doi.org/10.3171/2009.1.FOCUS08310
https://dx.doi.org/10.3171/2009.1.FOCUS08310


3. Kuroda S, Houkin K: Moyamoya disease: current concepts and future perspectives. Lancet
Neurol. 2008, 7:1056-1066. 10.1016/s1474-4422(08)70240-0

4. Kim JS: Moyamoya disease: epidemiology, clinical features, and diagnosis . J Stroke. 2016,
18:2-11. 10.5853/jos.2015.01627

5. Starke RM, Komotar RJ, Connolly ES: Optimal surgical treatment for moyamoya disease in
adults: direct versus indirect bypass. Neurosurg Focus. 2009, 26:E8.
10.3171/2009.01.FOCUS08309

6. Smith ER, Scott RM: Spontaneous occlusion of the circle of Willis in children: pediatric
moyamoya summary with proposed evidence-based practice guidelines. J Neurosurg Pediatr.
2012, 9:353-360. 10.3171/2011.12.peds1172

7. Hayashi K, Horie N, Izumo T, Nagata I: Nationwide survey on quasi-moyamoya disease in
Japan. Acta Neurochir . 2014, 156:935-940. 10.1007/s00701-014-2013-0

8. Nanba R, Kuroda S, Tada M, Ishikawa T, Houkin K, Iwasaki Y: Clinical features of familial
moyamoya disease. Childs Nerv Syst. 2006, 22:258-262. 10.1007/s00381-005-1230-5

9. Mineharu Y, Takenaka K, Yamakawa H, et al.: Inheritance pattern of familial moyamoya
disease: autosomal dominant mode and genomic imprinting. J Neurol Neurosurg Psychiatry.
2006, 77:1025-1029. 10.1136/jnnp.2006.096040

10. Kamada F, Aoki Y: Narisawa A, et al. A genome-wide association study identifies RNF213 as
the first Moyamoya disease gene. J Hum Genet. 2011, 56:34-40. 10.1038/jhg.2010.132

11. Zhang Q, Liu Y, Yu L, et al.: The association of the RNF213 p.R4810K polymorphism with
quasi-moyamoya disease and a review of the pertinent literature. World Neurosurg. 2017,
99:701-708.e1. 10.1016/j.wneu.2016.12.119

12. Mikami T, Suzuki H, Komatsu K, Mikuni N: Influence of inflammatory disease on the
pathophysiology of moyamoya disease and quasi-moyamoya disease. Neurol Med Chir. 2019,
59:361-370. 10.2176%2Fnmc.ra.2019-0059

13. Kanoke A, Fujimura M, Niizuma K, et al.: Temporal profile of the vascular anatomy evaluated
by 9.4-tesla magnetic resonance angiography and histological analysis in mice with the
R4859K mutation of RNF213, the susceptibility gene for moyamoya disease. Brain Res. 2015,
1624:497-505. 10.1016/j.brainres.2015.07.039

14. Sonobe S, Fujimura M, Niizuma K, et al.: Increased vascular MMP-9 in mice lacking RNF213:
moyamoya disease susceptibility gene. Neuroreport. 2014, 25:1442-1446.
10.1097/wnr.0000000000000289

15. Nanba R, Kuroda S, Ishikawa T, Houkin K, Iwasaki Y: Increased expression of hepatocyte
growth factor in cerebrospinal fluid and intracranial artery in moyamoya disease. Stroke.
2004, 35:2837-2842. 10.1161/01.str.0000148237.13659.e6

16. Malek AM, Connors S, Robertson RL, Folkman J, Scott RM: Elevation of cerebrospinal fluid
levels of basic fibroblast growth factor in moyamoya and central nervous system disorders.
Pediatr Neurosurg. 1997, 27:182-189. 10.1159/000121249

17. Hojo M, Hoshimaru M, Miyamoto S, et al.: Role of transforming growth factor-beta1 in the
pathogenesis of moyamoya disease. J Neurosurg. 1998, 89:623-629.
10.3171/jns.1998.89.4.0623

18. Rafat N, Beck GCh, Peña-Tapia PG, Schmiedek P, Vajkoczy P: Increased levels of circulating
endothelial progenitor cells in patients with Moyamoya disease. Stroke. 2009, 40:432-438.
10.1161/strokeaha.108.529420

19. Chiu D, Shedden P, Bratina P, Grotta JC: Clinical features of moyamoya disease in the United
States. Stroke. 1998, 29:1347-1351. 10.1161/01.str.29.7.1347

20. Liu XJ, Zhang D, Wang S, et al.: Clinical features and long-term outcomes of moyamoya
disease: a single-center experience with 528 cases in China. J Neurosurg. 2015, 122:237-481.
10.3171/2014.10.jns132369

21. Cho HJ, Jung YH, Kim YD, Nam HS, Kim DS, Heo JH: The different infarct patterns between
adulthood-onset and childhood-onset moyamoya disease. J Neurol Neurosurg Psychiatry.
2011, 82:38-40. 10.1136/jnnp.2009.181487

22. Kim JM, Lee SH, Roh JK: Changing ischaemic lesion patterns in adult moyamoya disease . J
Neurol Neurosurg Psychiatry. 2009, 80:36-40. 10.1136/jnnp.2008.145078

23. Miyatake S, Miyake N, Touho H, et al.: Homozygous c.14576G>A variant of RNF213 predicts
early-onset and severe form of moyamoya disease. Neurology. 2012, 78:803-810.
10.1212/wnl.0b013e318249f71f

24. Miyatake S, Touho H, Miyake N, et al.: Sibling cases of moyamoya disease having homozygous

2020 Gupta et al. Cureus 12(8): e10141. DOI 10.7759/cureus.10141 7 of 9

https://dx.doi.org/10.1016/s1474-4422(08)70240-0
https://dx.doi.org/10.1016/s1474-4422(08)70240-0
https://dx.doi.org/10.5853/jos.2015.01627
https://dx.doi.org/10.5853/jos.2015.01627
https://dx.doi.org/10.3171/2009.01.FOCUS08309
https://dx.doi.org/10.3171/2009.01.FOCUS08309
https://dx.doi.org/10.3171/2011.12.peds1172
https://dx.doi.org/10.3171/2011.12.peds1172
https://dx.doi.org/10.1007/s00701-014-2013-0
https://dx.doi.org/10.1007/s00701-014-2013-0
https://dx.doi.org/10.1007/s00381-005-1230-5
https://dx.doi.org/10.1007/s00381-005-1230-5
https://dx.doi.org/10.1136/jnnp.2006.096040
https://dx.doi.org/10.1136/jnnp.2006.096040
https://dx.doi.org/10.1038/jhg.2010.132
https://dx.doi.org/10.1038/jhg.2010.132
https://dx.doi.org/10.1016/j.wneu.2016.12.119
https://dx.doi.org/10.1016/j.wneu.2016.12.119
https://dx.doi.org/10.2176%2Fnmc.ra.2019-0059
https://dx.doi.org/10.2176%2Fnmc.ra.2019-0059
https://dx.doi.org/10.1016/j.brainres.2015.07.039
https://dx.doi.org/10.1016/j.brainres.2015.07.039
https://dx.doi.org/10.1097/wnr.0000000000000289
https://dx.doi.org/10.1097/wnr.0000000000000289
https://dx.doi.org/10.1161/01.str.0000148237.13659.e6
https://dx.doi.org/10.1161/01.str.0000148237.13659.e6
https://dx.doi.org/10.1159/000121249
https://dx.doi.org/10.1159/000121249
https://dx.doi.org/10.3171/jns.1998.89.4.0623
https://dx.doi.org/10.3171/jns.1998.89.4.0623
https://dx.doi.org/10.1161/strokeaha.108.529420
https://dx.doi.org/10.1161/strokeaha.108.529420
https://dx.doi.org/10.1161/01.str.29.7.1347
https://dx.doi.org/10.1161/01.str.29.7.1347
https://dx.doi.org/10.3171/2014.10.jns132369
https://dx.doi.org/10.3171/2014.10.jns132369
https://dx.doi.org/10.1136/jnnp.2009.181487
https://dx.doi.org/10.1136/jnnp.2009.181487
https://dx.doi.org/10.1136/jnnp.2008.145078
https://dx.doi.org/10.1136/jnnp.2008.145078
https://dx.doi.org/10.1212/wnl.0b013e318249f71f
https://dx.doi.org/10.1212/wnl.0b013e318249f71f
https://dx.doi.org/10.1038/jhg.2012.105


and heterozygous c.14576G>A variant in RNF213 showed varying clinical course and severity. J
Hum Genet. 2012, 57:804-806. 10.1038/jhg.2012.105

25. Horn P, Bueltmann E, Buch CV, Schmiedek P: Arterio-embolic ischemic stroke in children
with moyamoya disease. Childs Nerv Syst. 2005, 21:104-107. 10.1007/s00381-004-0962-y

26. Levin SD, Hoare RD, Robinson RO: Childhood moyamoya presenting as dementia: report of a
case. Dev Med Child Neurol. 1983, 25:794-797. 10.1111/j.1469-8749.1983.tb13848.x

27. Sun W, Yuan C, Liu W, et al.: Asymptomatic cerebral microbleeds in adult patients with
moyamoya disease: a prospective cohort study with 2 years of follow-up. Cerebrovasc Dis.
2013, 35:469-475. 10.1159/000350203

28. Seol HJ, Wang KC, Kim SK, Hwang YS, Kim KJ, Cho BK: Headache in pediatric moyamoya
disease: review of 204 consecutive cases. J Neurosurg. 2005, 103:439-442.
10.3171/ped.2005.103.5.0439

29. Hishikawa T, Sugiu K, Date I: Moyamoya disease: a review of clinical research . Acta Med
Okayama. 2016, 70:229-236. 10.18926/amo/54497

30. Fukui M: Guidelines for the diagnosis and treatment of spontaneous occlusion of the circle of
Willis ('moyamoya' disease). Research Committee on Spontaneous Occlusion of the Circle of
Willis (Moyamoya Disease) of the Ministry of Health and Welfare, Japan. Clin Neurol
Neurosurg. 1997, 99:S238-S240. 10.1016/S0303-8467(97)00082-6

31. Research Committee on the Pathology and Treatment of Spontaneous Occlusion of the Circle
of Willis; Health Labour Sciences Research Grant for Research on Measures for Infractable
Diseases. Guidelines for diagnosis and treatment of moyamoya disease (spontaneous
occlusion of the circle of Willis). Neurol Med Chir (Tokyo). 2012, 52:245-266.
10.2176/nmc.52.245

32. Fujimura M, Tominaga T: Diagnosis of moyamoya disease: international standard and
regional differences. Neurol Med Chir. 2015, 55:189-193. 10.2176/nmc.ra.2014-0307

33. Maeda M, Tsuchida C: "Ivy sign" on fluid-attenuated inversion-recovery images in childhood
moyamoya disease. Am J Neuroradiol. 1999, 20:1836-1838.

34. Horie N, Morikawa M, Nozaki A, Hayashi K, Suyama K, Nagata I: "Brush Sign" on
susceptibility-weighted MR imaging indicates the severity of moyamoya disease. Am J
Neuroradiol. 2011, 32:1697-1702. 10.3174/ajnr.a2568

35. Kodama N, Aoki Y, Hiraga H, Wada T, Suzuki J: Electroencephalographic findings in children
with moyamoya disease. Arch Neurol. 1979, 36:16-19.
10.1001/archneur.1979.00500370046008

36. Monagle P, Chan AKC, Goldenberg NA, Ichord RN, Journeycake JM, Nowak-Göttl U, Vesely SK:
Antithrombotic therapy in neonates and children . Chest. 2012, 141:E737S-E801S.
10.1378%2Fchest.11-2308

37. Ando S, Tsutsui S, Miyoshi K, et al.: Cilostazol may improve cognition better than clopidogrel
in non-surgical adult patients with ischemic moyamoya disease: subanalysis of a prospective
cohort. Neurol Res. 2019, 41:480-487. 10.1080/01616412.2019.1580455

38. Wouters A, Smets I, Van den Noortgate W, Steinberg GK, Lemmens R: Cerebrovascular events
after surgery versus conservative therapy for moyamoya disease: a meta-analysis. Acta Neurol
Belg. 2019, 119:305-313. 10.1007/s13760-019-01165-9

39. Kim SK, Seol HJ, Cho BK, Hwang YS, Lee DS, Wang KC: Moyamoya disease among young
patients: its aggressive clinical course and the role of active surgical treatment. Neurosurgery.
2004, 54:840-846. 10.1227/01.neu.0000114140.41509.14

40. Li Q, Gao Y, Xin W, et al.: Meta-analysis of prognosis of different treatments for symptomatic
moyamoya disease. World Neurosurg. 2019, 127:354-361. 10.1016/j.wneu.2019.04.062

41. Miyamoto S, Yoshimoto T, Hashimoto N, et al.: Effects of extracranial-intracranial bypass for
patients with hemorrhagic moyamoya disease: results of the Japan Adult Moyamoya Trial.
Stroke. 2014, 45:1415-1421. 10.1161/strokeaha.113.004386

42. Okada Y, Kawamata T, Kawashima A, Yamaguchi K, Ono Y, Hori T: The efficacy of superficial
temporal artery-middle cerebral artery anastomosis in patients with moyamoya disease
complaining of severe headache. J Neurosurg. 2012, 116:672-679. 10.3171/2011.11.jns11944

43. Yu J, Shi L, Guo Y, Xu B, Xu K: Progress on complications of direct bypass for moyamoya
disease. Int J Med Sci. 2016, 13:578-587. 10.7150/ijms.15390

44. Fujimura M, Niizuma K, Inoue T, Sato K, Endo H, Shimizu H, Tominaga T: Minocycline
prevents focal neurological deterioration due to cerebral hyperperfusion after extracranial-
intracranial bypass for moyamoya disease. Neurosurgery. 2014, 74:163-170.

2020 Gupta et al. Cureus 12(8): e10141. DOI 10.7759/cureus.10141 8 of 9

https://dx.doi.org/10.1038/jhg.2012.105
https://dx.doi.org/10.1007/s00381-004-0962-y
https://dx.doi.org/10.1007/s00381-004-0962-y
https://dx.doi.org/10.1111/j.1469-8749.1983.tb13848.x
https://dx.doi.org/10.1111/j.1469-8749.1983.tb13848.x
https://dx.doi.org/10.1159/000350203
https://dx.doi.org/10.1159/000350203
https://dx.doi.org/10.3171/ped.2005.103.5.0439
https://dx.doi.org/10.3171/ped.2005.103.5.0439
https://dx.doi.org/10.18926/amo/54497
https://dx.doi.org/10.18926/amo/54497
https://dx.doi.org/10.1016/S0303-8467(97)00082-6
https://dx.doi.org/10.1016/S0303-8467(97)00082-6
https://dx.doi.org/10.2176/nmc.52.245
https://dx.doi.org/10.2176/nmc.52.245
https://dx.doi.org/10.2176/nmc.ra.2014-0307
https://dx.doi.org/10.2176/nmc.ra.2014-0307
https://pubmed.ncbi.nlm.nih.gov/10588105/
https://dx.doi.org/10.3174/ajnr.a2568
https://dx.doi.org/10.3174/ajnr.a2568
https://dx.doi.org/10.1001/archneur.1979.00500370046008
https://dx.doi.org/10.1001/archneur.1979.00500370046008
https://dx.doi.org/10.1378%2Fchest.11-2308
https://dx.doi.org/10.1378%2Fchest.11-2308
https://dx.doi.org/10.1080/01616412.2019.1580455
https://dx.doi.org/10.1080/01616412.2019.1580455
https://dx.doi.org/10.1007/s13760-019-01165-9
https://dx.doi.org/10.1007/s13760-019-01165-9
https://dx.doi.org/10.1227/01.neu.0000114140.41509.14
https://dx.doi.org/10.1227/01.neu.0000114140.41509.14
https://dx.doi.org/10.1016/j.wneu.2019.04.062
https://dx.doi.org/10.1016/j.wneu.2019.04.062
https://dx.doi.org/10.1161/strokeaha.113.004386
https://dx.doi.org/10.1161/strokeaha.113.004386
https://dx.doi.org/10.3171/2011.11.jns11944
https://dx.doi.org/10.3171/2011.11.jns11944
https://dx.doi.org/10.7150/ijms.15390
https://dx.doi.org/10.7150/ijms.15390
https://dx.doi.org/10.1227/neu.0000000000000238


10.1227/neu.0000000000000238
45. Acker G, Fekonja L, Vajkoczy P: Surgical management of moyamoya disease. Stroke. 2018,

49:476-482. 10.1161/strokeaha.117.018563
46. Zhao J, Liu H, Zou Y, Zhang W, He S: Clinical and angiographic outcomes after combined

direct and indirect bypass in adult patients with moyamoya disease: a retrospective study of
76 procedures. Exp Ther Med. 2018, 15:3570-3576. 10.3892%2Fetm.2018.5850

47. Hervé D, Ibos-Augé N, Calvière L, et al.: Predictors of clinical or cerebral lesion progression in
adult moyamoya angiopathy. Neurology. 2019, 93:388-397. 10.1212/wnl.0000000000007819

48. Yao Z, You C : Effect of surgery on the long-term functional outcome of moyamoya disease: a
meta-analysis. Turk Neurosurg. 2019, 29:171-179. 10.5137/1019-5149.jtn.22598-18.3

2020 Gupta et al. Cureus 12(8): e10141. DOI 10.7759/cureus.10141 9 of 9

https://dx.doi.org/10.1227/neu.0000000000000238
https://dx.doi.org/10.1161/strokeaha.117.018563
https://dx.doi.org/10.1161/strokeaha.117.018563
https://dx.doi.org/10.3892%2Fetm.2018.5850
https://dx.doi.org/10.3892%2Fetm.2018.5850
https://dx.doi.org/10.1212/wnl.0000000000007819
https://dx.doi.org/10.1212/wnl.0000000000007819
https://dx.doi.org/ 10.5137/1019-5149.jtn.22598-18.3
https://dx.doi.org/ 10.5137/1019-5149.jtn.22598-18.3

	Moyamoya Disease: A Review of Current Literature
	Abstract
	Introduction And Background
	Review
	Etiology
	Pathogenesis
	Clinical features
	Diagnosis
	Medical management
	Surgical management

	Conclusions
	Additional Information
	Disclosures

	References


