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Abstract 
Introduction: Moyamoya disease (MMD) is a chronic cerebrovascular dis-
order characterized by progressive bilateral occlusion of the supraclinoid in-
ternal carotid artery (ICA) and its main branches, associated with the devel-
opment of fine collateral networks, especially adjacent to the site of occlusion 
in the deep areas of the brain. MMD frequently occurs in East Asian popula-
tions, including pediatric and adult patients, and may lead to ischemic or 
hemorrhagic stroke, headache, epilepsy or transient ischemic attack. The ma-
jority is presumed to be of genetic origin and few cases of thrombophilia have 
been reported in MMD. We report a case of MMD in a young sub-Saharan 
African woman associated with Hyperhomocysteninemia (HHCys). Observa-
tion: A 33-year-old female was seen for aphasia, which had suddenly ap-
peared fourteen days before, and was associated with memory impairment. 
She mentioned chronic headaches during the 10 previous years, of frontal 
seat, without migraine criteria. She had no history of hypertension, no obesi-
ty, no known dyslipidemia, and there was no family history of stroke. Neuro-
logical examination noted Wernicke’s aphasia, with discreet right central fa-
cial palsy, associated with memory impairment. The brain MRI revealed semi 
recent infarct in the left parietal lobe, sequelae in the left temporo-occipital and 
right frontal with lacunar ischemic lesions, associated with several foci of sub- 
cortical demyelination. MRA showed stenosis of the supraclinoid carotid arte-
ries and their division branches. In addition, there was a stenosis of the post-
erior cerebral arteries, with a network of anastomosis at the level of the base of 
the skull. An investigation of thrombophilia showed hyperhomocysteinemia 
(HHCys). The diagnosis of moyamoya disease associated with hyperhomocys-
teinemia was mentioned. She was treated by Aspirin combined to folic acid. 
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After a 3-year setback the patient was asymptomatic. Conclusion: MMD is a 
rare cause of stroke in sub-Saharan Africa. MRA should be performed when-
ever possible, as well as investigation for thrombophilia when it’s available. 
Combined antiplatelet agent with folic acid for ischemic stroke prevention is 
effective. 
 

Keywords 
Moyamoya, Headache, Silent Infarcts, Hyperhomocysteinemia, Diagnosis, 
Treatment 

 

1. Introduction 

Moyamoya disease (MMD) is a chronic cerebrovascular disorder characterized 
by progressive bilateral occlusion of the supraclinoid internal carotid artery (ICA) 
and its main branches, associated with the development of fine collateral net-
works, especially adjacent to the site of occlusion in the deep areas of the brain 
[1]. Moyamoya is a rare disease with reported incidence of 0.086 per 100,000 
population [2]. MMD frequently occurs in East Asian populations, including 
pediatric and adult patients, and may lead to ischemic or hemorrhagic stroke, 
headache, epilepsy or transient ischemic attack. The prevalence of MMD appears 
to be slightly lower among Chinese, compared to Koreans or Japanese. Accord-
ing to previous studies, the prevalence of MMD is 10.5/100,000 individuals and 
the incidence rate is 0.94/100,000 individuals in Japan [3]. There are two peaks 
of incidence with different clinical presentations, at around 10 years and 30 - 40 
years [4]. Although a large number of studies have been conducted, the actual 
etiology of MMD and pathogenesis remain extremely unclear. However, in re-
cent years, ring finger protein 213 (RNF213) was identified as a susceptibility 
gene among East Asian populations [5]. There are few reports describing the 
classical angiographic appearance of moyamoya vessels with abnormal throm-
bophilia profile [6]. Homocysteine (HCys) is a non-essential amino acid that de-
rives from the biosynthesis and metabolism of methionine (Met). A high blood 
level of HCys has been regarded, in the last 10 years, as a biomarker of cardiovas-
cular disease as well as a risk factor for many other pathologies, including Alzhei-
mer’s and other dementias [7]. Rare cases of hyperhomocysteinemia (HHCys) asso-
ciated with MMD have been described [6]. We report a case of moyamoya in a 
young sub-Saharan Africa woman associated with HHCys. 

2. Observation 

A 33-year-old female was seen for aphasia, which had suddenly appeared four-
teen days before, and was associated with memory impairment. She previously 
reports chronic headaches during the 10 previous years, of frontal seat, without 
migraine criteria. She had no history of hypertension, no obesity, no known dys-
lipidemia, and there was no family history of stroke. Neurological examination 
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noted Wernicke’s aphasia, with discreet right central facial palsy; deep tendon 
reflexes were normal, there was no sensory disturbance, and cranial nerves were 
normal. The neuropsychological assessment revealed memory impairment. The 
brain MRI revealed semi recent infarct on diffusion and FLAIR sequences in the 
left parietal lobe (Figure 1(A), Figure 1(B)). There were sequelae on left tem-
poral and occipital (Figure 1(C)), and right frontal with lacunar appearance, 
associated with multiple foci of subcortical demyelination (Figure 1(D)). MRA 
(Figure 1(E)) showed a stenosis of the intra-cavernous segment of the internal 
carotids, and posterior cerebral arteries in the P2 segment, most important on 
the left side, with a network of anastomoses at the base of the skull, achieving a 
typical “puff of smoke” appearance. Cardiac assessment, ECG, Holter-ECG and 
cardiac Doppler echocardiography were normal. The thrombophilia work-up 
showed intermediate hyperhomocysteinemia (HHCys) with a rate of 10.25 µmlol/l 
(normal value less than 10 µmol/l), controlled at 17.68 µmol/l six months later. 
Factor II, factor VII, Protein C and S levels were in normal range. Cholesterol 
level was also in normal range. The diagnosis of moyamoya associated with 
HHcys was mentioned. The polymorphism C677 for MTFHF gene mutation re-
search was negative. She was given antiplatelet therapy at the rate of 250 mg of 
Aspirin per day, combined with folic acid at a dose of 15 mg per day. Paraceta-
mol was prescribed at a rate of one gramme three times a day to treat the head-
aches. Under treatment we observed a rapid regression of facial palsy, and a 
gradual regression of aphasia. Successive homocysteine (HCys) checks show a 
normalization of the level seven months later (8.36 µmol/l). After 3-years fol-
low-up under treatment, the headaches have regressed, and the patient had mi-
nor disturbances of memory. The last MRA control showed a better blood flow 
in Willis polygon (Figure 2). 

3. Discussion 

Moyamoya disease (MMD) is a rare idiopathic progressive vaso-occlusive dis-
ease characterized by irreversible condition of main blood vessels to the brain as 
they enter into the skull. Moyamoya was originally considered to affect predo-
minantly people of Asian heritage, but has now been observed throughout the 
world [2]. MMD is usually associated with condition like Sickle cell disease spe-
cially in pediatric African people. There are two peaks of incidence with different 
clinical presentations, at around 10 years and 30 - 40 years [4]. The clinical 
symptoms of MMD include transient ischemic attacks, ischemic stroke, he-
morrhagic stroke, epilepsy, headache and cognitive dysfunction. The incidence 
of each symptom varies depending on the age of the patient [3]. Patients with 
typical angiographic appearance without any known risk factor were considered 
MMD, while those with some recognized conditions (neurofibromatosis type 1, 
Down syndrome, cranial irradiation, and sickle cell disease) are classified as 
moyamoya syndrome [6]. According to the novel guidelines for moyamoya dis-
ease, cerebral angiography is considered essential for the diagnosis, and must  
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Figure 1. (A) Diffusion sequence showing a moderate hyerintensity (arrow) in the left 
parietal lobe, evocative of semi recent infarct; (B) The same lesion appear hyperintense 
(arrow) in the parietal lobe on FLAIR sequence; (C) FLAIR sequence showing sequellar 
infarction of the left temporal lobe (arrow); (D) Lacunar infarct in the right frontal lobe, 
associated with multiple foci of subcortical demyelination, (arrows); (E) MRA showing a 
stenosis of the intra-cavernous segment of right and left internal carotids, and posterior 
cerebral arteries on P2 segments, most important on the left side, with a network of anas-
tomoses (arrows). 

 

 
Figure 2. MRA control after 3 years of com-
bined treatment with Asiprin and Folic acid 
showing a better blood flow in willis poly-
gon than the first exam (Figure 1(E)). 

 
show at least the following findings: 1) Stenosis or occlusion of the terminal por-
tion of the inracranial internal carotid artery or proximal portions of the ante-
rior and/or the middle cerebral artery. 2) Abnormal vascular networks in the vi-
cinity of the occlusive or stenotic lesions in the arterial phase. 3) Bilaterality of 
findings 1) an 2) [8]. Our patient had a long past of headache without migraine 
criteria. She also had multiple silent infarcts, which is anusual. The ultimate at-
tack manifested by aphasia and cognitive impairment. Brain MRI revealed the 
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semi-recent infarction, coexisting with old demyelinating lesions and infarcts. 
Angiography revealed a stenosis of the terminal portion of the internal carotids 
with development of collaterals typical of moyamoya syndrome. Homocysteine 
(HCys) level was high than normal range. Headaches associated wtih moyamoya 
disease (HAMD) have previously been reported with features of migraine with-
out aura in a 39-year-old woman [9]. The mechanism of HAMD is uncertain 
and may be multifactorial. MMD results in narrowing and ultimately, occlusion 
of intracranial blood vessels. It’s possible that HAMD is also caused by this 
blood vessel pathology. The role of cerebral artery nociceptors in generation of 
HAMD is supported by studies where stretch of intracerebral vasculature pro-
duced nausea, and referred pain in regions typically involved in migraine attacks 
[9]. Our patient had no criteria of migraine, and suggests the main role of cere-
bral anoxia linked to cerebral hypoperfusion. Clinically, silent infarcts have not 
been reported in the literature as we observed in our patient at the time of the 
diagnosis. This may be due to the localization of lesions in less sensitive areas of 
the brain. Brain angiography showed carotid terminal portion stenosis, middle ce-
rebral artery, anterior cerebral artery and both posterior cerebral arteries P2 seg-
ment, observed at severe stage of the disease. Hyperhomocysteninemia (HHCys) 
was observed in our patient. The first dosage was intermediate, and the second 
was high. HHcys associated to MMD has been reported in an 18-year-old wom-
an, who had hemiparesis 8 years ago, and recurrent episodes of vertigo and 
headaches. She also had seizures during her hospitalization [6]. HHCys is recog-
nized as a risk factor for several diseases, including cardiovascular and neuro-
logical conditions. Homocysteine (HCys) is a key metabolite involved in the 
biosynthesis and metabolism of methionine (Met), which plays a pivotal role in 
the physiological cell’s life cycle. The biochemistry of Met is finely regulated by 
several enzymes that control HCys concentration. Indeed, balanced activity among 
the enzymes is essential for the cell’s well-being, while its malfunction could 
raise HCys concentration which can lead to the onset of several pathological 
conditions [7]. Enzyme defects associated with HCys metabolism are considered 
the most prevalent cause of HHCys. The enzyme defects has been researched, 
especially the polymorphisms of the main enzymes involved in HCys metabol-
ism such as Cystathionine b-synthase (CBS) deficiency, Methylenetetrahydrofo-
late reductase (MTHFR) deficiency, Methionine synthase deficiency, and Me-
thionine adenosyl transferase deficiency [10]. One of the most studied polymor-
phisms is C677T, present on the gene encoding for the folate-metabolizing en-
zyme MTHFR. It has been estimated that 10% of the worldwide population is 
homozygous (TT genotype) for the common C677T polymorphism, but the 
frequency can rise up to 25% in southern Italy and to 32% in some areas in 
Mexico. Prolonged exposure to this condition can lead to the onset of cardi-
ovascular disease and can lead to the development of atherosclerosis, stroke, 
inflammatory syndromes like osteoporosis and rheumatism, as well as neu-
ronal pathologies includin Alzheimer’s and Parkinson’s diseases [7]. A potential 
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mechanism is the thrombotic activity of HCys and its direct effect of endo-
thelial dysfunction, where the HCys acts as an inhibitor of endothelial nitric 
oxide synthase (eNOS), which will cause reduced bioavailability of NO, through 
the inhibitory effect of asymmetric dimethylarginine (ADMA) [10]. Observa-
tional studies indicated that for each 5-µmol/L rise in serum homocysteine levels, 
there was a 32% increased risk of ischemic heart diseases and a 59% increased risk 
of stroke. A meta-analysis of randomized controlled trials indicated a 10% lower 
risk of stroke and a 4% lower risk of overall CVD (cardiovascular diseases) with 
folic acid supplementation [11]. In 2012, the Japenese guidelines recommend 
using oral antiplatelet agents to medical treatment of MMD. According to them, 
medical treatment of MMD is roughly classified into treatment of the acute 
phase of stroke, treatment for preventing recurrence in the chronic phase of 
stroke, and treatment of asymptomatic moyamoya disease [8]. The most im-
portant goal of surgical revascularization is to prevent cerebral infarction by 
improving cerebral blood flow (CBF) and restoring reserve capacity [12]. How-
ever, intra-cranial and extra-cranial revascularization for the prevention of re-
currence of bleeding in patients with hemorrhagic MMD is controversial [3]. 
Our patient received Aspirin 250 mg per day, and folic acid 15 mg per day, re-
sulting in improved cerebral circulation. She no longer had a recurrence of 
stroke, confirmed by MRA findings. Our report suggests the interest of MRA in 
the management of stroke in sub-Saharan Africa. MRA remains the reference 
examination for the diagnosis and follow-up of moyamoya disease. In addition, 
long-term treatment with antiplatelet agent effectively prevents recurrence of 
stroke. In the presence of HHCys without polymorphism of MTHFR gene, folic 
acid is effective to reduce HHCys and prevent recurrence of ischemic stroke 
and also can improve blood circulation. MMD is underdiagnosed in sub-Saharan 
Africa due to the unavailability of and inaccessibility of MRI, very often costly 
for the populations. However, clinicians should use MRI whenever possible so 
as not to overlook specific rare causes of stroke, especially in young patients. In 
our practice, Antiplatelet agents should be considered in first intention for MMD 
ischemic stroke prevention. 

4. Conclusion 

Moyamoya disease (MMD) is a rare cause of stroke in sub-Saharan Africa. We 
report a case of moyamoya associated with Hyperhomocysteninemia (HHCys) 
in a sub-Saharan young African woman. MMD is rarely associated with HHCys 
and most commonly occurs in East Asian populations, with more frequent ge-
netic etiology. Headache may precede cerebral infarctions several years before 
which can manifest by silent infarction. In the absence of angiography, MRA 
remains the reference for the study of carotids and their main branches. The 
study of thrombophilia should be systematically done, especially in young pa-
tients. Combined antiplatelet agent with folic acid when HHCys is discovered 
demonstrates the effectiveness of ischemic stroke prevention.  
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Informed Consent 

Written informed consent for publication of clinical details and clinical images 
was obtained from the patient on Institutional format. 
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