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Abstract
Background: Moyamoya disease (MMD) is a chronic steno-occlusive cerebrovascular condition initially described in 1957 in a
Japanese patient. The classic angiographic findings include bilateral stenosis or occlusion at the terminal portion of the internal
carotid artery, with an abnormal vascular network at the base of the brain. There are few epidemiological descriptions of non-Asian
cases.
Objectives: This study aimed at evaluating a cohort of patients with the MMD admitted in a quaternary, open-access rehabilitation
hospital in central Brazil.
Methods: This was a retrospective, observational study. Two neurologists reviewed data from electronic records of patients with
MMD admitted to SARAH Hospital in Brasilia in the past sixteen years. Data on etiology, associated conditions and general characteristics were collected. The modified Rankim scale (mRS) was used to determine morbidity.
Results: Twenty-one patients were identified and selected for this research. The average age at presentation was 20.5 years (range:
0 - 69 years), 62% were females, and 43% reported Asian ancestry. Ischemic stroke (IS) occurred in 95%, hemorrhagic stroke (HS) in
19%, and both IS and HS in 14%. Stroke recurred in 76% during follow-up; of these, 87% had IS. Because no other associated condition
was found, 80% of the patients could be classified as MMD; 15% had the Moyamoya syndrome, with the presence of other conditions
associated with the disease. Our hospital-based study showed a lower average age of onset than that in the literature, a much higher
incidence of IS, and similar rates of HS. Patients with HS scored worse on an initial and final mRS, and surgical procedures did not
significantly alter the prognosis. In comparison with those reported in international literature, we did not find significant differences in disability rates between younger and older patients. The average mRS score at admission was 3.4 (range: 2 - 4), with 2.9
(range: 1 - 4) at discharge.
Conclusions: Rehabilitation was able to improve the quality of life, as shown by the mRS at admission and discharge. Patients with
HS tended to have worse outcomes.
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1. Introduction
Moyamoya disease (MMD) is a chronic steno-occlusive
cerebrovascular condition initially described in 1957 in a
Japanese patient (1). The classic angiographic findings include bilateral stenosis or occlusion at the terminal portion of the internal carotid artery, with an abnormal vascular network at the base of the brain (2, 3).
Most epidemiological studies of this condition have
been conducted in Asian countries, mainly Japan and Korea (4). The prevalence is estimated at 6.03/100 000 (5).
There have been few studies in Latin American populations; one study in Brazil reported only 16 cases (6). The
last epidemiological report for Brazil was a case series published in 2009 (7), and described surgical treatment in children. Only case reports so far have been conducted in a rehabilitation setting, with evaluation of prognosis or the effect of a multidisciplinary approach (8). For this study, we
focused on the results and experience of follow-up of pa-

tients with MMD and stroke in our rehabilitation hospital.
Because this is a rare disease with few descriptions in Western countries, the results of our work could add to the epidemiological data and possible differences between populations studied so far.
2. Objectives
The aim of the present study was to evaluate a cohort
of patients with MMD managed and admitted in a quaternary, open-access rehabilitation hospital in central Brazil,
and to analyze the most frequent neurological symptoms,
associated conditions, duration of follow-up, and quality
of life at admission and discharge.
3. Methods
In this retrospective, observational study, two neurologists reviewed data from electronic records of patients
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with MMD admitted to SARAH hospital in Brasilia in the
past sixteen years. All patients were admitted due to stroke.
Epidemiological information was collected and frequencies were analyzed.
The diagnostic criteria adopted were from the Japanese
ministry of health and welfare (2). We divided patients
into a group with the Moyamoya syndrome, when an associated condition (such as sickle cell disease) was identified, and a group with MMD, when no other condition
was found. Patients not meeting the diagnostic criteria
and those without confirmation of stroke (hemorrhagic,
ischemic or both) by neuroimaging were excluded from
the study.
For the quality of life assessment, we used the modified Rankin score (mRS). This is a classic score of morbidity used in most stroke trials, ranging from zero (absence
of sequelae) to six (death) (9). Both neurologists independently analyzed the blinded information at admission and
discharge. Any differences were discussed after data collection to achieve consensus. All patients with the diagnosis
criteria for MMD and presence of stroke were evaluated (21
in total).
For statistical analysis, SPSS IBM® version 23 was used.
Categorical data were presented as numbers or percentages and continuous data as means or medians. The hospital ethics committee approved this research, according
to Brazilian regulations.

Patients mainly came from central regions of Brazil,
and 43% reported Asian ancestry. Ischemic stroke (IS) occurred in 95%, hemorrhagic stroke (HS) in 19%, both HS and
IS in 14%, and HS alone in 1 patient. Stroke recurred in 76%
during follow-up; of these, 87% had IS.
Among those with IS, 45% received secondary prevention with an antiplatelet therapy. Two subjects underwent
an indirect bypass surgery (encephaloduroarteriosynangiosis). All patients were followed up by another service
because our hospital is a quaternary center focused on rehabilitation.
Since no other associated condition was found, 80%
of the patients were classified as MMD; 15% were classified as the Moyamoya syndrome, as the sickle cell disease
was present in 5%, hyperhomocysteinemia in 5%, and neurosyphilis in 5%. Another 5% were not evaluated for associated conditions.
The average mRS score at admission was 3.4 (range: 2
- 4) and 2.9 (range: 1 - 4) at discharge. On admission, those
with HS had a mean mRS score of 4, while those without HS
had a mean score of 3.05. Patients with HS also had a higher
discharge mRS score than those without HS (Figures 1 and
2). The final mRS score did not differ between younger (<
18 years) and older (> 18 years) patients (3.1 and 3.3, respectively).
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Mean = 2.71
Std. Dev. = 0.92
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4. Results
Twenty-one patients were identified and selected for
this research. The average age at presentation was 20.5
years (range: 0 - 69 years), and 62% were females. Admission to our rehabilitation service occurred at a mean of 1.5
years after a stroke, and there was a mean of 7.9 years of
follow-up (range: 1 - 34 years); 42% of the patients were under 18 years at the time of the stroke. Table 1 summarizes
the data on presentation, recurrence, follow-up, and mRS
scores.
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Table 1. Population Characteristics

Minimum

Mean

Age at stroke, y

0

69

20.57

Recurrence, mo

0

120

11.06

Initial mRs

2

5

3.24

Final mRS

1

5

2.90

Follow-up

1

34

7.90

Abbreviation: mRS, the modified Rankim scale.
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Figure 1. The Modified Rankim Scale at Discharge in the Ischemic stroke Group. Abbreviation: mRS, the modified Rankim scale.

All patients with HS and 47% with IS alone developed
cognitive deficits. Stroke recurred in 42% of the patients,
at a mean of 11 months (range: 0 - 10 months). Only 22%
of such patients were not using secondary prevention. In
the surgery group, one patient had recurrence of IS and the
other did not (prior to surgery, both had a history of recurrent IS only).
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Figure 2. The Modified Rankim Scale (MRS) at Discharge in the Hemorrhagic Stroke
Group (including the patients with Ischemic stroke and hemorrhagic stroke)

5. Discussion
Moyamoya syndrome is an arteriopathy associated
with cerebral ischemia and stroke. The MMD prevalence
peaks at two ages, with different clinical presentations:
around 10 years, and at 30 - 45 years. Ischemic symptoms,
including transient ischemic attacks, are the most important clinical manifestation in both children and adults. Intracranial hemorrhage is more frequent in adults than in
children (10). Genetic susceptibility loci have been found
on 3p, 6p, 17q, and band 8q23. Mineharu et al. identified a
specific gene locus, q25.3, on chromosome (11). A genomewide association study identified RNF213 as the first gene
associated with Moyamoya.
Although MMD may occur in a previously healthy individual, many disease states have been reported in association with MMD, including thyrotoxicosis (12).
Epidemiological data on MMD show predominance in
Asian populations, although there is a growing evidence
of increased prevalence in non-Asian populations (13-15).
Latin American and Brazilian data are still lacking (4, 6).
Our hospital-based study showed a lower average age
of onset than that in the literature, a much higher incidence of IS, and similar rates of HS (4, 16). Selection bias
may explain such differences, since patients with greater
disability are more likely to present to our service.
The basis for treatment is neurosurgical direct or indirect arterial for HS or recurrent IS (17). Recently endovascular treatment with embolization of aneurisms also has
been proposed (11).
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Conservative treatment can be used; some risk factors
have been associated with recurrence, such as female sex,
Graves’ disease and presence of prior HS (17). There also has
been an indication that hemodynamic dysfunction could
be a risk factor for stroke occurrence. In general, there has
been an indication for an early surgical procedure in children or symptomatic patients (17).
Patients with HS scored worse on initial and final mRS
and surgical procedures did not significantly alter the
prognosis. In comparison with those reported in international literature, we did not find significant differences in
disability rates between younger and older patients.
After participating in a rehabilitation program, most
patients showed an improved mRS score, and some
achieved independence for activities of daily living. Because most patients did not undergo surgical treatment,
we cannot assess the value of this intervention in the morbidity in our subjects.
The main limitations of this study include: 1) selection bias, as stated above; 2) the small number of subjects, which prevents further statistical analysis; and 3) the
fact that the data were acquired retrospectively, from electronic records not originally intended for research.
5.1. Conclusions
In our experience, the rehabilitation process improves
the quality of life and can have an impact on morbidity,
as shown by the mRS scores on admission and discharge.
Patients with HS tend to have worse outcomes. More epidemiological data from non-Asian populations are needed.
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