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Abstract

Introduction: Moyamoya disease (MD) is a progressive, occlusive disease of the arteries of
the anterior cerebral circulation that may cause ischaemia or haemorrhage. Patient manage-
ment aims to prevent new cerebrovascular events through surgical revascularisation and/or
pharmacological treatment.

Materials and methods: We studied a series of 17 patients with MD (n = 14) or moyamoya syn-
drome (MS; n=3), who were evaluated between January 1989 and December 2016; 11 patients
were women and 6 were men. Thirteen patients had definitive MD (76%), one had unilateral
MD (5.2%), and 3 had MS (18%). The condition manifested as intraparenchymal haemorrhage
(in 35.2% of patients), brain ischaemia (29.4%), subarachnoid haemorrhage (17.6%), seizures
(11.7%), and headache with no associated haemorrhage (1 patient).

Results: Ten patients (58.8%) underwent revascularisation and 7 (41.2%) received pharmacolog-
ical treatment. All patients were evaluated with the modified Rankin Scale (mRs) at admission
and at the last consultation; mRs scores were significantly lower in the group undergoing surgery
(P< .04). During follow-up, none of the patients undergoing revascularisation experienced
recurrences, whereas 2 patients receiving pharmacological treatment did experience a new
vascular event (one ischaemic and one haemorrhagic) (P< .05). No significant differences were
observed between the treatment outcomes of different revascularisation techniques.
Conclusions: Although our population has different demographic characteristics from those of
other non-Asian populations, ours is the largest published series of Hispanic individuals with
MD. Our results support the use of revascularisation procedures to improve these patients’
neurological status and to prevent new cerebrovascular events.

© 2018 Sociedad Espanola de Neurologia. Published by Elsevier Espana, S.L.U. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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Resumen

Introduccion: La enfermedad Moyamoya (EM) es una arteriopatia oclusiva y progresiva de la
circulacion cerebral anterior, que puede producir eventos isquémicos o hemorragicos. El obje-
tivo terapéutico es la prevencion de nuevos eventos a través de tratamiento médico o cirugia
de revascularizacion.

Métodos: Se estudiaron 17 pacientes con EM y sindrome Moyamoya (SM), atendidos de enero
de 1989 a diciembre del 2016. Trece pacientes tenian EM definitiva (76%), 1 paciente EM uni-
lateral (5.2%) y 3 pacientes SM (18%). Once pertenecian al sexo femenino y 6 al masculino. Su
forma de presentacion fue hemorragia intraparenquimatosa (35.2%), isquemia cerebral (29.4%),
hemorragia subaracnoidea (17.6%), crisis convulsivas (11.7%) y 1 paciente debuto con cefalea

Resultados: En 10 pacientes se realiz6 una cirugia de revascularizacion (58.8%), y 7 pacientes
se manejaron médicamente (41.2%). La valoracion neuroldgica, empleando la escala modifi-
cada de Rankin al ingreso y en su Gltima consulta, mostréd una diferencia significativa (p < 0.04)
a favor del grupo quirdrgico. Ningln paciente del grupo quirirgico presentd nuevos eventos
vasculares, mientras que 2 pacientes del grupo médico desarrollaron uno nuevo (1 isquémico
y 1 hemorragico). En nuestro estudio no hubo una diferencia significativa entre los métodos
de revascularizacion, pero si en comparacion con los pacientes que se trataron médicamente

Conclusiones: Si bien nuestra poblacion muestra diferencias con otras series reportadas fuera
de Asia, esta es la serie reportada mas numerosa para una poblacion hispana. Nuestros resul-
tados sugieren que los procedimientos de revascularizacion son utiles para prevenir nuevos

© 2018 Sociedad Espaiiola de Neurologia. Publicado por Elsevier Espana, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-

Enfermedad

moyamoya en

adultos.
sin hemorragia.
(p<0.05).
eventos vasculares isquémicos o hemorragicos.
nc-nd/4.0/).

Introduction

Moyamoya disease (MD) is an idiopathic arterial occlu-
sive disease characterised by progressive involvement of
the anterior cerebral circulation, most commonly manifest-
ing with bilateral stenosis or occlusion of the supraclinoid
internal carotid artery (ICA) and its main branches'~>; in
exceptional cases, the posterior circulation is affected.®'°
Global incidence is estimated at 0.086 cases per 100 000
population,’" and the disease is very rare in Hispanic popu-
lations.

Treatments for the disease aim to increase cerebral
blood flow in the affected hemisphere and to reduce the
risk of cerebrovascular events. Revascularisation is achieved
through the creation of an extracranial-intracranial anas-
tomosis, for example through direct revascularisation from
the superficial temporal artery (STA) to the middle cerebral
artery (MCA), or indirect revascularisation with encephalo-
duroarteriosynangiosis (EDAS). "

Although MD is more common in Asian populations, a
well-defined phenotype has been identified. The disease
predominantly affects women, with the form of presenta-
tion depending on age: children develop ischaemia due to
inadequate formation of collateral vessels, whereas adults
present haemorrhage due to rupture of fragile collateral

vessels. Few studies describe the characteristics and treat-
ment of MD in Hispanic populations. This study describes
the epidemiological features of MD and the experience of
its treatment in Mexican patients older than 18 years of age
at a single centre.

Patients and methods
Patients

We present a series of patients diagnosed with MD (defini-
tive MD, unilateral MD) and moyamoya syndrome and treated
between 1989 and 2016 at the Instituto Nacional de Neu-
rologia y Neurocirugia Manuel Velasco Suarez in Mexico
City. We used the 2012 diagnostic criteria established
by the Japanese Ministry of Health, Labour, and Welfare
research committee.’? The series includes patients attend-
ing the neurosurgery and vascular neurology departments
with some ischaemic or haemorrhagic event and diagnosed
with MD.

Data were collected on demographic variables, form of
presentation (ischaemic or haemorrhagic), neurological sta-
tus at admission, imaging studies with a description of
angiography findings based on the Suzuki staging system for
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Table 1 Stages of moyamoya disease and description of
angiography findings.

Stage Angiography findings

I Stenosis or occlusion of the terminal segment of
the ICA

Il Initiation of moyamoya collaterals
Collateral vessels are seen faintly. No direct
collaterals from the ECA to the intracranial area

1} Intensification of moyamoya disease
Collateral vessels seen clearly. Progressive
stenosis of the ICA

v Minimisation of moyamoya phenomenon
Occlusion of the ICA extends to the posterior
communicating artery and posterior cerebral
artery

\' Reduction of moyamoya phenomenon
Occlusion of the ICA extends to the C2 segment
and collateral circulation increases.

Vi Disappearance of moyamoya phenomenon
Cerebral circulation from the ICA disappears
completely and is maintained only by the ECA or
vertebral artery.

Source: Suzuki and Takaku.’
ECA: external carotid artery; ICA: internal carotid artery.

MD,’ indicated medical or surgical treatment (where appli-
cable), and neurological status at discharge (Tables 1 and 2).

Clinical assessment

Patients were assessed with the modified Rankin Scale
(mRS) every 6 months after the definitive diagnosis was
established; patients undergoing surgery were assessed at
discharge and monthly for 3 months and then every 6 months
if no incidents related to the procedure were recorded.
Clinical findings were considered favourable if the patient’s
functional status had not worsened with respect to the pre-
vious appointment and if imaging studies did not indicate
any new cerebrovascular event.

Data analysis

For the analysis of clinical findings, patients were grouped
as follows: 1) patients treated surgically; 2) patients treated
medically; and 3) patients receiving no treatment.

Sociodemographic variables were analysed with descrip-
tive statistics and by study group. Data were subsequently
analysed with the SPSS (version 22 for Windows; IBM) and
MATLAB software. Data were tested for normal distribution
with the Kolmogorov-Smirnov test. Continuous quantitative
variables were analysed with the Wilcoxon and Kruskal-
Wallis tests and nominal qualitative variables were studied
with the Fisher exact test.

Table 2 Clinical and sociodemographic variables of
patients with moyamoya disease or moyamoya syndrome.

Variable
Patients studied 17
Mean age, years (range) 37 (19-63)
Age group, n (%)
16-20 1(5)
21-30 4 (23)
31-40 7 (41)
41-50 2 (11)
51-60 1(5)
61-70 2 (11)
Sex, n (%)
Men 6 (35)
Women 11 (64)
Cardiovascular risk factors, n (%)
AHT 6 (35)
DM2 5 (29)
Smoking 3(17)
Dyslipidaemia 2 (11)
Stroke, n(%)
Haemorrhagic 9 (52)
Ischaemic 8 (47)

Disease stage (Suzuki staging system), n(%)
[ 2 (11)

[ 4 (23)
i 4(23)
\Y 6 (35)
v 0 (0)
Vi 1(5)

AHT: arterial hypertension; DM2: type 2 diabetes mellitus.
Results

Epidemiological and clinical data

A total of 17 patients with MD were attended between Jan-
uary 1989 and December 2016. Of these, 13 (76%) were
diagnosed with definitive MD, one with unilateral MD (5.2%),
and 3 with moyamoya syndrome (18%); the latter syndrome
was characterised by angiography findings suggestive of
bilateral moyamoya phenomena associated with atheroscle-
rosis of the extracranial ICA in 2 patients (10.4%) and
fibromuscular dysplasia in one (5.2%).

Eleven patients (64.7%) were women and 6 (35.5%) were
men; therefore, the female-to-male ratio was 1.8:1. The
mean age was 37.6 years (range, 18—61). All patients were
Mexican; by state, 5 patients were from Mexico City (29.4%),
5 were from Guerrero (29.4%), 2 were from Oaxaca (11.7%),
one was from Veracruz (5.8%), one was from Puebla (5.8%),
one was from Hidalgo (5.8%), one was from Nuevo Ledn
(5.8%), and one was from the State of Mexico (5.8%). No
patient had family history of MD.
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Table 3 Initial and final modified Rankin Scale scores.

Patient number Initial score Final score Form of presentation Treatment

1 2 0 Haemorrhagic Surgery

2 1 1 Ischaemic Surgery

3 2 4 Ischaemic Surgery

4 2 0 Haemorrhagic Surgery

5 1 1 Ischaemic Surgery

6 4 3 Haemorrhagic Surgery

7 2 0 Haemorrhagic Surgery

8 0 0 Ischaemia and seizures Surgery

9 1 0 Haemorrhagic Surgery

10 0 0 Ischaemic Surgery

11 2 1 Ischaemia and seizures Drug treatment
12 2 2 Headache Drug treatment
13 2 2 Ischaemic Drug treatment
14 1 1 Haemorrhagic Observation

15 3 3 Haemorrhagic Observation

16 1 6 Haemorrhagic Observation

17 1 0 Haemorrhagic Observation

Of the 17 patients in the series, 7 presented no cardio-
vascular risk factors (41.1%), 7 presented one risk factor
(41.1%), one presented 2 risk factors (5.8%), and 2 pre-
sented metabolic syndrome according to the World Health
Organization definition (11.7%). The risk factors recorded
were arterial hypertension in 6 patients (35.2%), smoking in
5 (29.4%), diabetes mellitus in 3 (17.6%), and dyslipidaemia
in 2 (11.7%) (Table 2).

Clinical presentation was intraparenchymal haemorrhage
in 6 patients (35.2%), subarachnoid haemorrhage in 3
(17.6%), ischaemia in 5 (29.4%), ischaemia and seizures in
2 (11.7%), and headache without haemorrhage in one (5.8%)
(Table 3).

All patients underwent digital subtraction angiography
studies, and MD was classified according to the Suzuki stag-
ing system (Table 1). The anterior circulation was affected
in all cases. Fourteen patients (82.3%) presented stenosis of
the terminal segment of both ICAs, extending to the main
branches; in 3 (17.6%), involvement of the proximal segment
of the MCA was more severe than that of the ICA. In 2 of
the patients with haemorrhagic presentation, we found evi-
dence of multiple old lacunar infarcts in the MCA territory
bilaterally, with no apparent clinical manifestation prior to
the haemorrhagic event.

Indication of revascularisation surgery

Ten patients (58.8%) underwent surgery, whereas conser-
vative treatment was indicated for 7 (41.17%) (Table 3).
Conservative treatment was prescribed to patients in whom
the surgical procedure was contraindicated due to their
clinical condition, comorbidities, or preferences. Five of
the patients undergoing surgery (29.4% of the total sam-
ple) presented haemorrhage and the remaining 5 presented
ischaemia. Nine patients (52.9%) underwent bilateral revas-
cularisation; a second procedure was contraindicated in one

patient (5.8%) due to comorbidities. The first procedure was
performed on the symptomatic side. In 8 of the 9 patients
undergoing bilateral surgery (47.1% of the total sample),
the first procedure performed was direct revascularisa-
tion with an STA-MCA bypass, most commonly in segment
M3 or M4 (see video in Supplementary Material), and the
remaining patient (5.8%) underwent indirect revasculari-
sation through EDAS. The second procedure was STA-MCA
bypass in 6 patients (35.2%) (Fig. 1 and 2 show representative
cases) and EDAS in 4 (23.5%).

Mean follow-up time was 38.4 months (range, 2—120).
mRS scores improved in 5 patients (29.4%), remained
unchanged in 4 (23.5%), and decreased in one (5.8%). Clini-
cal assessment and imaging studies did not show any further
cerebrovascular events in any patient.

Of the 7 patients (41.1%) receiving conservative treat-
ment, 3 (17.6%) presented ischaemic events and received
antiplatelet therapy with acetylsalicylic acid, and 4 (23.5%)
presented haemorrhagic events, and were not administered
any drug. Mean follow-up time was 54 months (range, 2-
130). mRS scores improved in 2 patients (11.7%), remained
unchanged in 4 (23.5%), and decreased in one (5.8%)
(Table 3). Two patients (11.7%) presented a further cere-
brovascular event: one (5.8%) presented an ischaemic stroke
and subsequently returned to his baseline condition; the
other (5.8%) presented a haemorrhage associated with
rapidly progressing haemodynamic and neurological impair-
ment, leading to the patient’s death.

Statistical analysis

In the first statistical analysis, we compared initial and final
mRS scores for the total sample, including all treatment
groups (P=.1300). The Wilcoxon test was used to compare
scores only in those patients undergoing direct or indirect
revascularisation (P=.1012).
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Figure 1

Representative case 1. Bilateral moyamoya disease with unilateral revascularisation. A) MRI showed ischaemia in the

right parietal region. B and C) An angiography study revealed severe stenosis of both internal carotid arteries (Suzuki stage 5).
D) Contrast administration to the right vertebral artery revealed bilateral collateral circulation. E) Follow-up angiography study
after revascularisation from the superficial temporal artery to the middle cerebral artery, with excellent results (arrows). F) 3D
angiography study showing the collateral circulation (arrow) through the parietal branch of the superficial temporal artery.

In a subsequent analysis, we compared the difference
in mRS score (initial vs final) between treatment groups;
we used the Kruskal-Wallis test due to the small size of our
sample. For the comparison of all 3 treatment groups, we
obtained a value of P=.1871. When we excluded the patient
with type 2 diabetes mellitus from the group of patients
receiving no treatment, the test yielded a value of P=.1311.
Finally, we compared the surgery and no-treatment groups,
obtaining a value of P=.043.

Discussion

This is the first study into MD in a population of Mex-
ican adults. Diagnosis was established according to the
methods and criteria recommended by the Japanese guide-
lines and the international criteria accepted in clinical
practice.”'?

As expected, the incidence and prevalence rates calcu-
lated based on our data are much lower than those for Korea
and Japan. The female-to-male ratio in our sample (1.8:1) is
lower than those reported in the United States (3:1),"” Fin-
land (4.5:1),"® and Germany (4.25:1)."° Recent publications
signal an increase in MD incidence in different non-Asian
ethnic groups in the United States, including the Hispanic
population, although to a lesser extent.'>' Kainth et al."

analysed data from 7473 patients (2236 paediatric patients
and 5237 adults) diagnosed with MD in the United States
between 2005 and 2008; Hispanic patients accounted for
11.9% of those aged 19-45 years and 5.9% of those aged
older than 45. Uchino et al." report an incidence of 0.03
cases per 100 000 person-years in the Hispanic population in
the state of California, estimating a national incidence rate
of 10 new cases per year among the Hispanic population.’ In
our study, MD accounted for 0.03% of cases of cerebrovascu-
lar disease in our hospital’s registry (n=4481).2 MD should
be considered within the group of rare causes of stroke, and
in patients with stroke aged under 50 years, as is reported
by Arboix et al.2"?? and confirmed in the present study:
82% of our patients were aged 50 years or younger at the
time of onset. However, MD continues to be a very rare
entity in Latin American countries, and few studies anal-
yse its epidemiology (in paediatric or in adult patients) in
the region. The average age at onset in our series is very
similar to that reported in European studies (37.6 years,
vs 37.1 in Finland and 40.5 in Germany). Once more, it
should be noted that while MD is rare in the general popula-
tion, it predominantly presents in younger individuals, and
should be considered among the causes of stroke in young
patients, as this group presents a clearly distinct clinical
profile.?!

In 2005, Quintana' published a series of 10 patients
with MD and its variants in Chile. In that study, 5 patients
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Figure 2 Representative case 2. Patient with bilateral moyamoya disease who underwent bilateral revascularisation. A) An MRI
study revealed ischaemia in the right frontal lobe. B and C) An angiography study showed bilateral internal carotid artery occlusion
(Suzuki stage 4). D) Contrast administration to the vertebral artery revealed collateral circulation through the posterior commu-
nicating arteries. E and F) Angiography study with contrast administration to the right external carotid artery, showing the site of
anastomosis of the superficial temporal artery to the middle cerebral artery, with good flow (arrows; see video in Supplementary

Material).

were older than 18 years (range, 18—46), all of whom were
women with haemorrhagic presentation. Clinical presenta-
tion was predominantly atypical (unilateral MD in 4 patients
and definitive MD in one). In 2007, Urrutia-Ruiz et al.'® pub-
lished their experience of the diagnosis and management
of the disease in 7 paediatric patients in Mexico between
1995 and 2005, reporting similar clinical behaviour to that
observed in other series of paediatric patients. Our series is
similar to those mentioned above in that most patients were
women and presented the haemorrhagic form.

In 2 patients with haemorrhagic MD, CT findings were sug-
gestive of multiple old infarcts in the same territory, which
were presumably asymptomatic. We observed a lower per-
centage of patients with unilateral MD than those reported
in other studies (5.8%, vs 23% in Finland and 17% in
Germany),'”~"? although figures from Europe are higher than
those reported in Japan (10.6%).%

Presentation was more frequently haemorrhagic in our
series (52.94%) than in samples from Japan (21%), Fin-
land (15.7%), the United States (12%), and Germany
(7.85%).17_19’23

Various studies indicate that revascularisation surgery,
which may be direct or indirect according to the surgeon’s
judgement, is a low-risk procedure that is effective for pre-
venting further ischaemic events in patients with MD and
considerably improves quality of life in both adult and paedi-

atric patients. One of the largest prospective cohort studies
demonstrated the effectiveness of both direct and indirect
revascularisation for preventing recurrent ischaemic events
in patients with MD; however, no significant difference was
found for the prevention of recurrent haemorrhage.?> 2% A
recent meta-analysis found that direct revascularisation was
more beneficial than indirect revascularisation for redu-
cing the risk of subsequent ischaemic events.” Of the 10
patients who underwent surgery, 9 underwent bilateral pro-
cedures; 5 had ischaemic MD and 5 had the haemorrhagic
form. Of the 8 patients who were followed up for longer
than one year, functional status improved in 6 and remained
unchanged in 2 with respect to their status before surgery;
no patient presented stroke recurrence. We found no sta-
tistically significant differences between direct and indirect
revascularisation, although a difference was observed when
we compared against patients not undergoing surgery. One
patient, whose final mRS score was 4 points, presented
cognitive impairment at onset; after indirect revasculari-
sation by EDAS in the right hemisphere, he presented an
acute right subdural haematoma in the immediate postop-
erative period, which was treated surgically. The increase
observed in familial cases of MD is suggestive of genetic aeti-
ology. Family history of the condition is recorded in 12.1% of
patients in Japan and 2% of patients in the United States.?*
In our sample, no patient had family history of MD. Compar-
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ison against more homogeneous populations is difficult due
to the lack of series of Latin American patients.

While the characteristics of Mexican patients with MD
do differ from those of populations from Germany and the
United States, certain similarities were observed with the
Japanese population, namely the predominance of female
patients and the percentage of unilateral cases.

Ours is the first study to describe this disease in a
subpopulation of Latin American adults, a group in which
prevalence is low due to age and geographic region. Multi-
centre studies including hospitals from across Latin America
would increase our understanding of the demographic and
clinical characteristics of patients with MD, enabling us to
more precisely establish the most successful treatment.

Conclusions

This retrospective study is one of the first of its kind, report-
ing the largest series of patients with MD in a Mexican or
Latin American population to date. Surgery was found to
have better outcomes than conservative treatment, as mea-
sured with the mRS. However, the sample size represents a
limitation. A future multicentre study would give a better
picture of the incidence and prevalence of MD in our setting.
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