
668

Received December 21, 2009; Accepted February 5, 2010

668

Neurol Med Chir (Tokyo) 50, August, 2010

H. Tokimura et al.

Neurol Med Chir (Tokyo) 50, 668¿674, 2010

Familial Moyamoya Disease Associated With
Graves' Disease in a Mother and Daughter

—Two Case Reports—

Hiroshi TOKIMURA, Kenichiro TAJITSU*, Hiroshi TAKASHIMA**,
Takahisa HIRAYAMA*, Masahiro TSUCHIYA,
Kenji TAKAYAMA***, and Kazunori ARITA

Departments of Neurosurgery and **Neurology and Geriatrics,
Graduate School of Medical and Dental Sciences, Kagoshima University, Kagoshima;

*Division of Neurosurgery, Sendai Shimin Hospital, Satsumasendai, Kagoshima;
***Sendai Neurosurgical Clinic, Satsumasendai, Kagoshima

Abstract

A mother and daughter presented with a rare combination of moyamoya disease and Graves' disease. A
19-year-old woman experienced numbness in her right hand due to cerebral infarction during therapy
for Graves' disease. Cerebral angiography demonstrated stenoses of the bilateral internal carotid arte-
ries and net-like abnormal collateral vessels indicative of moyamoya disease. Her 52-year-old mother
with a history of Graves' disease presented with left hemiparesis due to intracerebral hemorrhage; she
recovered after hematoma evacuation. Postoperative angiography demonstrated stenoses of the bilater-
al internal carotid arteries and net-like abnormal collateral vessels indicative of moyamoya disease.
Another otherwise healthy daughter manifested slight stenosis of the left internal carotid artery. After
cerebral revascularization surgery the patients were able to return to their normal daily lives. These
familial cases of moyamoya disease and Graves' disease indicate hereditary involvement in both dis-
eases.

Key words: moyamoya disease, hyperthyroidism, Graves' disease, cerebral infarction,
genetic factor

Introduction

Moyamoya disease is characterized by progressive occlu-
sion of the terminal portion of the internal carotid artery
associated with the formation of collateral abnormal ves-
sels at the base of the brain.5) Although the mechanism(s)
underlying the vascular changes are unknown, hereditary
factors appear to be involved because 10% of Japanese

patients have a familial history of moyamoya disease.28)

Graves' disease is an autoimmune disorder presenting as
thyroid gland hyperactivity; its underlying mechanisms
also remain to be elucidated. Patients with coexisting
moyamoya disease and Graves' disease are rare; with only
22 cases reported to date.6,8,10,12–15,17,19,22,23,26–28)

We encountered a Japanese mother and daughter with
moyamoya disease associated with Graves' disease, and
discuss the possible association between the two diseases.
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Fig. 1 Case 1. T2-weighted magnetic resonance image
demonstrating a hyperintense area in the left parietal lobe.

Fig. 2 Case 1. Preoperative right (left) and left (right) com-
mon carotid arteriograms, anteroposterior views, demonstrat-
ing stenosis of the terminal portion of the bilateral internal
carotid arteries, occlusion of the middle and anterior cerebral
arteries, and net-like abnormal collateral vessels around the
circle of Willis.

Fig. 3 Case 1. Postoperative magnetic resonance angiogram
demonstrating many vessels in the area of the bilateral middle
cerebral arteries through parietal branches of the superficial
temporal arteries.

Fig. 4 Case 2. Fluid-attenuated inversion recovery magnetic
resonance image demonstrating a hyperintense area in the right
temporal lobe.
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Case Reports

We retrospectively reviewed data recorded in the medical
charts of a Japanese mother and daughter with the rare
combination of moyamoya disease and Graves' disease.
Both patients had undergone cerebral revascularization
surgery between May 2003 and February 2009 at Sendai
Shimin Hospital. We also studied magnetic resonance
(MR) angiograms of the mother's other healthy daughter.

Case 1: The affected 19-year-old daughter was admitted
with exophthalmos and tachycardia to another hospital
specializing in the treatment of thyroid diseases. Laborato-
ry studies revealed thyrotoxicosis; the thyroid-stimulating
hormone (TSH) receptor antibody value was 86.2%, the
TSH level was 0.03 mU/ml, the free tri-iodothyronine (FT3)
level was 30.0 pg/dl, and the free thyroxine (FT4) level was
6.0 ng/dl. Immediately after thyroidectomy, she reported
numbness of the right hand that remained unrelieved for 3
months and she was admitted to our hospital. Prior to this
admission she had not experienced any symptoms sugges-
tive of cerebrovascular accidents.

On admission her physical status was normal. Thyroid
function studies showed slight hypothyroidism; the levels
of TSH, FT3, and FT4 were 39.51 mU/ml, 2.4 pg/dl, and
0.83 ng/dl, respectively. Other laboratory findings were
normal. Neurological examination revealed dysesthesia of
the 3rd–5th fingers of the right hand. MR imaging showed
an infarction in the left parietal lobe (Fig. 1), and cerebral
angiography demonstrated occlusion of the terminal por-
tion of the bilateral internal carotid arteries and both mid-
dle cerebral (MCA) and anterior cerebral arteries. Net-like
vessels were recognized around the circle of Willis (Fig.
2). These angiographic findings led us to diagnose stage 5
moyamoya disease,25) and 6 months later she underwent
revascularization using a superficial temporal artery
(STA) to MCA bypass on the left side. Six months after that
operation a similar bypass was carried out on the right
side. Postoperative MR angiography demonstrated ade-
quate blood supply to the bilateral cerebral hemispheres
via both STAs (Fig. 3). She suffered no ischemic attacks

during the immediate postoperative period and she was
able to resume her normal daily life. No recurrence of
cerebral ischemia has occurred in the 5 years since sur-
gery.
Case 2: The 52-year-old mother of Case 1 had a past histo-
ry of hypertension and hyperlipidemia; 18 years earlier
she was diagnosed with hyperthyroidism with symptoms
of tachycardia and excessive sweating. She underwent
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Fig. 5 Right common carotid arteriograms, anteroposterior
view (upper left) and lateral view (upper right), demonstrating
stenosis of the terminal portion of the internal carotid and an-
terior cerebral arteries, occlusion of the middle cerebral artery,
and net-like abnormal collateral vessels around the circle of
Willis. Magnetic resonance angiograms demonstrating these
findings bilaterally (lower row).

Fig. 6 Family pedigree of the patients. Circles and squares in-
dicate female and male, respectively. The arrow indicates the
proband, the 52-year-old mother (Case 2). Closed circles identify
the mother (Case 2) and daughter (Case 1) who presented with
combined moyamoya and Graves' diseases. ``G'' and ``H'' indi-
cate individuals with thyroid tumor and hypothyroidism, re-
spectively. Gray circle identifies another daughter with stenosis
of the left internal carotid artery.

Fig. 7 Magnetic resonance angiogram of another daughter at
21 years old demonstrating slight stenosis at the siphon of the
left internal carotid artery.
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thyroidectomy which relieved her symptoms. She suffered
sudden onset of left hemiparesis and was admitted to a lo-
cal hospital in April 2008. The diagnosis was cerebral
hemorrhage in the left temporal subcortical region and the
hematoma was evacuated. She was subsequently admitted
to our hospital for further assessment and treatment.

On admission her physical status and laboratory data
were normal. Neurological examination revealed no
pareses but detected left upper quadrihemianopsia. MR

imaging disclosed hyperintensity in the right temporal
region due to cerebral hemorrhage (Fig. 4). Bilateral
carotid angiography demonstrated stenoses of the termi-
nal portion of the internal carotid and anterior cerebral ar-
teries, and occlusion of the MCA. Well-developed
moyamoya vessels were seen at the base of the cerebrum
(Fig. 5). Anomalous MR angiography findings were
present bilaterally (Fig. 5). The angiographic diagnosis
was stage 3 moyamoya disease.25) Six months after the on-
set of her subcortical hemorrhage she underwent STA-
MCA anastomosis on the right side. She manifested no
postoperative neurological deficits. After the operation
she was able to return to her normal daily life. She is cur-
rently scheduled for revascularization on the left side.

The family pedigree of this patient reveals 3 women
with thyroid tumors and one with hypothyroidism (Fig. 6).
Her grandfathers were brothers with the same parents.
She has 3 children, one son and 2 daughters. The daughter
with no symptoms of moyamoya disease or Graves' dis-
ease underwent MR angiography at the age of 21 years,
which revealed slight stenosis in the cavernous portion of
the left internal carotid artery (Fig. 7).

Discussion

The familial occurrence renders our two patients distinct
from previously reported patients with the combination of
moyamoya disease and Graves' disease. Another daughter
of the proband patient manifested internal carotid artery
stenosis. Based on these observations, we suggest that
genetic factors are important in the coexistence of
moyamoya disease and Graves' disease. If a single genetic
factor was involved in the present family, the inheritance
pattern of Graves' disease should be autosomal dominant
with incomplete penetrance. We posited that the in-
heritance pattern of moyamoya disease with Graves' dis-
ease may point to a mitochondrial origin; our observations
suggest that like Graves' disease it is autosomal dominant
with incomplete penetrance.

Some genetic factors are involved in the pathogenesis of
moyamoya disease. Microsatellite linkage analyses identi-
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fied at least 3 genetic loci on chromosomes 3p16
(MYMY1), 17q25 (MYMY2), and 8q23 (MYMY3). The
responsible genes associated with the 3 loci remain to be
identified.9,18,21) Although the 2 diseases present with
different main symptoms, 2 genes are reported to cause
moyamoya disease. Mutations in smooth muscle alpha-ac-
tin (ACTA2) have been reported as a causative factor in co-
ronary artery disease, stroke, moyamoya disease, and
thoracic aortic disease.7) The specific ACTA2 mutation
p258RÀH or C is strongly associated with young age at
the onset of stroke and moyamoya disease. ACTA2 muta-
tions increase the vascular proliferation of smooth muscle
cells. However, the patients with Schimke immuno-osseus
dysplasia identified by genetic study did not demonstrate
any association with Graves' disease.2,3) Besides Graves'
disease, moyamoya disease has also been documented to
occur in association with other disease entities including
Down syndrome, sickle cell anemia, aplastic anemia, sys-
temic lupus erythematosus, antiphospholipid syndrome,
ulcerative colitis, Apert syndrome, neurofibromatosis,
and tuberous sclerosis.4,10)

Graves' disease is an autoimmune disorder in which
TSH receptors are targeted by various auto-antibodies,
resulting in the excessive production and release of
thyroid hormones. The consequent hyperthyroid state
leads to multi-organ physiologic disorders. Autoimmune
thyroid diseases including Graves' disease and
Hashimoto's thyroiditis are attributable to interactions be-
tween environmental and genetic factors. The identified
susceptibility gene loci are human leucocyte antigen
(HLA)-DR, a quintet of non-HLA genes that includes the
cytotoxic T lymphocyte antigen (CTLA-4), CD40, protein
tyrosine phosphatase-22 (PTPN22), thyroglobulin, and the
TSH receptor gene. However, the gene responsible for
Graves' disease remains to be identified.11) A gene locus of
autoimmune thyroid disease spans 8q23-q24, a site that is
very close to the locus of MYMY3.20) Therefore, if the
disease-associated locus is single, the gene locus in our fa-
mily may map to 8q23-q24. Graves' disease has also been
reported to occur in association with ulcerative colitis, in-
flammatory bowel disease, pulmonary hypertension,
aplastic anemia, primary sclerosing cholangitis,
retroperitoneal fibrosis, membranous glomerulonephritis,
myasthenia gravis, cerebral venous thrombosis, thyroid
and breast carcinoma, and moyamoya syndrome.8)

Most associations between Graves' disease and moya-
moya disease involve immunologic factors, but our cur-
rent findings suggest that moyamoya disease may have a
strong genetic relationship with Graves' disease. Although
moyamoya disease and Graves' disease have their origin
in independent genetic or immunological factors, we posit
that the presence of Graves' disease or the hyper-immune
state may facilitate arterial narrowing in individuals with
genetic factors involved in the manifestation of moya-
moya disease. Although hereditary and immunologic fac-
tors are involved in both moyamoya disease and Graves'
disease, only 22 patients with moyamoya disease and
Graves' disease have been reported.6,8,10,12–15,17,19,22,23,26–28)

The clinical profiles of the 24 patients, including ours,
are summarized in Table 1. All patients except one were

female; 22 presented with ischemic symptoms and 2 with
hemorrhage. Most patients with moyamoya disease ex-
perience ischemic attacks in infancy and childhood;
hemorrhages tend to be seen in older patients.16) In the
subgroup of patients with moyamoya disease associated
with Graves' disease, the average age of those with ische-
mia was 28.6 ± 11.3 (standard deviation); the 2 patients
with intracranial hemorrhage were 19 and 52 years old.
Computed tomography (CT) and/or MR imaging studies
showed that 19 patients had cerebral infarction, 2 present-
ed with intracerebral hemorrhage, and 2 manifested no le-
sions compatible with neurologic events. Angiography
showed classical moyamoya vessels in 19 patients and
moyamoya phenomenon, e.g., uni- or bi-lateral internal
carotid artery stenosis not associated with classical
moyamoya vessels, in 5. Cerebrovascular accidents oc-
curred in 21 patients when they were thyrotoxic. Vascular
events may be triggered by the hemodynamic changes that
have been reported in patients with thyrotoxicosis.24) The
onset of moyamoya disease and Graves' disease was simul-
taneous in 13 patients, and 6 patients with a past history of
cerebrovascular accidents manifested worsening of
moyamoya disease during thyrotoxicosis. The onset of
moyamoya disease occurred during diagnostic proce-
dures, therapy, and Graves' disease recurrence in 3
patients. Only 2 patients presented with moyamoya dis-
ease long after the diagnosis of Graves' disease.

Immunological disorders and hereditary factors are
thought to be involved in the development of cerebral ar-
tery stenosis in moyamoya disease; hypermetabolism due
to excessively high levels of thyroid hormone may be an
important promoting factor of arterial stenosis in patients
with coexistent moyamoya disease and Graves' disease.
Hyperplasia of the cerebral arterial wall may be attributa-
ble to the hypermetabolism-induced increase in the
cerebral blood flow and to direct hormonal effects in
thyrotoxicosis.24) In addition, thyroid hormones are
thought to increase regional sensitivity to the sympathetic
nervous system; this may contribute to pathologic changes
seen in the internal carotid arteries of these patients.13)

Of the 24 documented patients, including ours, 12
received antithyroid therapy and revascularization sur-
gery, 11 underwent medical treatment of hyperthyroidism
only, and one patient received no treatment; 17 patients
had a good recovery, 4 were moderately disabled, and one
patient died. After treatment 19 patients experienced no
recurrence of cerebrovascular events, and no outcome
information was provided for the remaining patients. As
the neurological condition of treated patients improved
with remission of hyperthyroidism, optimal hormonal
control during the perioperative period is important.13,27,29)

Revascularization surgery was performed 1 to 4 months
after the start of intensified medical treatment for Graves'
disease.10) We suggest revascularization surgery after con-
trol of Graves' disease as the first line of treatment.

Among patients with moyamoya disease, the incidence
of familial occurrence is 10–15%. The clinical characteris-
tics of familial moyamoya disease include female prepon-
derance and younger age at onset.22) The clinical charac-
teristics of familial Graves' disease include familial occur-
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rence with incidence of 2–3%, male preponderance, youn-
ger age at onset, and autoimmune and allergic disorders in
relatives The clinical symptoms do not affect the progno-
sis.1) In the family reported here, the daughter was young
(19 years) at the onset of both diseases, 3 relatives had a
past history of Graves' disease, and one relative had
hypothyroidism.

The present report includes a mother and daughter with
moyamoya disease associated with Graves' disease.
Another daughter manifested internal carotid artery ste-
nosis. Further clinical and genetic studies of related
patients presenting with the rare coexistence of
moyamoya disease and Graves' disease are underway to
discover clues for the etiology and pathophysiology of
both diseases.
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