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Background: A few cases of moyamoya syndrome associated with thyrotoxicosis have been
reported. However, studies on the association of hyperthyroidism with moyamoya syndrome

are insufficient.

Case Report: Here we report a case of hyperthyroidism associated with moyamoya syndrome
in a 41-year-old woman with aphasia and right side weakness. Brain imaging revealed acute
cerebral infarction of left middle cerebral artery territory and occlusion of bilateral distal

internal carotid arteries.

Conclusion: Antithyroid medication stabilized the patient’s neurologic deterioration,
suggesting that thyrotoxicosis could aggravate acute cerebral infarction caused by moyamoya

syndrome.
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INTRODUCTION

The moyamoya syndrome is a cerebrovascular disease
that predisposes patients to stroke due to progressive ste-
nosis of the intracranial internal carotid arteries and their
proximal branches.' Patients who have both characteristic
moyamoya vasculopathy and well-recognized associated
conditions are said to have the moyamoya syndrome,
whereas patients with no known associated conditions are
categorized as having moyamoya disease (MMD).

The well-recognized associated conditions are Down
syndrome, sickle cell anemia, neurofibromatosis and rarely
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hyperthyroidism, known as Grave’s disease. However, stud-
ies on the association of hyperthyroidism with moyamoya
syndrome are still lacking. We report a case of acute ce-
rebral infarction in a patient with moyamoya syndrome
which appeared to be aggravated by thyrotoxicosis.

CASE REPORT

A 41-year-old woman visited the emergency room with
aphasia, which had developed 10 hours earlier. The patient
was diagnosed with thyrotoxicosis 2 years ago and treated
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with methimazole. The patient had no history of hyperten-
sion, diabetes, smoking or cerebral infarction or cerebral
hemorrhage. Blood pressure at the time of admission was
165/78 mmHg, and heart rate was 123 times per minute.
On physical examination, goiter and exopthalmos were
observed. A neurological examination revealed incomplete
global aphasia, mild dysarthria and motor weakness of
right arm, grade IV+ of Medical Research Council grade.
Her initial score on the National Institutes of Health Stroke
Scale (NIHSS) was 3.

Diffusion-weighted imaging confirmed acute cerebral
infarction on left middle cerebral artery territory (Fig. 1A)
with low signal on apparent diffusion coefficient (Fig. 1B).
An axial T1-weighted magnetic resonance (MR) image did

not exhibit the typical punctuate and curvilinear flow voids
of the hypertrophied moyamoya collateral in the basal
ganglia. However, a T1-weighted images with gadolinium
enhancement and fluid-attenuated inversion recovery im-
ages revealed prominent leptomeningeal enhancement in
the both hemispheres (Fig. 1C, D). It indicated leptomenin-
geal collateral blood flow called “ivy signs” which is useful
for the diagnosis of MMD. MR angiography including the
aortic arch showed total occlusion of bilateral distal inter-
nal carotid arteries (Fig. 1E, F).>* Moderate decreased per-
fusion in left frontotemporal lobe and right temporal lobe
was detected in both basal imaging and more distinctly in
post-zoladin injection imaging on single photon emission
computed tomography (SPECT) (Fig. 2).

Figure 1. Brain DWI, ADC, TTWI with gadolinium enhancement, FLAIR images, and head and neck MR angiographic images (A-F).
DWI shows acute cerebral infarction on left middle cerebral artery territory (A) with low signal on ADC (B). TTWI images with gado-
linium enhancement reveals prominent leptomeningeal enhancement in bilateral hemispheres (black arrows, C). FLAIR images show
high signal intensity in the same area (black arrows, D). MR angiographic imaging reveals total occlusion of bilateral distal internal
carotid arteries (E, F). DWI, diffusion-weight imaging; ADC, apparent diffusion coefficient; TTWI, T1-weighted images; FLAIR, fluid-
attenuated inversion recovery; MR, magnetic resonance.
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Figure 2. Brain single photon emission computed tomography (A-D). Odd lines show basal imaging and even lines show post-zoladin
imaging. These imaging confirmed decreased perfusion and collateral blood reservoir lacking in left frontotemporal lobe and right

temporal lobe.

In thyroid function test, T3 was increased to 523 ng/dL
(reference, 65-150 ng/dL). Free T4 was increased to 9.08
ng/dL (reference, 0.89-1.76 ng/dL). Thyroid stimulating
hormone (TSH) was decreased to 0.01 plU/mL (reference,
0.35-5.5 plU/mL). Anti-TSH receptor antibody exceeded
40.00 IU/L (reference, 0-1.75 IU/L). In thyroid ultrasound,
the thyroid was enlarged diffusely. Transthoracic echo was
normal and there was no atrial fibrillation on 72-hour
Holter monitoring. In other blood tests likely fluorescent
antinuclear antibody, anti-neutrophil cytoplasmic anti-
body, there were no results suggestive of vasculitis or co-
agulopathy.

On the second day of admission, the patient’s aphasia
and right side weakness deteriorated further. Then, her
NIHSS was checked to 10. After the administration of
methimazole and Lugol’s solution, the patient remained
stable and there was no further symptom deterioration. At
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the end of 2 weeks, the patient’s NIHSS was 5 and thyroid
function test except for TSH was normalized.

DISCUSSION

A few cases of moyamoya syndrome associated with
thyrotoxicosis have been reported. Most hypotheses sug-
gest the involvement of hyperkinetic metabolism including
tachycardia, high pulse pressure, and decreased periph-
eral resistance secondary to vasorelaxation in moyamoya
syndrome. Cardiovascular hemodynamic changes and
increased atrial fibrillation are associated with cerebral
thromboembolism.>® Grave’s disease increases sympa-
thetic nervous system sensitivity which may induce patho-
logical changes of arterial walls.” T-cell dysregulation of
Grave’s disease is related to cellular proliferation and vas-
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cular dysregulation in moyamoya syndrome.’® In addition,
hyperhomocysteinemia due to Grave’s disease is associated
with premature atherosclerosis and moyamoya syndrome.®

However, it remains unclear why ischemic events occur
during thyrotoxicosis in vasodilated patients. Detailed de-
scription about the mechanism is insufficient. Recently, a
few case reports suggest that coronary artery spasm is the
mechanism of myocardial ischemia secondary to thyro-
toxicosis.”"" Among a total of 192 patients with coronary
angiogram, free T4 levels were associated with coronary
artery stenosis.'® The reason why patients with thyrotoxi-
cosis are more prone to develop vascular spasm is currently
unknown. However, that study suggests that, even within
normal range, a small increase of free T4 level could be as-
sociated with coronary artery disease.'

In addition, vascular responses are enhanced by the sen-
sitivity of endothelial components. Hyperthyroidism causes
significant basal vasodilation due to excessive production
of endothelial nitric oxide.”” In patients with moyamoya
syndrome, brain SPECT after injection of acetazolamide
which induces vasodilation could show intracerebral steal
phenomenon, indicating that the collateral vascular area
has already been expanded to its maximum extent.

This view might be applicable when taking CT angiog-
raphy with contrast agents in those who are likely to have
poor vascular reservoir in acute stroke patients. Excess
iodine intake can induce transient or permanent hyperthy-
roidism in susceptible patients. Hyperthyroidism can be
caused by quiescent nodules that become hyperfunctioning
when they are exposed to excess iodine. Risk factors for
hyperthyroidism include nontoxic diffuse or nodular goiter,

latent Graves’ disease, and long-standing iodine deficien-
13

Q.

In conclusion, the present case appears to show the as-
sociation of thyrotoxicosis with acute cerebral infarction
in moyamoya syndrome. This is supported by the absence
of other triggering factors and the improvement of neu-
rologic deficits after antithyroid drug therapy. Therefore,
physicians should consider thyroid function and Graves’
disease for acute ischemic stroke patients with moyamoya
syndrome.
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