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A case of acute ischemic stroke in moyamoya syndrome associated with Graves’ 
disease: Is there a role for anti-dsDNA antibodies?
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Moyamoya disease (MMD) is a disorder characterized 
by bilateral stenosis or occlusion of the terminal 
internal carotid artery (ICA) and proximal portion 

of the anterior and middle cerebral arteries and the formation 
of collaterals called moyamoya vessels to compensate for the 
steno-occlusion [1]. The term MMD is reserved for cases in 
which the intracranial vascular changes are primary and not 
associated with any known condition, while the term Moyamoya 
syndrome (MMS) is used for intracranial vascular changes that 
occur in association with other conditions, such as postcranial 
radiotherapy, neurofibromatosis Type 1, Down syndrome, and 
sickle cell anemia [1,2]. The diagnosis of both MMD and MMS 
is based on characteristic smoky appearance on angiography like 
a puff of smoke in the air [1,2].

Graves’ disease (GD) is an autoimmune disorder in which 
autoantibodies against the thyroid-stimulating hormone (TSH) 
receptor induce continuous stimulation of the thyroid gland without 
negative feedback, leading to hyperthyroidism. Conventionally, GD 
is characterized by hyperthyroidism, diffuse goiter, ophthalmopathy, 
and dermatopathy. Additional tests such as antibodies to 
thyroglobulin, thyroid peroxidase, and the TSH receptor provide 
evidence supporting GD rather than confirming the diagnosis [3,4].

MMS associated with GD is assumed to be rarely reported; 
however, this clinical entity has been described increasingly in 

scientific literature in the past few years [4-16]. In this report, we 
present a case of acute cerebral infarction in a patient with MMS, 
which appeared to be aggravated by thyrotoxicosis. We aimed to 
reveal the clinical features, pathogenesis, and treatment effects in 
MMS patients with concurrent GD.

CASE REPORT

A 41-year-old Filipino woman presented with sudden onset 
left-sided weakness and slurred speech, which she noticed 
after waking up. On further questioning, she admitted that she 
had experienced palpitations, tremors, profuse sweating, heat 
intolerance, and a weight loss of 17 kg in the past year. Her 
medical history was relevant for diabetes mellitus diagnosed 
4 years ago, for which she was on metformin 500 mg twice 
daily. On arrival to the emergency department, she was agitated 
and anxious but alert, conscious, and oriented to time, place, 
and person. Her pulse was 138 beat/min, blood pressure was 
174/104 mm Hg, and her temperature was 36.8°C. A general 
physical examination showed exophthalmos, lid lag, lid 
retraction, and a palpable thyroid goiter, which was soft and 
uniform in character. Neurological examination revealed left-
sided weakness with a power of 2/5 in the left lower limb and 
a power of 4/5 in the left upper limb. There was left-sided 
hyperreflexia, decreased sensation in the left side, and left-
sided facial droop.
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Initial laboratory test revealed marked thyrotoxic state 
(TSH of <0.01 mIU/L, Free T3 of 30.9 pmol/L, and Free T4 of 
98.5 pmol/L), and an urgent electrocardiogram showed sinus 
tachycardia. Initial head computed tomography (CT) scan 
without contrast (Fig. 1a) showed focal area of hypodensity seen 
in the right anterior frontal region, likely representing recent 
infarction along the right anterior carotid artery (ACA) territory. 
Head CT angiogram with contrast (Fig. 1b) showed multifocal 
stenosis affecting small and medium sized arteries. The patient 
was evaluated by the neurology team, who proposed a differential 
list including fibromuscular dysplasia, MMD, and central nervous 
system vasculitis. The patient subsequently underwent contrast-
enhanced magnetic resonance imaging (MRI) of the brain, 
which showed right high superior frontal gyrus parasagittal acute 
infarction as well as late acute infarctions of a tiny right anterior 
lower frontal cortical/subcortical white matter, right basal ganglia, 
right high posterior parietal parasagittal cortical area, and both 
right and left centrum semiovale. A further contrast-enhanced 
magnetic resonance angiography (MRA) of the brain showed left 
gangliocapsular small old infarct with gliotic changes. Head time-
of-flight MRA (Fig. 2) showed significant diffuse narrowing of 
the visualized left ICA, left M1 segment of middle cerebral artery 
(MCA), and proximal posterior branch of left M2. Focal area 
of severe stenosis was also seen at the M1 segment of the right 
MCA. Lumber puncture was performed and the cerebrospinal 
fluid study was unremarkable in regard to protein level, glucose 
level, and white blood cell level. Autoimmune work up showed 
positive anti-nuclear antibody (1:640), positive anti-dsDNA 
antibodies (27.00), positive  anti-thyroid peroxidase (169), and 
positive TSH receptor antibody. Positive antinuclear antibodies 
(ANA) and positive anti-dsDNA antibodies have been the subject 
of debate between the neurology and rheumatology teams. Finally, 
the rheumatology team ruled out systemic lupus erythematosus 
(SLE) as the case did not meet the criteria.

A conventional cerebral angiogram (Fig. 3) was highly 
suggestive of Moyamoya like disease with multiple vascular 
occlusions and numerous collaterals forming the “puff of smoke.” 
The patient was diagnosed with MMS secondary to GD, and she 
was started on carbimazole 20 mg twice daily, propranolol 40 mg 
twice daily, and intravenous hydrocortisone 100 mg 3 times daily. 
In addition, aspirin and statin were started. The neurosurgery 
team was consulted for possible extracranial-intracranial bypass 
surgery and after a discussion about the risks and benefits of the 
surgery with the patient, they decided to delay the surgery until 
thyroid function stabilizes. Hydrocortisone was discontinued 
after 3 days as the patient was vitally stable and the risk of thyroid 
storm was low, while the patient was maintained on aspirin, 
statin, carbimazole, and propranolol, and she was referred to a 
rehabilitation center for physical therapy.

At the rehabilitation center, the patient’s symptoms improved, 
and she partially regained the power in her left upper and lower 
extremities to perform most of her daily activities with minimal 
assistance. Follow-up thyroid function test showed TSH of 
<0.01 mIU/L, Free T3 of 4.3 pmol/L, and Free T4 of 19.7 pmol/L. 

The patient was scheduled for a follow-up with a neurosurgeon 
at 5 weeks to decide on extracranial-intracranial bypass surgery. 
However, she travelled to her country and did not show up.

DISCUSSION

MMS is a cerebrovascular disorder that occurs in association 
with other diseases, characterized by a slowly progressive 
steno-occlusive disease that first involves both distal ICAs 

Figure 2: Head time-of-flight magnetic resonance angiography 
shows significant diffuse narrowing of the visualized left internal 
carotid artery, left M1 segment of middle cerebral artery (MCA). 
Focal area of severe stenosis is also seen at the M1 segment of the 
right MCA. There is a double right posterior cerebral artery (PCA) 
and hypoplastic left vertebral artery

Figure 1: (a) Computed tomography (CT) head without contrast 
shows focal area of hypodensity in the right anterior frontal region 
likely representing recent infarction, along the right anterior carotid 
artery territory. (b) CT angiogram head with contrast shows 
severe smooth concentric attenuation of the left internal carotid 
artery (ICA) just distal to its origin with non-visualization of the 
supraclinoid segment and reconstitution of the left middle cerebral 
artery (MCA) through anterior communicating artery, and paucity 
of distal left MCA branches, mild concentric stenosis of almost entire 
left ICA is also noted just distal to the origin with tight stenosis at 
the supraclinoid and the terminal portion, hypoplastic and irregular 
left vertebral artery. Focal area of tight stenosis is seen at the origin 
of the right vertebral artery, focal area of severe stenosis seen at the 
M1 segment of the right MCA, hypoplastic left vertebral artery, 
terminated as left posterior inferior cerebellar artery, and double 
right posterior cerebral artery (PCA) with severe stenosis of the 
origin of fetal PCA
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and eventually progresses to involve both proximal ACAs and 
MCAs. Abnormal collateral vasculature develops in response to 
this process, mostly derived from the basal lenticulostriates and 
thalamoperforators [1,2,17].

MMD is now observed worldwide with a bimodal age of 
onset, with children presenting around age 5 and adults presenting 
around age 40 [2]. The clinical presentations include transient 
ischemic attack, ischemic stroke, hemorrhagic stroke, seizure, 
headache, and cognitive dysfunction. MMS associated with GD 
mostly occurs in adult female patients. Their clinical symptoms 
are mainly ischemic lesions and usually occur during the state 
of hyperthyroidism [4,5,7-11]. The predominance of the female 
sex probably reflects the epidemiology of GD. Similarly, our case 
was an adult female who presented with ischemic stroke during 
the state of hyperthyroidism.

Although there are many case reports and few 
studies [4-16,11,18,19] have mentioned the relationship 
between MMS and GD, it is not clear whether this relationship 
is coincidental or causal, since the pathoetiological link has not 
yet been elucidated and, therefore, the mechanism of MMS and 
its relation to GD will remain a matter of debate. Despite this, 
various mechanisms have been postulated, suggesting genetic 
and autoimmune factors as important players in the pathogenesis 
of MMS in association with GD [20-22].

Interestingly, our patient has shown positive tests for anti-
nuclear antibody and anti-dsDNA antibody, but did not meet the 
SLE criteria. ANAs have been frequently detected in patients with 
GD with uncertain clinical significance. Other autoantibodies 
associated with systemic autoimmune diseases such as anti-dsDNA 
antibodies and antibodies against the extractable nuclear antigens 
have been sporadically mentioned. In one study, anti-dsDNA 
antibodies were found in 82.0% of patients with GD compared 
to control [23]. It was found that anti-dsDNA antibodies increase 
the risk of cardiovascular disease in people with systemic lupus 
erythematosus by altering crucial biological processes, such as 
inflammation, the development of neutrophil extracellular traps, 
and apoptosis, which are responsible for a distinct and coordinated 
immune and vascular activation [24]. Similarly, we hypothesized 
that MMS in patients with GD is mediated through anti-dsDNA 
antibodies, by the same mechanisms. We reviewed the reported 
cases of MMS associated with GD in the literature; however, it 

is not clear how many cases showed circulating anti-dsDNA 
antibodies. Nevertheless, we believe that our case supports the role 
of autoimmunity in the pathogenesis of MMS in patients with GD.

MMS is a cerebrovascular disorder that predisposes 
affected patients to infarction whenever the collateral vessels 
fail to compensate for the cerebral blood flow deficit produced 
by the progressive stenotic lesion in the major cerebral 
arteries [7]. Cerebrovascular ischemic symptoms in MMS 
associated with GD are usually precipitated by activities associated 
with thyrotoxicosis [9]. It was hypothesized that the hyperthyroid 
state caused an increase in cerebral metabolic demand and 
altered cerebral perfusion [9,20]. As a result, it is likely that the 
hyperthyroid state caused by GD in this patient increased the 
cerebral metabolic demand to the point where compensation from 
the collateral supply was insufficient, resulting in ischemic stroke.

Once cerebral infarction or transient ischemic attacks develop 
in a patient with GD-related MMS, treatment with antithyroid 
therapy should be started immediately. Few reported cases 
of MMS with GD have shown symptomatic recovery with the 
improvement of arterial stenosis after antithyroid therapy [14]. 
Medical treatment with vasodilators, steroids, and antiplatelet 
agents has been tried with doubtful efficacy [9]. Cerebrovascular 
reconstruction surgery is an effective treatment for GD-related 
MMS. The keys to successful surgical treatment include 
timing the surgery during the euthyroid state and perioperative 
management, taking into account the thyroid function and the 
changes in cerebral hemodynamics [25].

Our patient presented with acute ischemic stroke and 
thyrotoxic state with a high Burch-Wartofsky score. Immediate 
initiation of carbimazole, propranolol, and hydrocortisone 
stabilized her condition with further improvement over the next 
2 weeks. Her muscle power on the left side improved and she 
was able to manage most of her daily activities with minimal 
assistance until she returned to her country.

CONCLUSION

This is the first reported case of GD-related MMS in Qatar that 
presented with acute ischemic stroke. We hypothesized that MMS 
in our patient was mediated through anti-dsDNA antibodies, 
by various mechanisms that ultimately drive a distinctive and 
coordinated immune and vascular activation. Our patient became 
symptomatic because of thyrotoxicosis, and her neurological 
symptoms stabilized and ameliorated after antithyroid therapy. 
Therefore, patients with thyrotoxicosis secondary to GD who 
present with acute focal neurological symptoms should be 
evaluated for possible MMS, with prompt attempts to control the 
thyrotoxic condition. Further investigations are warranted to better 
understand the underlying mechanism with a focus on the role of 
anti-dsDNA antibodies in the pathogenesis of GD-related MMS.
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