
Chorea is uncommon clinical presentation in 
moyamoya disease (MMD); it can be present in 
3% to 6% of patients [1]. Although the mecha-
nism of development of chorea is unclear, isch-
emia of the basal ganglia, which could lead to 
post stroke abnormal movements is considered a 
dominant mechanism. A majority of chorea 
symptoms improve within 1 year of surgical re-
vascularization of the ischemic region. However, 
it is very rare that chorea develops after surgical 
revascularization. We report two adolescent cas-
es of new-onset hemichorea after diagnosis of 
MMD and bilateral bypass surgery. 

An 11-year-old boy (Patient A) had under-
gone bilateral bypass surgery for MMD. Four 
years after the bypass surgery, the patient was re-
ferred to our department for new-onset he-
michorea. Intermittent tremors began in the 
right arm and gradually worsened to become 
sporadic irregular, dance-like movements of he-
michorea, which resulted in twisting movements. 
One week later, the hemichorea progressed to in-
volve the right leg, which made walking difficult. 

A 16-year-old girl (Patient B) had undergone 
bilateral bypass surgery for MMD. Two years af-
ter the bypass surgery, she developed new trem-
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ors in the right hand. The tremors worsend to 
become invaluntary movement of right arm. 

We performed bilateral internal carotid artery 
angiography and perfusion magnetic resonance 
imaging (MRI) of the brain with gadolinium. At 
the first diagnosis, MRI of both patients revealed 
prominent network of collateral vessels in the 
basal ganglia as well as stenosis of the internal ca-
rotid artery. However, it was confirmed that 
there were no new lesions in the blood vessels 
and there was no reduction in brain diffusion 
and blood flow reserve compared with the previ-
ous findings (Figs. 1 and 2). We approached the 
cause of chorea not from the perspective of new 
brain vasculopathy but from that of the neuro-
transmission system. We considered the age vari-
ation of neuronal structure in the basal ganglia 
was the cause of chorea, which was not present 
at the time of diagnosis in children with MMD, 
occurs newly in adolescence. 

Neurons in the striatum in the basal nucleus 
exclusively regulate the activation and suppres-
sion of spontaneous behavior through direct and 
indirect pathways, respectively [2]. These path-
ways are regulated by the neurotransmitter dopa-
mine. The possible pathophysiological mecha-
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nism of chorea appears to be inactivity of the indirect pathways in 
the basal ganglia-thalamocortical motor circuits [3]. In the pres-
ence of striatal lesions, the inhibition to the lateral globus pallidus is 
weakened and the inhibition to the subthalamic nucleus is activat-
ed. Suppressed subthalamic nucleus results in less inhibition of the 
thalamus by the globus pallidus pars interna, thus, resulting in un-
wanted movements. This is the currently accepted hypothesis for 
basal ganglia dysfunction that causes chorea based on the excite-
ment of the thalamus against the cerebral cortex. 

In our patients, there was no chorea at the time of diagnosis of 
MMD; however, after bilateral bypass surgeries, there was new on-
set of chorea in adolescence. We believe that the cause was related 
to the changes in the pathways of the basal ganglia as the patients 
grew older. The nigrostriatal dopamine neurons and the compo-
nents of the basal ganglia demonstrate marked age-related varia-
tions in their functions and morphologies [4]. Striatal indirect 
pathways are functionally immature in the childhood and attain 

adult levels approximately around the middle of the second de-
cade. Therefore, even if there was a lesion in this area, if the struc-
ture of the lesion site was immature, the related symptoms would 
not appear initially. However, it is assumed that the associated 
symptoms appear when the lesion site matures with age. This is 
also consistent with the fact that the onset time of hemichorea in 
our patients was after the appearance of secondary sexual charac-
teristics. 

Cases of chorea are still difficult to manage because optimal ther-
apy has not been established. Prior studies have reported that anti-
convulsants including clonazepam, valproic acid, and carbamaze-
pine can successfully control myoclonic hyperkinesia in hunting-
ton’s disease and paroxysmal kinesigenic dyskinesia [5]. The 
mechanism of action of these agents in chorea is not well under-
stood. Inducing neuronal excitability appears to be involved with 
an imbalance of both dopaminergic and GABAergic neurotrans-
missions. Clonazepam has antidopaminergic effects that are medi-

Fig. 1. Images obtained in patient A after surgical revascularization. 
(A) Intertal carotid artery (ICA) angiography exposed the complete 
occlusion of right ICA, left anterior cerebral artery with basal 
collaterals. Good neovascularization was confirmed through 
indirect bypass surgery. (B) Brain perfusion magnetic resonance 
imaging showed no perfusion abnormality in brain parenchyma.
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Fig. 2. Comparison of internal carotid angiography before 
and after surgical revascularization obtained in patient B. (A) 
Extensive network of collateral vessels that course through 
the basal ganglia before the bypass surgery. (B) Significant 
improvement in basal collateral after surgery.
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ated predominantly by the central-type benzodiazepine receptors 
in the central nervous system via GABAergic mechanisms. The 
mechanism of action of valproic acid and carbamazepine is be-
lieved to be via increasing brain GABA levels either with sodium 
channel blockage or with GABA agonistic effects. So we decided 
to use anticonvulsants with antidopaminergic effect. 

Patient A was started on clonazepam 0.5 mg and valproic acid 
600 mg per day. A week after starting the medications, the patient 
demonstrated significant improvements in hemichorea; the fre-
quency had decreased from approximately 20 to 10 episodes per 
day and the intensity was much weaker. Seven months later, his 
symptoms completely disappeared and the drug was stopped. 

Patient B was started on clonazepam 0.5 mg and carbamazepine 
400 mg per day. On the 4th day of starting the treatment, the pa-
tient demonstrated significant improvements; the right-hand trem-
or did not occur even once during the day or occurred weakly once 
or twice when there were many. After 4 months, the symptoms 
completely disappeared and the clonazepam was stopped. Since 
then, she is currently under outpatient follow-up. 

In conclusion, our case report suggests that anticonvulsants with 
antidopaminergic effects can be considered as a treatment for 
new-onset chorea in patients who have undergone bilateral surgical 
revascularization in MMD. This study was approved by the Re-
search Ethics Committee of Inha University Hospital (approval 
number: 2020-04-006). Written informed consent by the patients 
was waived due to a retrospective nature of our study. 
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