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Abstract
BACKGROUND
Hemichorea usually results from vascular lesions of the basal ganglia. Most often, the lesion is contralateral to the affected limb but rarely, it may be ipsilateral. The pathophysiology of ipsilateral hemichorea is still poorly understood. We review the literature on hemichorea due to ipsilateral cerebral infarction and explore possible mechanisms for its occurrence.

CASE SUMMARY
A 72-year-old woman presented with complaints of involuntary movements of the muscles of the left side of the face and mild weakness of the right limbs. Her symptoms had started suddenly 1 d earlier. After admission to the hospital, the involuntary movements spread to involve the left limbs also. Magnetic resonance imaging revealed a left thalamic infarction. The patient’s hemichorea subsided after treatment with haloperidol (2 mg per time, 3 times/d) for 3 d; the hemiparesis resolved with rehabilitation physiotherapy. She is presently symptom free and on treatment for prevention of secondary stroke. We review the literature on the occurrence of ipsilateral hemichorea following thalamic infarction and discuss the possible pathomechanisms of this unusual presentation.

CONCLUSION
Ipsilateral hemichorea following a thalamic stroke is rare but it can be explained by structure of the extrapyramidal system. The thalamus is a relay station that exerts a bilateral control of motor function.
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Core Tip: Acute hemichorea is usually caused by lacunar infarcts in the contralateral basal ganglia. We present a case of hemichorea due to ipsilateral thalamic infarction. A 72-year-old woman was admitted to our hospital with unilateral hemichorea and contralateral hemiparesis. Magnetic resonance imaging revealed a left thalamic infarction. The hemiparesis improved with rehabilitation physiotherapy, and the hemichorea subsided following treatment with haloperidol. The mechanism of ipsilateral hemichorea is poorly understood, but it could be because some fibers of the extrapyramidal system continue their ipsilateral course, passing through the thalamus, which is a relay station exerting control over motor function of both sides.

INTRODUCTION
Acute hemichorea most often results from focal vascular insult (ischemic or hemorrhagic) to the contralateral basal ganglia or subthalamic nucleus[1]. We searched Web of Science, Scopus, Embase, and PubMed by using word of “hemichorea, infarction" (limits: full text available, clinical trials, humans, English). Only six cases of hemichorea have been described with ipsilateral cerebral infarction[2-6]. We report an unusual case of hemichorea due to ipsilateral thalamic infarction and discuss the possible mechanisms.

CASE PRESENTATION
Chief complaints
A 72-year-old right-handed Chinese woman was admitted to our hospital 1 d after she suddenly developed mild right hemiparesis and involuntary movements of the muscles on the left side of her face. There was winking and grimacing of the left side of her face.

History of present illness
One day prior to admission, the patient had left-limb weakness abruptly when she was walking, but she was able to carry out actions with her hands and walk normally. She denied headache, nausea, or vomiting. Loss of consciousness was not found during the course. About 10 min later, winking and grimacing of the left side of her face appeared. One day after admission, she developed involuntary irregular movements of her left limbs (Video). The involuntary movements affecting the face and distal parts of the left limbs were non-rhythmic. The involuntary movements were most noticeable when she was at rest. The movements involve the fingers, wrist, forearm and toes, ankle, and leg. The limb movements like twisting. They were aggravated by emotional stress, and disappeared completely when she was asleep.

History of past illness
The patient had a history of hypertension for 10 years, which was well controlled with amlodipine 5 mg/d. She had no history of any medication or infection prior to onset of symptoms. She had no previous history of chorea or other involuntary movements.

Personal and family history
The patient denied a past history of drug or alcohol abuse, smoking, or promiscuous sexual behavior. There was no family history of stroke, epilepsy, or other neurologic diseases.

Physical examination
After arriving at our emergency department, the patient's Glasgow Coma Scale score was 15. Neurological examination confirmed involuntary, irregular movements of the left face and limbs consistent with right hemichorea. There was no cranial nerve involvement. Sensation was normal. Muscular tone and deep tendon reflexes were normal, but there was a subtle right limb weakness. The right upper and lower limb muscle strength was level 5. No other positive neurologic signs were found.

Laboratory examinations
Blood cell counts; serum glucose and calcium levels; liver, renal, and thyroid function tests; tumor markers; serology for human immunodeficiency virus and Treponema pallidum; and arterial blood gas analysis were all normal.

Imaging examinations
Magnetic resonance imaging (MRI) showed an acute infarction in the left dorsal thalamus and left cerebral peduncle zone (Figure 1A-C), together with signs of chronic ischemic microangiopathy in the periventricular areas. Magnetic resonance angiography showed severe stenosis of the P1 segment of the left posterior cerebral artery (Figure 1D). Carotid duplex sonography showed bilateral nonstenotic carotid atheroma. The 24-h ambulatory electroencephalogram was normal.

FINAL DIAGNOSIS
Hemichorea due to ipsilateral acute thalamic infarction.

TREATMENT
The hemichorea subsided after treatment with haloperidol (2 mg per time, 3 times/d) for 3 d. The hemiparesis gradually improved with rehabilitation physiotherapy for 1 mo. The patient was put on aspirin (100 mg/d) for secondary prevention of ischemic stroke.

OUTCOME AND FOLLOW-UP
At the follow-up 3 mo from the onset of symptoms, the patient was symptom free (without haloperidol medication). The weakness of her right limbs had disappeared.

DISCUSSION
In this study, we describe the case of a 72-year-old woman with left thalamic and left cerebral peduncle infarction combined with left hemichorea and mild right hemiparesis. Cranial MRI showed an acute infarction in the left dorsal thalamus and left cerebral peduncle zone. The left thalamic infarction of the patient resulted in weakness of the right limb and hemichorea of the left limb. The symptoms of the patient were not thought to have resulted from infarction of the left cerebral peduncle. The lesion of the cerebral peduncle may result in oculomotor nerve palsy and right limb ataxia, but this patient did not have this symptom.
The most common movement disorders caused by basal ganglia infarction are chorea and ballism. Chorea is characterized by irregular, sudden, and brief contractions of the whole body, but most often presents in the distal parts of the body. Ballism is considered a very severe form of chorea which mainly involves the proximal limbs[7]. Unlike dystonia, which is not associated with stroke, approximately 80% of cases of chorea develop immediately after a stroke[8]. There is evidence of the significant association between movement disorders following a stroke and plaques in the basal ganglia and the thalamus (44% and 37%)[9]. It is three times greater to develop a movement disorder after a deep nuclei infarction (such as of the basal ganglia and thalamus) than after a cortical infarction[10]. Krauss et al[11] reported two patients with basal ganglia lesions who developed ipsilateral hyperkinetic movement disorders and contralateral hemiparesis. One study, using cerebral single photon emission computed tomography with technetium-99m ethyl cysteinate dimer, demonstrated that hypoperfusion of the subthalamic nucleus and globus pallidus internus (GPi) is associated with the development of chorea after stroke[12].
The pathophysiology of hemichorea is related to direct and indirect pathways in the basal ganglia. The cortico-striato-pallido-thalamico-cortical loop is the primary circuit of the basal ganglia. The thalamus is disinhibited by lesions in the direct pathway, which promotes movements. Damages in the external GPi and thalamus constitute the indirect pathway, which inhibit movements. Changes in contralateral subthalamic nucleus are responsible for the occurrence of hemichorea. Usually, the subthalamic nucleus could stimulate the GPi and substantia nigra. The outflow of the GPi to the thalamus has an inhibitory effect, while the activity of the thalamus is inhibited by the motor cortex, leading to normal controlled movements. Abnormal choreic movements are caused by damage to the thalamus in hemichorea[3]. Infarction in the thalamus has been shown to change several neurotransmitter systems. Under normal circumstances, γ-aminobutyric acid (GABA) and dopamine are in a state of balance. The declined concentrations of the inhibitory neurotransmitter, GABA, may be related to hypoxic-ischemic necrosis of thalamic neurons. On the contrary, the relative upregulation of the dopamine after hypoxia-ischaemia leads to contralateral limb hyperkinetic movement disorders.
Mechanisms underlying ipsilateral hemiparesis after stroke, including non-decussation of corticospinal tracts or inhibitory impulses of ipsilateral basal ganglia to the motor cortex of the opposite side through the corpus callosum, suggested that potential differences among individuals in neural pathways may be relevant. Diffusion tensor imaging showed no decussation of pyramidal tracts in the caudal medulla in a previous case[13]. However, our patient developed contralateral hemiplegia, ruling out this rare possibility. The evidence that unilateral functional neurosurgery in patients with Parkinson’s disease can bilaterally improve motor function supports the fact that the basal ganglia have bilateral effects on motor function[14].
Contralateral hemiparesis may be a conditioning factor for the occurrence of hemichorea ipsilateral to cerebral lesions. Among previously reported patients with hyperkinesia ipsilateral to cerebral lesions, the majority had contralateral hemiparesis. It is theoretically possible that the patients might have had bilateral chorea if they had not had concomitant hemiparesis. However, it is also possible that the motor deficit contralateral to the thalamic lesion triggers the ipsilateral hyperkinesia. It remains unclear how such activity is mediated. Commissural connections between subthalamic nuclei have been described, but their functional relevance in humans is unclear[15]. Meanwhile, the pedunculopontine nucleus is connected to both subthalamic nuclei[16,17]. The possibility that the thalamus and subthalamic nuclei exert bilateral control of motor function may explain this. Improvement of involuntary movements on both sides in Parkinson’s disease patients receiving unilateral stereotaxic neurosurgery supports this explanation.
Hemichorea ipsilateral to thalamic lesions could also be mediated at a higher subcortical level. Fibers from the subthalamic nucleus pass through the GPi to the pre-supplementary motor area, Brodmann 24 area, and the dorsolateral prefrontal cortex through thalamic relay nuclei. Effective subthalamic nucleus stimulation has been shown to result in increased activation of the contralateral dorsolateral prefrontal cortex[18].
In a previous study, 18F-fluorodeoxyglucose-positron emission tomography performed 1 wk after onset of hemichorea due to ipsilateral subthalamic nucleus infarction revealed hypometabolism in the ipsilateral hemispheric cortex and the caudate nucleus and putamen, probably owing to the nerve conduction block between the subthalamic nucleus and basal ganglia system and the cortex of the ipsilateral side, respectively[19]. The anatomic pathways related to this bilateral control are not known.
[bookmark: _Hlk54004097]Yang et al[20] reported ipsilateral hemichorea and hemiballism in three patients with acute cerebrovascular disease. Cranial computed tomography showed deviation of the midline structures to one side in two patients, with signs of cerebellar herniation in one of the two patients. The authors postulated that brain edema or a space-occupying lesion could produce ipsilateral involuntary movement by compressing and stimulating the relevant structures on the opposite side.
Our patient had no intracranial edema or space-occupying lesion. We believe that the explanation of the ipsilateral hemichorea lies in the structure of the extrapyramidal system. The extrapyramidal system is a group of nuclei and related tracts whose main role is to facilitate and coordinate motor signals. In the pyramidal decussation, 70%-90% of the pyramidal tracts cross to the contralateral side to form the lateral pyramidal tract. The remaining 10%-20% continue descending on the same side, forming the anterior pyramidal tract. Similarly, some descending fibers of the extrapyramidal system continue their ipsilateral course. The extrapyramidal system is parallel to the pyramidal tracts, from the cerebral cortex to the spinal cord. With the bilateral connections of the central tegmental tract decussating in the pons and the thalamus acting as a relay station, the adjustments of postural muscles on both sides can be affected by each cerebral hemisphere[21] (Figure 2). Bilateral Brodmann area 6 directly controls the extrapyramidal effects of both sides through a tract that decussates in the pons[22]. Riddle et al[23] found in an animal model that the frequency and strength of excitatory reticulomotoneuronal connections in hand motoneuron groups are similar with those in forearm or upper arm motoneuron groups. The main subcortical component of the circuits connecting the cerebral cortex and thalamus is located at the basal ganglia. Efferent impulse from the basal ganglia passes through the ventral anterior nucleus of the thalamus to reach the cerebral cortex, helping to mediate the preparatory stage of movements. Basal ganglia nuclei receive afferent nerve impulse from the cerebral cortex and send the transmission, via the thalamus, to the cerebellum and spinal cord. The direct and indirect pathways provide positive and negative feedbacks, respectively, in the circuit between the basal ganglia and thalamus. Previous neuroimaging studies have shown that the most common lesions associated with hemichorea are located in the subthalamic nucleus, putamen, and caudate nucleus[24]. In an animal model, chorea developed due to the inactivation of the subthalamic nucleus and reduced output of the basal ganglia[25].
It is acknowledged that chorea and ballism have a similar pathophysiology[26]. Clarification of the role of extrapyramidal system networks may have important clinical implications.

CONCLUSION
We report a patient with unilateral hemichorea and contralateral hemiparesis associated with ipsilateral thalamic lesion. We believe that this unusual phenomenon might be mediated by the descending fibers of the ipsilateral extrapyramidal system. Contralateral hemiparesis may be a conditioning factor for the occurrence of hemichorea ipsilateral to cerebral lesions. It is also possible that the motor deficit contralateral to the thalamic lesion triggers the ipsilateral hyperkinesia.
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Figure 1 Magnetic resonance imaging and magnetic resonance angiography of the brain. A-C: Diffusion-weighted imaging showing cerebral infarction (orange arrows). A: Infarction in the left cerebral peduncle zone; B: Infarction in the junctional region of the left dorsal thalamus and cerebral peduncle; C: Infarction in the left dorsal thalamus; D: Magnetic resonance angiography showing severe stenosis of the P1 segment of the left posterior cerebral artery (orange arrow).
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Figure 2 Extrapyramidal system. The descending fibers of the extrapyramidal system continue their ipsilateral course; the thalamus is a relay station, exerting control over bilateral motor function.
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