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Abstract
BACKGROUND
Hemichorea and other hyperkinetic movement disorders are uncommon presentations of stroke and are usually secondary to deep infarctions affecting the basal ganglia and thalamus. Therefore, temporal ischemic lesions causing hemichorea are rare. We report the cases of two patients with acute ischemic temporal lobe infarct strokes that presented as hemichorea.

CASE SUMMARY
Patient 1: An 82-year-old woman presented with a 1-mo history of involuntary movement of the left extremity, which was consistent with hemichorea. Her diffusion-weighted imaging (DWI) revealed an acute ischemic stroke that predominantly affected the right temporal cortex, and magnetic resonance angiography of the head showed significant stenosis of the right middle cerebral artery (MCA). Treatment with 2.5 mg of olanzapine per day was initiated. When she was discharged from the hospital, her symptoms appeared to have improved compared with those previously observed. Twenty-seven days after the first admission, she was readmitted due to acute ischemic stroke. Computed tomography perfusion showed marked hypoperfusion in the right MCA territory. An emergency transfemoral cerebral angiogram was performed and showed severe stenosis in the M1 segment of the right MCA. After percutaneous transluminal angioplasty was successfully performed, abnormal movements or other neurologic problems did not occur. Patient 2: A 76-year-old man was admitted to our hospital for a 7-d history of right-upper-sided involuntary movements. DWI showed an acute patchy ischemic stroke in the left temporal lobe without basal ganglia involvement. Subsequent diffusion tensor imaging confirmed fewer white matter fiber tracts on the left side than on the opposite side. Treatment with 2.5 mg of olanzapine per day improved his condition, and he was discharged.

CONCLUSION
When acute hemichorea suddenly appears, temporal cortical ischemic stroke should be considered a possible diagnosis. In addition, hemichorea may be a sign of impending cerebral infarction with MCA stenosis.
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Core Tip: Temporal ischemic lesions causing hemichorea are rare in stroke patients, likely delaying proper diagnosis and treatment. We present two cases in which a temporal lobe infarct caused hemichorea. Considering the well-established and time-dependent benefits of reperfusion therapies, we believe that acute onset of hemichorea likely leads to acute stroke. It should be noted that middle cerebral artery stenosis can present with persistent hemichorea, even in the absence of cerebral infarction. Thus, vascular imaging is essential for patients presenting with hemichorea.

INTRODUCTION
Hyperkinetic movement disorders are uncommon in acute stroke patients, with hemichorea being the most common type. Hemichorea is a subtype of chorea and movement disorder that is characterized by continuous, involuntary, and nonrhythmic movements affecting one side of the body[1]. Hemichorea is usually caused by a structural lesion in the contralateral basal ganglia or subthalamic nuclei and can develop as a complication of a neurologic condition, such as hyperglycemia. More recently, cortical ischemic lesions have been observed in locations that cause chorea in stroke patients. Herein, we present the cases of two patients who suffered acute hemichorea secondary to temporal cortical acute ischemic stroke, and we highlight the role of the cortex in acute hyperkinetic disorders. The condition is characterized by unilateral involuntary choreiform movements and confirmed temporal cerebral infarction. In this case, hemichorea completely disappeared after olanzapine treatment and revascularization.

CASE PRESENTATION
Chief complaints
Case 1: An 82-year-old woman with a 1-mo history of involuntary movement of the left extremity.

Case 2: A 76-year-old man presented with a 7-d history of right-upper-sided involuntary movements.

History of present illness
Case 1: The patient presented with a 1-mo history of involuntary movement of the left lower extremity. This involuntary movement of the left lower extremity did not occur during sleep. She had no limb weakness or numbness, aphasia, consciousness disorders, or other discomfort.

Case 2: The patient presented with a 7-d history of involuntary movements of the lips and right upper limb. When stressed, the abnormal movement worsened. The involuntary movement was persistent and unrelated to the patient’s posture. The abnormal movement completely disappeared only during deep sleep.

History of past illness
Case 1: The patient had hypertension (HTN) for 8 years. Her HTN was well controlled (mean systolic blood pressure 140 mmHg) with medication.

Case 2: The patient had no previous abnormalities.

Personal and family history
Case 1: The patient had no personal or family history of the disease.

Case 2: The patient had a history of smoking and drinking for 20 years.

Physical examination
Case 1: During neurological examination, the patient was noted to have involuntary, nonrhythmic, and uncontrollable movements of the left lower extremity.

Case 2: On neurological examination, moderately severe abnormal involuntary, nonrhythmic, and uncontrollable movement was evident in the lips and right upper limb, and there were no other signs of neurological impairment.

Laboratory examinations
Case 1: The patient’s laboratory tests revealed that her random blood glucose level was 13.4 mmol/L (normal range: 3.9-11.1 mmol/L) and her glycosylated hemoglobin was 7.1% (normal range: 4%-6%), however, the other test results were normal.

Case 2: The laboratory test results were normal.

Imaging examinations
Case 1: An emergency computed tomography (CT) scan of the head showed no high-density lesions. Diffusion-weighted imaging (DWI) revealed an acute ischemic stroke that predominantly affected the right temporal cortex and minimally affected the occipital cortex. The basal ganglia, thalamus, and subthalamic nucleus (STN) were entirely spared (Figure 1). Magnetic resonance angiography of the head showed significant stenosis of the right middle cerebral artery (MCA) and mild stenosis of the left MCA (Figure 1). Twenty-seven days after the first admission, the patient was readmitted due to acute ischemic stroke. CT perfusion (CTP) showed marked hypoperfusion in the right MCA territory (Figure 2). An emergency transfemoral cerebral angiogram was performed and showed severe stenosis in the M1 segment of the right MCA (Figure 2). Two days after the intervention, CTP showed improved perfusion in the right cerebral hemisphere (Figure 2).

Case 2: A brain CT scan revealed no early ischemic lesions or acute cerebral hemorrhage (Figure 3). There was no proximal occlusion on CT angiography, and CTP during the symptomatic phase showed no abnormalities, but normal perfusion was observed in the basal ganglia (Figure 3). Susceptibility weighted imaging (SWI) revealed low signal intensity in the left basal ganglia (Figure 3). DWI showed an acute patchy ischemic stroke in the left temporal lobe and that the basal ganglia was spared (Figure 3). Subsequent diffusion tensor imaging (DTI) confirmed fewer white matter fiber tracts on the left side than on the opposite side (Figures 3F-H).

FINAL DIAGNOSIS
Case 1
Temporal ischemic stroke; hemichorea; severe stenosis of the right MCA.

Case 2
Temporal ischemic stroke; hemichorea.

TREATMENT
Case 1
During the first hospitalization, although the patient’s blood sugar was controlled to a normal level, her symptoms did not significantly improve. Then, 2.5 mg of olanzapine was administered per day. When she was discharged from the hospital, her symptoms appeared to have improved compared with those previously observed. During the second hospitalization, percutaneous transluminal angioplasty was successfully performed and thus resulted in minimal residual stenosis. Abnormal movements or other neurologic problems did not occur.

Case 2
Treatment with 2.5 mg of olanzapine per day improved the patient’s condition, and he was discharged.

OUTCOME AND FOLLOW-UP
Case 1
Postoperative patients recovered well, and no hemichorea was observed after discharge.

Case 2
After 2 wk, the patient presented for an outpatient follow-up assessment at the neurology clinic without any neurologic sequelae.

DISCUSSION
Hemichorea is a hyperkinetic movement disorder characterized by irregular, purposeless, involuntary movements that manifest on one side of the extremities[1]. Hemiballism is a form of flinging high-amplitude and coarse hemichorea. We used the term “hemichorea-hemiballism syndrome” because hemichorea and hemiballism originate from the same anatomical location in the brain; moreover, they have a similar pathophysiology and are treated with the same medications[2]. Neuroimaging studies have demonstrated that hemichorea is most commonly associated with the STN, caudate, and putamen[3]. Vascular lesions of the basal ganglia and regions connected to the posterolateral putamen are the most common causes[4]. However, hemichorea has been described in relation to inflammatory, infectious, and neoplastic lesions. Autoimmune, genetic, and metabolic disorders (such as nonketotic hyperglycemia) are also well-known etiologies[5]. In general, the diagnostic workup includes a detailed family and drug history, a general and neurological examination, specific blood tests, molecular genetic testing, and neuroimaging. Most affected individuals are Asian women in their 70s, suggesting the possibility of genetic predisposition. Previous studies indicated that abnormal movements, such as chorea or ballism, in patients with ischemic stroke that specifically impacts the cerebral cortex rather than the basal ganglia[6-10]. Herein, we report two cases of hemichorea secondary to temporal cortical ischemic stroke [as confirmed by perfusion CT scans and DWI-magnetic resonance imaging (MRI)], with no other laboratory or imaging abnormalities indicating alternative causes.
Hemichorea after an ischemic infarct in the temporal lobe is very rare[7]. The pathophysiology underlying the onset of movement disorders after temporal lobe injury is not well known. Several possible pathophysiological mechanisms of movement disorders associated with temporal lobe injury have been suggested. One of these mechanisms may involve hypoperfusion of the basal ganglia. In patient 1, a possible cause of hemichorea may have involved ischemia in the regions connected to the putamen, as this region is supplied by the penetrating branches of the MCA; moreover, ischemic changes were not visible on brain MRI. In previous reports, MCA stenosis was shown to present with hemichorea[11-13]. In this situation, hemichorea was attributed to dysfunctioning neuronal connections between the basal ganglia and the frontal cortical motor regions. Within these networks, the striatal direct and indirect pathways regulate the function of the globus pallidus (GPi) internus, which controls motor facilitation and inhibition. Thus, in the circuit between the basal ganglia and cortical motor regions, the direct pathway offers positive feedback, whereas the indirect pathway provides negative feedback[14]. Our patient developed cerebral infarction only in the right temporal lobe, and CTP analysis after her stroke revealed hypoperfusion of the right MCA territory. In this case, we did not evaluate cerebral blood flow during hemichorea before the patient started cerebral infarction. However, it is hypothesized that the hemichorea was likely due to mild hypoperfusion in the basal ganglia, which did not progress to cerebral infarction. This hypoperfusion may have led to a greater reduction in the activation of the striatal indirect pathway compared to the striatal direct pathway, resulting in increased thalamocortical motor facilitation. Perfusion in the MCA area improved after percutaneous transluminal angioplasty, and the symptoms of hemichorea were significantly relieved. Surgical revascularization may be an effective treatment option. There was complete resolution of hemichorea after revascularization, thus indicating that hemichorea was caused by hypoperfusion. Transient dyskinesias or “limb shaking” spells have been described as symptoms of transient ischemic attacks. In the case described, the persistent hemichorea observed in MCA stenosis is similar to the limb shaking seen in transient ischemic attacks associated with carotid artery stenosis, and they occurred before the cerebral infarction. Vascular imaging (carotid duplex ultrasonography, MR or CT angiography) is essential for patients presenting with hemichorea, regardless of the presence or absence of symptoms, signs, or imaging evidence of cerebrovascular ischemia. Although the blood glucose level was high at admission, CT imaging revealed no abnormalities in the contralateral putamen, GPi, or caudate nucleus. MRI reveals no high signal intensity in the basal ganglia on T1-weighted images[2]. Typically, abnormal movements disappear or markedly diminish once the glucose level is reduced to the normal range. In rare cases, abnormal movements may persist for a certain period of time[15]. For patient 1, a combination of clinical history and neuroimaging excluded hemichorea caused by nonketotic hyperglycemia.
Another hypothetical mechanism, similar to temporal lobe infarct chorea, may be explained by changes in central nervous system plasticity after injury and the reestablishment of functional synapses. There is some brain plasticity present within the basal ganglia anatomical networks, partly as a result of parallel processing and compensatory mechanisms that provide certain resilience and protection against clinically obvious loss of motor control. Following brain injury, dendritic plasticity and alterations in synaptic activity can cause changes in neuronal circuitry. In patient 2, we considered the low signal intensity in the left basal ganglia above the SWI to indicate subacute hemorrhage because no hyperdensity was observed on the brain CT scan. In fact, abnormal involuntary movement onset occurred suddenly on the day of stroke in most patients, and chorea appeared earlier (mean of 4.3 d poststroke), whereas parkinsonism appeared much later (mean of 117.5 d post stroke). As a result, hemichorea cannot be directly caused by subacute hemorrhage. In patient 2, we observed indications of mild cortical hypoperfusion, with the basal ganglia being spared during the symptomatic phase. Therefore, we have evidence of a fundamental contribution of the cortex.
Another mechanism that is not often mentioned involves changes in neuronal firing patterns. Hemichorea can be viewed as a circuit disorder that is not confined to localized structural and/or functional abnormalities of the basal ganglia[16]. Interactions between neurons are far more complicated because they affect each other not only by affecting overall firing rates but also by changing firing patterns. Previous studies have shown that hemichorea patients exhibit aberrant phasic bursting patterns in the interior GPi. A burst pattern caused by the GPi may result in alternative inhibition and disinhibition of the motor cortex and thalamus, thus resulting in ballism or chorea. Because it is apparent that the basal ganglia nuclei are not the only structures that can alter the firing pattern of the GPi, this may explain why temporal lobe injuries can produce hemichorea. As previously reported, patients with cortical infarcts have better outcomes than patients with STN infarcts. Two patients recovered well during the hospital stay.
Several clinical issues warrant further discussion in our cases. First, hemichorea should be distinguished from pseudoathetosis, which is characterized by a loss of proprioception and is a condition caused by thalamic infarction[17]. Thalamus infarction was not mentioned in these two patients; however, we still present this as a hypothetical possibility. Previously reported cases were treated with antiplatelet therapy or surgical reconstruction, and hemichorea improved[12]. In patient 1, when considering the use of olanzapine, further studies are needed to determine whether vascular reconstruction can relieve involuntary movement. Furthermore, there is no specific site or arterial territory for any given dyskinesia, and lesions in different motor pathways can cause the same movement disorder. The independent role of these proteins is difficult to determine, and further studies are needed to clarify the cause of this difference. As a noninvasive brain fiber tract imaging technique, DTI has been reported to be a promising biomarker for parkinsonian syndromes[18]. In the future, these problems may be further explained in this manner. Finally, it was unable to conduct brain single photon emission CT or positron emission tomography imaging at the beginning of the hemichorea in our patient. These images could have potentially offered valuable insights into the pathogenesis of hemichorea in this case.

CONCLUSION
Our case highlights the idea that ischemic stroke involving the temporal lobe can result in hemichorea. However, acute stroke rarely manifests with hemichorea, which delays proper diagnosis and prompt treatment. Considering the well-established and time-dependent benefits of reperfusion therapies, we believe that acute onset of hemichorea likely leads to acute stroke. It should be noted that MCA stenosis can present with persistent hemichorea, even in the absence of cerebral infarction. Thus, vascular imaging is essential for patients presenting with hemichorea. Nevertheless, when considering the significance of basal ganglia dysfunction producing involuntary movements, basal ganglionic hypoperfusion still needs to be highlighted. These cases support the theory of a relevant role of the temporal cortex in the origin of abnormal hyperkinetic movements and a possible functional connection with the basal ganglia.
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Figure Legends
[image: ]
Figure 1 Neuroimaging of Patient 1's first hospitalization. A-C: Diffusion-weighted imaging showing restricted diffusion in the right temporal lobe, and the basal ganglia, thalamus, and subthalamic nucleus were entirely spared; D: Magnetic resonance angiography of the head showed significant stenosis of the right middle cerebral artery (MCA) and mild stenosis of the left MCA.
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Figure 2 Neuroimaging of patient 1’s second hospitalization. A: Computed tomography perfusion (CTP) showed marked hypoperfusion in the right middle cerebral artery (MCA) territory; B: Cerebral angiography revealed severe stenosis in the M1 segment of the right MCA; C: After successful stenting, CTP showed improved perfusion in the right cerebral hemisphere.
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Figure 3 Neuroimaging of patient 2. A: Computed tomography of the head showed no hyperdensity; B: Computed tomography perfusion showed no abnormalities, with normal perfusion of the basal ganglia; C: Susceptibility weighted imaging showed low signal intensity in the left basal ganglia; D and E: Diffusion-weighted imaging showed an acute patchy ischemic stroke in the left temporal lobe and that the basal ganglia was spared; F-H: Diffusion tensor imaging confirmed fewer white matter fiber tracts on the left side than on the opposite side.
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