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Abstract
BACKGROUND
A growing body of literature indicates that the occurrence of thalamic lesions could lead to various dysfunctions, such as somatosensory disturbances, hemiparesis, language deficits, and movement disorders. However, clinical cases describing the coexistence of these types of manifestations have not been reported. Herein, we report a patient who exhibited these rare complications secondary to thalamic hemorrhage. 

CASE SUMMARY
A 53-year-old right-handed man experienced sudden left hemiparesis, numbness of the left side of body, and language alterations due to an acute hemorrhage located in the right basal ganglia and thalamus 18 mo ago. Approximately 17 mo after the onset of stroke, he exhibited rare complications including dysphasia, kinetic tremor confined to the left calf, and mirror movement of the left arm which are unique and interesting, and a follow-up computed tomography scan revealed an old hemorrhagic lesion in the right thalamus and posterior limb of the internal capsule. 

CONCLUSION
Hypophonia may be a recognizable clinical sign of thalamus lesions; thalamus injury could cause tremor confined to the lower extremity and mimicking extremity movements. 
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Core Tip: Clinical cases describing the coexistence of multiple manifestations secondary to thalamic damage have not been reported. We report a patient who exhibited rare complications secondary to thalamic hemorrhage. Especially, the manifestations including dysphasia, kinetic tremor confined to the left calf, and mirror movement of the left arm are unique and interesting. This case provides new insights into thalamus damage. Hypophonia may be a recognizable clinical sign of thalamus lesions, which could help with lesion localization; thalamus injury could cause tremor confined to the lower extremity and mimicking extremity movements.


INTRODUCTION
Anatomically, the thalamus, which lies between the forebrain and midbrain, is divided into anterior, medial, and lateral parts, and composed of various nuclei[1,2]. Due to its complex anatomical structure and connections, the thalamus serves as a pivotal relay center for the brain, subserving both sensory and motor mechanisms[3]. In recent years, thalamic stroke has increased in incidence worldwide[4] and commonly results in somatosensory dysfunction[5], hemiparesis[6], language deficits[7], and movement disorders[1]. However, the coexistence of these manifestations has been rarely reported. Especially, the case with combinations of the manifestations, including dysphasia, kinetic tremor confined to the left calf, and mirror movement of the left arm, has not been previously published. We present herein the first case of these rare complications secondary to a right thalamic hemorrhage and discuss the possible underlying neuroanatomical mechanisms after briefly reviewing the literature. 

CASE PRESENTATION
Chief complaints
A 53-year-old right-handed male patient was referred to the rehabilitation department because of an 18-mo history of left limb weakness, left lateral paresthesia, and language alterations.

History of present illness
The man experienced sudden left hemiparesis, numbness of the left side of body, and language alterations 18 mo ago. He perceived a strong, uncomfortable feeling of “tugging” in his left shoulder and arm, which was aggravated with activity. The patient presented with a dysarthria characterized by hoarse voice and hypophonia, which was quite unlike his usual voice. He was unable to increase the volume of his voice when speaking. Approximately one year after the onset of the stroke, abnormal involuntary movements of the left arm and hand began to occur (Video 1). The patient was unable to extend and flex his left thumb and fingers in a coordinated manner, which prevented him from performing many basic functions, including eating, dressing, and bathing, as well as manipulating small objects. Additionally, while the patient was able to walk with minimal assistance, he experienced bradykinesia along with involuntary flexion of the toes, which was painful when walking (Figure 1, Video 2). 

History of past illness
The patient had a free previous medical history.

Personal and family history
The patient denied any family history of hypertension, diabetes, coronary heart disease, stroke, movement disorder diseases, or other neurologic illnesses. 

Physical examination
The patient had partially recovered muscle strength (manual muscle testing score: 3/5 for the left arm and 4/5 for the left leg). Muscle tone in both affected limbs was slightly increased (the Modified Ashworth Scale scores were 1/5 for both the left arm and left leg). The patient’s tactile sensory perception, including sensations of pinpricks and light touch, as well as proprioceptive deficits, was pronounced, but no hyperesthesia or allodynia was present. Slight hyperreflexia in both left limbs also was present. The Babinski sign in the left foot was negative. When actively extending and flexing the left thumb and fingers, a peculiar abnormal posture of the hand, known as a “thalamic hand”, appeared, such that the patient was unable to perform the coordinated movements necessary for the rapid thumb-finger grasp (Video 3, Video 4). Additional coordination testing revealed that the patient could not complete the finger-to-nose test with the left arm due to the presence of abnormal involuntary movements (Video 1). The patient’s heel-knee-tibia test was positive for the left leg but negative for the right leg (Video 5). Interestingly, when the patient tried to take a few steps, a slow (3 Hz), regular tremor appeared in his left calf, and his left arm gradually elevated spontaneously (Video 2, Video 6). The tremor did not occur when the left leg was stationary, and the patient could stop elevation of the left arm when instructed not to lift his left arm. 
Neuropsychological investigations revealed no impairment of superior cognitive function, with the Mini-Mental State Examination score and Montreal Cognitive Assessment score were both 30 points, but the patient presented severe dysarthria characterized by hoarse voice and hypophonia. He did not experience any hemispatial neglect or visual neglect.

Laboratory examinations
No abnormalities were found in the patient’s laboratory examinations. 

Imaging examinations
An urgent brain computed tomography (CT) scan revealed an acute hemorrhage lesion located in the right basal ganglia (Figure 2A); a follow-up CT scan performed 17 mo after the onset of the stroke demonstrated an old hemorrhage lesion involving the right thalamus and posterior limb of the internal capsule (Figure 2B).

FINAL DIAGNOSIS
Left hemiplegia, movement disorders, dysphasia, and hemorrhages in chronic phase.

TREATMENT
The patient was treated with a number of drugs, including baclofen, gabapentin, and oxcarbazepine, and received nearly 6 mo of consistent rehabilitation treatment including physical therapy and occupational therapy.

OUTCOME AND FOLLOW-UP
The motor function in the patient’s left arm and leg improved substantially, and dysphasia relieved slightly. However, his response to these pharmaceutical treatments was unsatisfactory and left lateral paresthesia progressively worsened.

DISCUSSION
In our case, the manifestations, including dysphasia, kinetic tremor confined to the left calf, and mirror movement of the left arm, are unique and interesting. Thus, exploring the underlying neuroanatomical mechanisms correlated with these specific clinical findings is of interest. After briefly reviewing the literature, we speculate that the thalamus serves as a pivotal relay center for multiple regions of the brain and thalamic lesions lead to disruptions of the connections between thalamus and other brain structures, including the cortex, midbrain, cerebellum, and extrapyramidal system, which could be an explanation for the coexistence of these manifestations. 
Several reports[8,9] have described that thalamic lesions could result in dysphasia, dysarthria, and hypophonia. It seems that the occurrence of these language deficits in patients with thalamic stroke is mainly due to lesions located in the anterior and lateral thalamus. Blacker et al[10] described two subjects with a dominant anterolateral thalamic stroke, both of whom presented with marked hypophonia as part of syndromes. They suggested that the anterolateral thalamic lesion that disrupted extrapyramidal pathways might be a major factor in producing dysphonia and that the predominantly anterior and possibly lateral thalamic lesions were responsible for hypophonia. Recently, Rodríguez-López et al[7] presented a case report of hypophonia secondary to a left thalamic hemorrhage. They speculated that a thalamo-striato-cortical loop might play an important role in controlling voice modulation, and disruptions of this loop precisely at the anterior and ventral thalamus level would result in hypophonia. While the specific role of thalamic nuclei in voice modulation is still unclear, it has been proposed that, as an extrapyramidal sign, hypophonia could be explained by the loss of input from the basal ganglia and substantia nigra to the ventral anterior and the ventral lateral nuclei[7]. Our patient presented dysphasia (a hoarse voice and hypophonia) secondary to a hemorrhage lesion involving the lateral thalamus. Perhaps, disruptions of the thalamo-striato-cortical loop at the anterior and ventral thalamus level could explain the observed speech deficits. It is worth noting that hypophonia has been mainly reported after dominant thalamus lesions[7,10] while our patient suffered right thalamic hemorrhage. In a study of right-handed Parkinson’s patients, Liotti et al[11] observed activation of the right anterior insula, caudate head, putamen, and dorsolateral prefrontal cortex after successful treatment of hypophonia. This result suggest that the right thalamo-striato-cortical loop might mediate the voice modulation, and disruptions of this loop would lead to hypophonia[7]. The precise mechanisms should be illustrated in further study. 
Tremor is mainly induced by lesions affecting the basal ganglia and anterior, intermediate, and posterior thalamic nuclei[12-14]. Thalamic tremors primarily appear in the upper extremities, as thalamic tremors that are limited to the lower extremities are rarely reported. Baysal et al[15] described a 54-year-old woman who developed a tremor that primarily involved her left lower extremity approximately 2 wk after an infarction that affected the midbrain, cerebellum, and thalamus. Recently, Jung et al[16] reported a case with tremor that was limited to the left lower limb and developed 2 mo after the occurrence of a contralateral, posterolateral thalamic hemorrhage. The pathophysiological mechanisms of this clinical phenomenon are not yet understood. In 1998, a consensus statement suggested that the dopaminergic nigrostriatal and the cerebello-thalamic systems each play an important role in the occurrence of resting and action tremor[17]. Jung et al[16] hypothesized that disruption of the projections between thalamic neurons and the midbrain or cerebellum leads to kinetic tremor, and disconnection of the thalamic-striatal neurons causes resting tremor. For our patient, his tremor was confined to the left calf and appeared only during walking or taking steps. It is possible that this kinetic tremor could be explained by the hypothesis of Jung et al[16]. In addition, it is unclear why the appearance of the abnormal involuntary movements of the left arm and hand delayed and whether this phenomenon is common.
Interestingly, we also observed imitative ipsilateral extremity movements with this patient. This has rarely been mentioned in the previously published literature. In 2003, Jung et al[18] reported a case of imitative arm elevation after a recurrent right thalamic hemorrhage. A 70-year-old man spontaneously elevated his left arm when attempting to lift the affected left leg. This spontaneous elevation could not be stopped by an instruction not to lift the arm. This patient also had marked ipsilateral proprioceptive deficits. Generally, the phenomenon in which the arm imitates the ipsilateral leg is called “mirror movement” and is regarded as a result of congenital or chronic pyramidal tract injury[19]. A previous PET scan study[20] suggested that the spontaneous upper extremity elevation could be related to hypometabolism of the corticothalamic motor inhibitory pathways. Thus, Jung et al[18] believed that the imitative arm elevation could be explained by disruption of the corticothalamic motor inhibitory pathways. Additionally, marked proprioceptive sensory loss may be another mechanism of mirror movement. For example, patients with sensory alien hand syndrome often demonstrate involuntary arm elevation[21]. In addition to development of mirror movement of his left arm, our patient exhibited ipsilateral hemisensory loss that included tactile and proprioceptive deficits. Similar to other reports, we think that disruption of the corticothalamic motor inhibitory pathways and proprioceptive sensory loss may be the underlying mechanism involved in our patient.

CONCLUSION
Although the precise mechanisms associated with the clinical manifestations described in the patient are still unclear, this case provides new insights into thalamus damage. For example, hypophonia may be a recognizable clinical sign of thalamus lesions, which could help with lesion localization; thalamus injury could cause tremor confined to the lower extremity and mimicking extremity movements. Therefore, further studies employing advanced neuroimaging techniques are warranted to improve our understanding of these unique manifestations secondary to thalamic stroke.
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Figure Legends
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Figure 1 The left toes involuntarily flex obviously when the patient tries to walk.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 2 Computed tomography. A: An urgent brain computed tomography (CT) scan revealed an acute hemorrhage lesion located in the right basal ganglia and thalamus 18 mo ago; B: A follow-up CT scan performed 17 mo after the onset of the stroke demonstrated an old hemorrhage lesion involving the right thalamus and posterior limb of the internal capsule.
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