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Abstract

Introduction: There remains uncertainty about the mechanism and specific location of the relative cortex with nonketotic
hyperglycaemic hemichorea—hemiballismus (HC—HB). This paper aims to analyse the relationship between the disappear-
ance of HC-HB and the supplementary motor area (SMA) infarction in a patient who recovered following an acute ischemic
stroke.

Case presentation: An 83-year-old female patient with diabetes mellitus presenting with severe and refractory involuntary
movement after hypoglycaemic therapy was referred to an outpatient neurosurgery department for further intervention.
Laboratory, magnetic resonance imaging (MRI) and computed tomography (CT) neuroimaging and physical examinations
were performed. After a diagnosis of HC—HB was confirmed, the patient received hypoglycaemic therapy and haloperidol;
however, there was no significant improvement. Brain MRI T1-weighted images and CT scans showed high signal intensity
involving the bilateral putamen nucleus. CT perfusion and CT angiography showed a hypo-perfusion in the SMA of the right
hemisphere without significant vascular occlusion. Then, aspirin and clopidogrel were administered, and the patient’s left
leg presented slight involuntary movement three days later. Interestingly, her involuntary movement disappeared again on
the second day after the discontinuation of antiplatelet therapy. She was discharged three days later, and her symptoms
did not recur during a follow-up for three months.

Conclusions: The SMA dysfunction caused by the acute infarction could terminate or reset the pathological neural path-
way of nonketotic hyperglycaemic HC—HB and contribute to the disappearance of the involuntary movement on the con-
tralateral side. The SMA may be a selective intervention target for patients with refractory nonketotic hyperglycaemic HC-HB.
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Introduction
seen in older Asian female patients. The clinical mani-

Hemichorea-hemiballismus (HC-HB) syndrome link-  festation of nonketotic hyperglycaemic HC-HB pres-
ed with nonketotic hyperglycaemia is a rare first mani-  ents as hyperkinetic disorders on one side and invol-
festation of diabetes mellitus or incidence in diabetic  ves the limbs and face; there is hyperintensity of basal
patients with poor glycaemic control. Approximately — ganglia (especially in the putamen) in computed tomo-
71.6% of the HC-HB instances documented have been  graphy (CT) and T1l-weighted magnetic resonance
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imaging (MRI). For most patients, the movement dis-
orders disappear when the patient’s hyperglycaemia
is controlled [8,10]. The risk factors for nonketotic
hyperglycaemia caused by HC-HB include metabolic
causes, autoimmune inflammation, infectious causes,
hormone imbalance, medication/toxic exposure, poly-
cythaemia vera, genetic aetiology and neurodegener-
ative disorders [5]. Among these factors, uncontrolled
diabetes mellitus is the most common concern. Sev-
eral hypothesised pathophysiologic mechanisms exist
for nonketotic hyperglycaemic HC-HB, and the basal
ganglia—thalamus—cerebral cortex circuit is the most
concerning [2,7]. Most researchers have suggested that
for patients with nonketotic hyperglycaemic HC-HB
affected by hyperglycaemia, the basal ganglia’s output
is reduced and causes disinhibition of the thalamus—
cerebral cortex, leading to a hyperkinetic movement
disorder [7]. However, the precise neural pathway and
location of the related cortex are difficult to determine
by direct clinical evidence.

This study describes the first known patient with
nonketotic hyperglycaemic HC-HB who had complete
recovery following an acute ischemic stroke in the sup-
plementary motor area (SMA). The SMA is thought to
play a crucial role in patients’ planning and controlling of
motor tasks, and SMA injury would result in contralat-
eral dyskinesia, mutism or severe speech impairment.
However, these deficits are transient, and patients have
complete or basic recovery within weeks to months.
This paper analyses the relationship between the dis-
appearance of symptoms and related cortex location
and speculates that SMA may be a selective inter-

vention target for patients with refractory nonketotic
hyperglycaemic HC-HB.

Case presentation

Ethics approval and consent
to participate

This study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics
Committee of Shanghai Municipal Hospital of Tradi-
tional Chinese Medicine. All participants signed an
informed consent form for inclusion in the study.

General information

An 83-year-old female patient with severe and
refractory involuntary movement of the left limbs,
mouth and face was referred to an outpatient neurosur-
gery department at the endocrinology clinic for surgical
intervention. The patient had a more than 20-year his-
tory of type 2 diabetes mellitus. Two months earlier, she
went to the endocrinology clinic for treatment of her
poorly controlled hyperglycaemia (blood glucose was
25 mmol/|, glycosylated haemoglobin A, [HBA, ] level
was 11.4%). During the treatment and one week after
the initial treatment, she suffered a sudden onset of
uncontrolled mouth chewing and then the involuntary
ballistic movement of her left arm. Finally, she could not
keep her left leg still, which failed to cease even during
sleep. Although her blood glucose level was well-con-
trolled, her condition worsened, and she was referred to
a neurologist for consultation. The patient had no his-
tory of carbon monoxide poisoning or hypoxic-ischemic

Fig. 1. Axial non-contrast computed tomography (CT) scan (A, red arrow) and axial T1-weighted magnet-
ic resonance imaging (MRI) sequence (B, yellow arrow) showing hyperintensity in the bilateral putamen
nucleus, and the high intensity in the right side is more significant than that in the left side.
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encephalopathy. A lung CT showed slight interstitial
pneumonia on both sides.

According to her lab examinations, neuroimaging
(Fig. 1) and physical examination, she was diagnosed
with nonketotic hyperglycaemic HC-HB. She accept-
ed a multidisciplinary therapeutic schedule contain-
ing hypoglycaemic therapy and haloperidol. However,
there was no significant improvement. Due to her poor
improvement, the patient came to this study’s outpatient
department of neurosurgery to consult about potential
surgical approaches. Her clinical data were thoroughly
analysed. She had no personal or family history of dys-
kinesia disease. The patient had normal consciousness
without discomfort except for her restless left limbs,
mouth and face, and her vital signs were normal.

Laboratory examinations
and neurological assessments

Her laboratory examination results for glucomet-
abolic indices included the following: blood glucose
10 mmol/l, HbAlc level 7.1%, glycated albumin 30.4%,
insulin (0-120 min) 10.8-23.3 pmol/|, C-peptide (0-120
min) 0.48-1.05 ng/ml, negative islet cell antibody, insu-
lin autoantibody and zinc transporter 8 antibody tests,
plasma osmotic pressure 304.69 mmol/|, urine nega-
tive for ketones; and normal liver and renal function
indices.

The patient’s electrolytes were as follows: potas-
sium 3.76 mmol/l, calcium 2.26 mmol/l and sodium
140.0 mmol/l. The SAP analysis showed anoxemia. It
also showed that the partial pressure of oxygen was
64.0 mmHg, the partial pressure of carbon dioxide was
38.0 mmHg, and the pH value was 7.430. The patient’s
thyroid hormone and parathyroid hormone levels were
normal, and her haemoglobin was 126 g/l.

The results of the neurological assessment were
that the patient had clear awareness, and the function
of her cranial nerves was normal. There was continuous
chewing action of her mouth that affected her ipsilat-
eral face, with involuntary ballistic movements of her
shoulder and elbow joints and disturbance actions in
her hand and leg. These involuntary movements did
not stop when she was sleeping. Her right limbs had
normal muscle strength and tension, and her left limbs
had V-muscle strength and normal tension. The bilater-
al Babinski sign was negative. There was mild ataxia on
her left side, and the Romberg sign was positive.

Imaging examinations

Brain MRI T1l-weighted images and CT scans
showed high signal intensity involving the bilateral
putamen nucleus (Fig. 1). The functional neurosurgery
department considered stereotactic nucleus lesioning
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therapy or deep brain stimulation therapy. During the
preoperative evaluation, the symptoms of HC-HB dis-
appeared suddenly without any special medical treat-
ments, except for common oral hypoglycaemic drugs
and insulin subcutaneous injection therapy. The repeat-
ed lab examination showed the patient’s blood glucose
was 8.8 mmol/|, and her HbA, _level was 7.0%. A brain
MRI was arranged immediately, and an acute cerebral
infarction in her right SMA cortex was found (Fig. 2).
The patient was without hemiparesis and sensory
disturbance on her right side and other neurological
dysfunction, and she had negative pathological signs.
Then, CT perfusion and CT angiography were complet-
ed and showed a hypofusion in the SMA of the right
hemisphere (Fig. 3) without a large cerebral vascular
occlusion.

Treatments and prognosis

Antiplatelet therapy with aspirin and clopidogrel
was administered, and three days later, the patient pre-
sented with slight involuntary movement in her left foot
and leg. The laboratory examination was repeated and
showed that the blood glucose level was 7.9 mmol/I,
and the HbAlc level was 7.2%. The partial pressure
of oxygen was 85.0 mmHg. Since the patient had no
new neurological dysfunction, antiplatelet therapy was
stopped. Interestingly, the patient’s involuntary move-
ment disappeared again on the second day. She was
discharged three days later, and her symptoms did not
recur at the three-month follow-up.

Discussion and conclusion

This article described a rare case presenting non-
ketotic hyperglycaemic HC-HB followed by cerebral
stroke. The main findings can be summarised as fol-
lows: 1) this older diabetic patient had severe and
refractory involuntary movement after hypoglycaemic
therapy; 2) despite the confirmed diagnosis of HC—HB,
the symptoms did not improve after the combined use
of hypoglycaemic therapy and haloperidol; 3) neuroim-
aging showed a hypo-perfusion in the SMA of the right
hemisphere without significant vascular occlusion; and
4) these symptoms disappeared after the discontinu-
ation of antiplatelet therapy and did not recur at the
three-month follow-up. This report suggests that the
SMA might participate in the motor circuits of nonke-
totic hyperglycaemic HC-HB, which provides a poten-
tial therapeutic target for this subgroup of patients.

The sudden disappearance of nonketotic hypergly-
caemic HC-HB symptoms followed by cerebral stroke
is rare. To date, only two similar cases involving two
patients have been reported [3,9]. This paper describes
the first case of nonketotic hyperglycaemic HC-HB
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Fig. 2. Comparison of neuroimaging before and after HC—HB disappeared. Computed tomography (CT) and
magnetic resonance imaging (MRI) scans showed that there was no abnormal signal in the right frontal
lobe before the symptoms of HC—-HB disappeared (A-C). Following the recovery of HC-HB, CT scan showed
a hypointensity lesion in the SMA of the right frontal lobe (D), MRI examination showed high signal inten-
sity in diffusion weighted images (E, white arrow) and low signal intensity in apparent diffusion coefficient
(F, white arrow), both in the SMA of the right frontal lobe.

ceasing with an infarction in the contralateral SMA cor-
tex; additionally, the patient differed from the previous
two patients in that she did not have hemiparesis on
the contralateral side of the ischemic lesion.

Kim et al. [9] reported a 70-year-old female with
a sudden onset of nonketotic hyperglycaemic HC-HB
in the right limbs, which did not disappear until the
patient developed an acute infarction in the left basal
ganglia six months later; however, the patient suffered
from right hemiparesis after the stroke. They specu-
lated that the mechanism was due to the change in
the motor circuit following the striatal ischemic lesion
located in the basal ganglia opposite to the affected
limbs. They also assumed that the HC-HB would never
have disappeared if the ischemic stroke did not occur.

Carrion et al. [3] described another similar case.
A 52-year-old man was seen in the emergency depart-
ment for recurrent left nonketotic hyperglycaemic
HC-HB. Due to his poorly controlled diabetes mellitus, he
also presented with a sudden disappearance of left HC-HB
during conservative therapy. However, the patient suf-
fered from left-sided hemiparesis, and a repeated brain
CT scan showed an ischemic stroke in the middle cere-
bral artery territory. After physical rehabilitation therapy
for approximately one month, he achieved good recovery
of his hemiparesis, and at the three-month follow-up, the
symptoms of HC-HB did not recur. The authors supplied
part of the CT images, from which this paper’s research-
ers ascertained that the infarction territory involved part
of the SMA cortex and subcortex area.
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Fig. 3. Perfusion computed tomography after HC-HB disappeared. Bilateral cerebral hemisphere cerebral
blood flow (CBF), cerebral blood volume (CBV), time to peak (TTP) and mean transit time (MTT) showed
asymmetry. The right side frontal lobe (SMA) CBF = 8.46, CBV = 2.10, TTP = 13.69, MTT = 15.47. The left
side frontal lobe (symmetric region): CBF = 11.93, CBV = 1.49, TTP = 9.96, MTT = 7.66. The pseudo colour
perfusion image showed that the perfusion on the right side was lower than that on the left side.

In the above two similar cases, only the unilater-
al limbs were affected, and there were no involuntary
movement disorders in the mouth and face. Moreover,
the locations of the two infarctions could both lead to
contralateral hemiparesis, so it was difficult to judge
whether the disappearance of HC-HB benefited from
ipsilateral hemiparesis or was the result of the prima-
ry disease. In this report, all the symptoms of HC-HB
resolved after an acute ischemic stroke in the right
SMA without functional disturbance of the left leg, arm,
mouth or face. Therefore, it is speculated that the SMA
participates in the motor circuit of nonketotic hypergly-
caemia in HC-HB and that the resolution of HC-HB is
ascribed to the inhibited excitability of the SMA cortex
by acute infarction. A previous study suggested that
repetitive transcranial magnetic stimulation can improve
the symptoms of HC-HB by inhibiting the hyperexcit-
ability of the contralateral primary motor cortex (M1)
[13]. Inconsistently, a report showed that HC-HB was
secondary to a cerebral motor cortex infarction [12];
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however, it was not a single lesion but a moyamoya
disease in the subcortex. Based on existing knowledge,
it is difficult to distinguish between the SMA or M1 as
the crucial cortical origin of nonketotic hyperglycaemic
HC—HB. For the patient in this study, her left foot and leg
started to present involuntary movements again during
conversation therapy of the infarction area. The use of
related drugs (antiplatelet drugs) was discontinued to
identify the interference of medications.

Interestingly, when the antiplatelet therapy was
stopped, the patient’s left leg was normal again, and
during this period, her blood glucose level did not fluc-
tuate. It is speculated that the improvement of the SMA
infarction prompts the slight recurrence of HC-HB and
the second recovery of HC-HB due to the termination
of antiplatelet therapy. This is direct clinical evidence
and a verifiable experience to certify that the SMA may
be a crucial cortical origin of nonketotic hyperglycae-
mic HC-HB, at least for the current patient. Previous
studies suggested that some subcircuits of movement
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disorders originate from several premotor areas, which
is consistent with this paper’s findings [6,7].

According to previous studies [7], if the basal gang-
lia’s output inhibited the thalamocortical projection
neurons in the motor circuit, the movement would be
reduced, and vice versa. For patients with nonketotic
hyperglycaemic HC-HB, one of the pathophysiologic
mechanisms is the imbalance of y-aminobutyric acid/
enkephalin neurons, which is due to metabolic disorders
in strata in the hyperglycaemia internal environment
[1,7]. Theoretically, HC-HB should disappear if hyper-
glycaemia is controlled. However, similar to this report,
many patients with controlled hyperglycaemia still pre-
sented with involuntary movement [4,11]. It is speculat-
ed that the underlying reason is the incongruous basal
ganglia—thalamus—cerebral cortex circuit. The internal
globus pallidus (GPi) also participates in the motor cir-
cuit in addition to the basal ganglia and thalamocortical
projection [7]. Increasing the output of the basal ganglia
and GPi by deep brain stimulation can reduce move-
ment, which is the anatomical basis of neuromodula-
tion [2,7]. The direct clinical evidence of the putamen’s
involvement in HC-HB is that the symptoms disappear
immediately after tumour resection in patients with
putamen tumours complicated with HC-HB. Therefore,
the contralateral movement should increase if a cere-
bral infarction occurs in the basal ganglia. It is impos-
sible for basal ganglia infarction to occur except in the
internal capsule. Based on the above ratiocination, it
is believed that the recovery of HC-HB after ischemic
stroke in the basal ganglia or middle cerebral artery
territory may result from hemiparesis, but there also is
a rearrangement of the traditional basal ganglia—thala-
mus—cerebral cortex circuit. Although the patient’s hemi-
paresis resolved completely after rehabilitative therapy
and without recurrence of HC-HB for the second similar
case, this paper considers the decreased excitability of
the motor cortex due to ischemia to be involved in the
recovery of symptoms. Although the possibility of indi-
vidual heterogeneity and accidental coincidence cannot
be completely ruled out, this study suggests that the
SMA may be a selective intervention target for patients
with refractory nonketotic hyperglycaemic HC-HB.

There are some limitations in this report. First, the
patient had no genetic diagnosis related to chorea or
did not undergo cerebrospinal fluid examination. Sec-
ond, the follow-up period was short, so a long-term fol-
low-up should be conducted to observe the effect of
the infarction.

In conclusion, this paper hypothesises that the
SMA participates in nonketotic hyperglycaemic HC-HB
motor circuits. The dysfunction of the SMA caused by
the acute infarction terminated or reset the patholog-
ical neural pathway of nonketotic hyperglycaemic HC—

HB and contributed to the disappearance of the invol-
untary movement on the contralateral side. The SMA
may be a selective intervention target for patients with
refractory nonketotic hyperglycaemic HC-HB.
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