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Diabetic Hemichorea-hemiballism
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Japan Hemichorea/hemiballism (HC/HB) associated with nonketotic hyperglycemia

(NKH) and hyperintense putamen on T1 weighted MRI has been recognized as
a clinical entity, but the substrate responsible for the MRI signal changes and
the pathogenesis of HC/HB remain unsettled. This syndrome is relatively rare,
but its recognition is important because the correction of hyperglycemia usually
leads to prompt clinical and radiological improvement, and occasionally to the
detection of untreated diabetes mellitus. In this review, the clinical, radiological,
and pathological features of this syndrome are extensively described with
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reference to possible underlying mechanisms.
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Introduction

Hemichorea/hemiballism (HC/HB) is a continuous, arrhythmic
hyperkinetic movement disorder occurring in a distal or proximal
part of body. Chorea is characterized by jerky, forcible, often twisting
movements of an arm or the trunk or facial grimacing, that can be
incorporated into voluntary movements, and ballism is characterized
by proximal dominant, often violent limb-throwing-like movement
of the entire limb [1]. Chorea and ballism often coexist and blend with
each other in a single patient, so that the difference may be due simply
to the difference in the amount of movement and not in quality. The
anatomical lesions responsible for HC/HB are generally found in
the contralateral subthalamic nucleus and/or the basal ganglia. The
varying etiologies include cerebrovascular, inflammatory, infectious,
metabolic/toxic, and neurodegenerative etiologies, and those related
to neoplasms or that are paraneoplastic. Autoimmune and infectious
etiologies are more common among young individuals compared to
the elderly, whereas cerebrovascular accidents are the most common
etiology among the elderly, often with a background of concomitant
hypertension and/or diabetes mellitus (DM).

Non-ketotic hyperglycemia (NKH) has been known to be
associated with chorea and/or ballism [2-4]. However, NKH has
gained increasing attention since Yahikozawa et al. reported a
new syndrome in 1994 that they named “hemiballism with striatal
hyperintensity on T1-weighted MRI in diabetic patients” [5]. At
present, this syndrome is regarded as the second most common cause
of HC/HB, following cerebrovascular accidents.

The clinical importance of this syndrome lies in the fact that
it can be the first manifestation of DM, and that, in most cases; it
can be improved simply by the correction of hyperglycemia and
an intravenous administration of fluids. Because of the relatively
benign course of the symptoms of this syndrome, the underlying
pathogenesis of this condition has been unclear.

Clinical features

The ‘hemiballism with striatal hyperintensity on T1-weighted
MRI in diabetic patients’ syndrome has been reported most often
in patients from Japan and Asian countries and was found more
commonly in elderly females with diabetes. Among 53 patients with
this syndrome, Oh et al. reported that their mean age was 71 years,
the female to male ratio was 1.8:1, and the mean hemoglobin A1C
(HbA1C) was 14% [6].

The typical clinical course is as follows; an elderly patient with
history of DM presents to an emergency room with an acute or
subacute onset of HC/HB. Imaging studies of the brain to rule in/
out cerebrovascular stroke reveals high intensities on computed
tomography (CT) and high signals in T1 MRI in the striatum
contralateral to the side of the involuntary movement. Laboratory
studies reveal NKH. After the correction of blood sugar, the
involuntary movement as well as abnormal imaging resolves
gradually [5-7].

The HC/HB is usually unilateral, but can involve both sides
when striatal lesions are bilateral [6-8]. Once resolved following
the correction of blood sugar, HC/HB may recur with resurgent
hyperglycemia [9]. Correction of the hyperglycemia does not
necessarily lead to abolishment of the involuntary movement and
may lag for a few years [10,11].

Weakness or paresthesias may precede the appearance of HC/
HB on the same side of the body [12,13]. The level of consciousness
usually maintained, though in rare cases, alteration in consciousness,
generalized seizures, or changes in the personalities may precede
the appearance of HC/HB [10]. The latter may be associated with
a disturbance of striatal-frontal projections, which may represent a
non-motor feature of this syndrome [14].

Typically, T1 weighted MRI reveals high signals in the striatum
of patients with this syndrome. However, cases presenting with
hyperglycemia and acute onset chorea but with normal MRI imaging
have been reported [11,14,15]. Cases presenting hyperglycemia
and typical TI MRI imaging abnormalities without involuntary
movement have also been reported [16,17]. Imaging abnormalities
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on MRI or CT may precede the appearance of HB/HC [18,19]. It is
possible that these variances reflect differences in the stage and/or
degree of a common underlying pathology.

It is important to note that the appearance of hemiballism/
hemichorea may be the first manifestation of diabetes [20,21].

The previous reports of this syndrome have been mostly of elderly
patients with poorly controlled type II diabetes. However, cases of
previously healthy adolescents presenting with hemichorea as an
initial manifestation of type I diabetes have been reported with or
without MRI abnormalities, suggesting that this syndrome could also
occur in childhood [15, 22].

Imaging studies

The characteristic MRI feature of this syndrome is high and
relatively uniform signal intensity of the putamen conforming to the
anatomical contour on T1 weighted images. Generally, this is not
accompanied by mass effect or contrast enhancement. In majority of
cases, T2 weighed MRI revealed low signals in the striatum. CT scans
reveals high-intensity of the putamen. But it is less conspicuous than
that on T1-MRI. Less often, the globus pallidus and caudate nucleus
are involved, though internal capsules are generally spared from
signal abnormalities. Patients presenting with hemichorea may show
bilateral abnormal signals on T1 MRIL

Typical chronological changes of this syndrome on CT, MRI
and single-photon emission computed tomography (SPECT) are as
follows [6,23]. In the acute stage, there are no apparent edematous
changes of the striatum itself and no surrounding edema. Following
recovery, abnormal signals improve first with CT, followed by MRIL
There is no conversion of signals from high to low or vice versa
during the follow-ups. Unless the recovery is protracted, atrophic
changes are not generally apparent after the disappearance of high-
intensity signals on T1-weighted MRI. SPECT studies may reveal
hyperperfusion of the basal ganglia on the contralateral side in the
acute stage and hypo-perfusion in the late stage.

With regard to T2-weighted gradient-echo MRI findings, in
which hemorrhagic lesions can be depicted as low signals, there have
been conflicting reports. Some groups reported that there were no
abnormalities [24,25] and others described low signals [26-28]. The
findings on diffusion MRI have been variable; some researchers
reported increased signals in the putamen [9,12,16], whereas others
did not [12,27].

It is noteworthy that hyperglycemic hemiballism may reveal
lesions not only in the striatum but also the subthalamic nucleus at
contralateral side of the involuntary movement. Kim et al. reported
that a patient who presented with hemiballism and nonketotic
hyperglycemia showed a localized subthalamic lesion on MRI
imaging [29]. In this patient, only the subthalamic nucleus appeared
high on T1 and low on T2. On the other hand, Maeda et al. reported
an autopsied case of hyperglycemic hemiballism with negative MRI
findings. The autopsy revealed a localized lesion in the contralateral
subthalamic nucleus.

Pathology

There have been only a few autopsy [30-32] and biopsy [12,18,33]
reports of patients with hyperglycemic HC/HB associated with

Figure 1: Axial T1-weighted magnetic resonance imaging (MRI) of an 89 year-
old man with history of poorly controlled diabetes presented with nonketotic
hyperglycemia and right sided hemiballism and orofacial dyskinesia, showing
diffuse high intensity of the bilateral putamen and globus pallidus which was
more intense on the left than right side. R: Right.

characteristic T1 MRI findings in the putamen. In the first autopsy
report, the characteristic T1 MRI hyperintensity in the putamen was
recognized 18 days prior to the patient’s death [30]. The autopsy
revealed an increased number of reactive astrocytes and the presence
of scattered small foci of fresh tissue necrosis. This was associated
with enhanced neuropeptide Y (NPY) immunoreactivity of the
interneurons. The contralateral putamen revealed only old lacunar
infarctions which had been apparent on MRI images. No hemorrhagic
changes, either fresh or old, could be identified histologically.

Another of the three autopsy cases was a patient with diabetic
hemiballisms refractory to the correction of blood sugar who died
36 days after the onset. The striatum, where T1-weighted MRI
revealed characteristic hyperintensity, also showed acute ischemic
changes with neuronal necrosis associated with the proliferation of
reactive astrocytes and microhemorrhages [31]. The third autopsy
case was that of a patient who presented with bilateral chorea and
TIMRI showing irregular/-not homogenous abnormalities in the
bilateral putamina. The autopsy revealed multiple lacunar infarcts
and the presence of phagocytes associated with surrounding reactive
astrocytosis and pericapillary hemosiderin deposition [32].

From these autopsy reports, it seems apparent that the pathologic
changes responsible for the characteristic T1-weighted MRI signals
in this syndrome is the diffuse proliferation of reactive astrocytes
associated with ischemic necrosis with or without the presence of
microhemorrhages. With a biopsy fragment of the striatum that
had showed high intensity on TI-weighted MRI, proliferation
of hypertrophic astrocytes have been reported [18,33]. Abe et al.
reported vascular changes including capillary proliferation and
hyaline degeneration of the arteriolar walls associated with ischemic
necrosis in a striatal biopsy. They suggested that the histological
changes are analogous to those of proliferative retinopathy [12].

Maeda et al. reported the autopsy findings of a 59-year-old patient
with diabetes who had presented with an upper limb involuntary
movement which progressed to hemiballism within 3 days [34]. The
brain MRI on admission was unremarkable and the correction of
the patient’s blood sugar resulted in the rapid improvement of the
involuntary movement. The patient died suddenly on day 57 from
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possible fatal arrhythmias, based on severe autonomic neuropathy.
The autopsy revealed only involvement of the contralateral
subthalamic nucleus as revealed by the presence of activated
microglia. It is of great interest that the lesion was not associated with
reactive astrocytosis, which may indicate that microglial activation
may be the earliest pathological feature of this syndrome.

In neuropathological examinations, immunohistochemistry for
reactive astrocytes or microglia is widely used as sensitive markers
of neural damages. Both astrocytes and microglias have long been
regarded as supportive components of the nervous tissue which
could be activated and transform into the reactive state. It has become
increasingly evident that the reaction of astrocytes and microglia
may not be nonspecific, but rather may be neuroprotective or
neurodestructive through the production and release of neurotrophic
factors and cytokines depending on the circumstances [35,36]. The
roles played by activated astrocytes and/or microglia in this syndrome
remain to be identified.

Etiology and pathogenesis

Based on the anatomical model of the basal ganglia-thalamus-
cerebral cortices circuit, disinhibition of the neural activities of the
subthalamic nucleus and subsequent activation of the motor cortex
occur by way of thalamo-cerebral projection pathways [37]. In the
two reported cases of diabetic hemiballism, only the subthalamus was
involved as revealed radiologically [29] or pathologically [30]. In the
vast majority of the reported cases in which abnormal high intensity
was found in the putamina on T1-weighted MRI, the occurrence
of abnormal excitation of thalamo-cortical projections has been
implicated based on SPECT showing that the cerebral blood flow was
increased in the thalamus and decreased in the putamen contralateral
to the side of involuntary movement [38]. This implication has
been underscored neurophysiologically. Goto et al. studied pallidal
neuronal activity in diabetic HC/HB by using microelectrode, and
they found decreased firing rate in the internal globus pallidum
(GP1), which suggested increased activity in the direct striatum-GPi
inhibitory pathways [39].

Two major hypotheses have been proposed to explain the
pathogenesis of the striatal lesions; metabolic versus ischemic
pathogenesis.

NKH is known to suppress the secretion of insulin, which
results in disturbed intracellular transport of glucose. In the
metabolic hypothesis, the shortage of available glucose leads to
a depletion of GABA, which is recruited as a substrate of citrate
cycle (GABA shunt). This leads to impaired function of GABAergic
inhibitory neurotransmission in the striatum and the disinhibition
of basal ganglia-thalamo-cortical circuit, resulting in abnormal
involuntary movement. The correction of hyperglycemia leads to the
normalization of GABA, resulting in the disappearance of abnormal
movement. It has been shown, in rodents, that GABA level and the
contribution of GABA to neurotransmitter activities are significantly
higher in the striatum and thalamus than in other brain regions
including the cerebral cortices, suggesting that the selective activation
of inhibitory neurons would result in a higher functional signal in
these areas [40]. However, this metabolic hypothesis alone cannot
explain the unilateral nature of the striatal involvement described in
the vast majority of the reported cases of this syndrome, and it cannot

explain why resistant cases exist in which involuntary movement
continues despite the normalization of hyperglycemia.

The second hypothesis is based on regional ischemia. The
populations who are susceptible to this syndrome are elderly patients
with poorly controlled DM, often afflicted with diabetic vasculopathy.
It has been established that ischemic tissue injuries tend to worsen
or become hemorrhagic due presumably to disruption of the blood
brain barrier [41, 42]. Under the dehydration of the hyperviscosity
state induced by NKH [43], a thrombotic obstruction of vessels or
transient ischemia of a hemodynamic nature may be liable to occur,
although it is to be noted that obstruction of the microvascular lumens
in the affected striatum has seldom been observed histologically
[12,18,26,30-33].

In the experimentally induced rat model of short-lasting cerebral
ischemia, the putamen showed MRI features closely resembling those
of this syndrome. The histology of the putamen revealed incomplete
ischemic lesions manifested by selective neuronal loss and a
proliferation of astrocytes [44,45]. Fujioka et al. further demonstrated
that such ischemia results in the deposition of manganese ions in
reactive astrocytes and cause a paramagnetic effect [46], which is
consistent with the view that gemistocytes are sufficient to explain
the shortening of the T1 relaxation time [18]. However, the ischemic
hypothesis cannot explain the fact that the correction of hyperglycemia
alone commonly resulted not only in the disappearance of HC/HB but
also the reversal of abnormal MRI findings. In addition, the fact that
recurrence of the involuntary movement can occur with worsening
of the hyperglycemia or superimposed infections cannot be explained
by the ischemic hypothesis alone.

The metabolic and ischemic hypotheses are not mutually
exclusive; they may be closely related pathogenetically to each other.
A case of hyperglycemic hemichorea was reported to be associated
with vascular anomalies in the contralateral putamen [47]. A patient
with hyperglycemic HC/HB with typical radiological striatal features
was found to have unilateral carotid occlusive disease [48]. Thus,
metabolic disturbances may unmask a previously unrecognized
asymptomatic vasculopathy. It is possible that in patients with
poorly controlled diabetes, vasculopathy and its regional chronic
ischemia may make one side of the striatum more vulnerable to
systemic metabolic stress than the other side, resulting in a unilateral
appearance of HC/HB.

Differential diagnosis

Blood glucose determination is essential when a patient present
with acute onset of HC/HB. If hyperglycemia is present and MRI of
the brain reveals T1 high intensity in the putamen, the diagnosis of
this syndrome is highly likely. If attending physicians are unaware of
this syndrome, their patients may be referred to neurosurgery service
for suspicion of a putaminal hemorrhage or brain tumor, which may
lead to an unnecessary brain biopsy or surgery.

When a patient’s involuntary movement is not resolved after the
correction hyperglycemia, or when MRI findings of the putamen are
not characteristic of this syndrome, further laboratory investigation
is necessary. The differential diagnoses can be broad including
cerebrovascular disorders, metabolic disorders other than diabetes,
infectious or inflammatory disorders, autoimmune disorders,
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paraneoplastic striatal inflammation and more. Possible non-organic
etiologies include conversion reaction (hysteria) and focal motor
seizures. The latter could be caused by hyperglycemia alone, so that in
doubtful cases an electroencephalogram (EEG) is indicated.

In contrast to HC/HB caused by cerebrovascular stroke, which
is usually monophasic, symptom relapses are often observed in
diabetic hemiballism/chorea. In general, relapse and/or fluctuation of
symptoms are features of involuntary movements due to metabolic
disorders, known examples being chorea due to hyperthyroidism or to
an electrolyte disturbance such as hypernatremia. These are generally
bilateral in occurrence and not associated with imaging abnormalities
of the basal ganglia. Of note, in cases of chorea associated with
uremia secondary to diabetic nephropathy, abnormal signals could
be recognized in the basal ganglia with MRI. However, unlike cases
of diabetic HC/HB, they reveal T1 low and T2 high intensities [49].

It should be noted that, in juvenile-onset chorea, hyperglycemic
HC/HB could be a manifestation of mitochondrial cytopathy. There
have been two case reports of juvenile patients who presented with
hyperglycemic chorea and high intensity lesions in the basal ganglia
on TIl-weighted MRI, subsequently diagnosed as mitochondrial
encephalopathy, lactic acidosis and strole-like episodes (MELAS)
with A3243G mutation [50,51].

Neurodegenerative diseases are often accompanied by
the appearance of chorea, such as Huntington’s disease or
neuroacantocytosis. However, HC/HB and these disorders can be
easily differentiated based on other clinical features and imaging

studies.

Therapy and prognosis

Following the correction of patient’s hyperglycemia, the
intensity of HC/HB usually but not always gradually resolves and
disappears. The resolution of abnormal intensities on T1 MRI tends
to lag behind the improvement of the involuntary movement [6,7]. In
some patients, the involuntary movement persists regardless of the
improvement of the abnormal intensities on MRI images [10,11,23].
Wu et al. reported a patient with persistent HC/HB lasting for 6
months associated with the appearance of periodic synchronized
discharges (PLEDs) on EEG, suggesting that the appearance of
PLEDs may indicate an irreversible outcome in this syndrome [52].
In addition, because this syndrome tends to occur in elderly patients
with poorly controlled DM, complications such as pneumonia, sepsis
and cerebral infarction are not uncommon, and these may seriously
alter the outcome of therapy and prognosis.

When the involuntary movement would not resolve after the
correction of blood sugar, pharmacotherapy for chorea or ballism
may be indicated [1]. The first-line agents are dopamine-blocking
agent such as haloperidol. When this is not effective, risperidone,
tiapride, sulpiride, diazepam could be tried. For medication-resistant
HC/HB, functional neurosurgery may be indicated. Deep brain
stimulation of the thalamus [53] and pallidotomy [38], have been
successfully applied to patients with resistant HC/HB. More recently,
repetitive transcranial magnetic stimulation was effective in a patient
with persistent (> yr) hemichorea associated with atrophic changes in
the contralateral striatum [54].

Conclusion

Since the first description of diabetic HC/HB associated with T1
high intensity of the putamen, this syndrome has been recognized
as a distinct clinical entity. This syndrome tends to occur in elderly
patients with poorly controlled DM, but it can also be a first
manifestation of unrecognized DM. In most instances, the correction
of hyperglycemia can bring about significant improvements of both
the clinical symptoms and the imaging abnormalities. The recognition
of this treatable clinical entity is thus important. However, atypical
or resistant cases, and cases with only subthalamic involvement have
been reported, suggesting that the spectrum of this syndrome may
be more varied than originally described. Metabolic and circulatory
disturbances may both be contributory, but the exact pathogenesis of
this syndrome remains to be established.
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