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A 77-year-old woman was admitted to a local clinic for altered consciousness and presented
with a suspected basal ganglion hemorrhage detected on brain computed tomography. The patient was stuporous, but her vital signs were stable. Her initial blood glucose was 607 mg/dL,
and a hyperdense lesion was found in the right basal ganglion on brain computed tomography.
T1-weighted magnetic resonance imaging revealed high signal intensity in the right basal ganglion. Electroencephalography showed no seizure activity. The patient was treated with a fluid
infusion, and serum glucose level was controlled with insulin. The patient gradually recovered
consciousness and was alert within 24 hours as serum glucose level normalized. The basal ganglion lesion caused by hyperglycemia was not accompanied by involuntary limb movement. This
is the first report of a patient presenting with decreased consciousness and typical neural radiographic changes associated with nonketotic hyperglycemia but without movement abnormalities.
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What is already known
Hyperdense basal ganglion lesions on brain computed tomography have been
reported in nonketotic hyperglycemic patients mainly in association with involuntary limb movement.
What is new in the current study
The same radiographic abnormality was found in a nonketotic hyperglycemic
patient with altered consciousness only. Clinicians should consider nonketotic
hyperglycemia even in the absence of a movement disorder.
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Case Report

Radiographic basal ganglia abnormalities
secondary to nonketotic hyperglycemia
with unusual clinical features

Ju Young Choi, et al.

INTRODUCTION

CASE REPORT

Brain computed tomography (CT) is commonly used to assess intracranial abnormalities in the emergency department. Possibilities that should be considered in the differential diagnosis of a
hyperdense basal ganglion lesion on brain CT include benign calcification, hypertensive intracerebral hemorrhage (ICH), presence
of a foreign body, Tay-Sachs disease, and metabolic diseases such
as hyperglycemia.1 The basal ganglion is a common anatomic site
for hypertensive ICH; thus, emergency physicians are familiar with
these CT findings. Several studies have reported patients with nonketotic hyperglycemia whose CT findings mimic those of patients
with ICH. These patients mainly present with a contralateral movement disorder referred to as diabetic hemichorea-hemiballism
(HC-HB).1-4 Patients with diabetic HC-HB usually present with involuntary, continuous unilateral movement abnormalities in both
the proximal and distal extremities.5 However, not all patients
with hyperglycemia and a hyperdense basal ganglion lesion present with an abnormal movement disorder. For instance, Hansford
et al.6 reported a patient with these imaging abnormalities without a movement disorder. Similarly, the present report details a
patient with nonketotic hyperglycemia and a hyperdense basal
ganglion lesion with an unusual clinical presentation.

A 77-year-old woman lost consciousness 6 hours before being
admitting to a local clinic where she underwent brain CT. The patient was promptly referred to our department with suspected
basal ganglion ICH based on the brain CT. The patient had no me
dical history other than diabetes. Her premorbid Eastern Cooperative Oncology Group score was 3 due to dementia but she had
normal cognitive functioning. The patient had stopped taking her
diabetic medication 2 months earlier, on her own volition, and
had been suffering progressive debilitation. No other symptoms
were present. The patient did not take any sedatives or tranquilizers. The initial vital signs were blood pressure 180/98 mmHg,
pulse rate 110/min, respiratory rate 18/min, and body temperature 36.8°C. A neurological examination revealed stupor, intact
brainstem signs, and greater than grade III motor strength in all
four extremities without lateralizing signs. She did not exhibit any
abnormal movements of the extremities. No specific abnormalities were found on a systemic physical examination. The initial
serum laboratory test results were blood glucose 607 mg/dL, hemoglobin 12.8 g/dL, white blood cells 6,720/mm3, platelets
193,000/mm3, aspartate aminotransferase 32 IU/L, alanine aminotransferase 38 IU/L, blood urea nitrogen 17 mg/dL, serum cre-
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Fig. 1. Axial (A) and coronal (B) brain computed tomography. The right basal ganglion shows a hyperdense lesion. The internal capsule had normal density. No mass effect was observed.
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Cerebral radiographic change due to hyperglycemia
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Fig. 2. Brain magnetic resonance imaging shows high signal intensity on a T1-weighted image (A), low signal intensity on a diffusion-weighted image
(B), and low signal intensity on the apparent diffusion coefficient map (C). No mass effect was observed.

atinine 1.2 mg/dL, sodium 120 mEq/L, potassium 5.0 mEq/L, chloride 89 mEq/L, serum osmolarity 280 mOsm, and lactate 12.5 mg/
dL. No serum ethanol was detected, and an arterial blood gas
analysis revealed the following: pH 7.454, pCO2 37.0 mmHg, pO2
78.1 mmHg, HCO3 25.4 mmol/L, and base excess 1.6 mmol/L. No
ketones were detected in the urinalysis. Barbiturates, benzodiazepines, and tricyclic antidepressants were not found during a toxin-screening test. The initial brain CT showed a hyperdense lesion
in the right basal ganglion (Fig. 1). On magnetic resonance imaging, T1-weighted images revealed high signal intensity indicative
of changes due to nonketotic hyperglycemia; diffusion weighted
imaging (DWI) and an apparent diffusion coefficient map showed
restricted diffusion (Fig. 2). Blood glucose level was controlled
with regular insulin, and conservative treatment and fluid resuscitation were provided. Electroencephalography revealed findings
compatible with diffuse encephalopathy, but no signs of seizure
were detected. After admission to the intensive care unit, the patient gradually recovered consciousness and was alert after 24
hours, as blood glucose and sodium were controlled. No abnormal
movement disorder was noted after a return to consciousness. The
patient was discharged 10 days after admission without any complications.

DISCUSSION
Diabetic HC-HB is a rare complication of nonketotic hyperglycemia in which patients usually present with continuous unilateral
involuntary movement. This condition is more prevalent in elderly
East Asian women with poorly controlled diabetes.7 Most patients
have typical radiographic basal ganglia abnormalities contralateral to the affected side.8 The predominant CT findings are hyper254

attenuation of the putamen with or without hyperattenuation of
the caudate nucleus, sparing the internal capsule. Magnetic resonance imaging findings include high signal intensity on T1-weight
ed images, variable signal intensity on T2-weighted images, and
restricted diffusion on DWI.1,8-10 Emergency physicians can misdiagnose this condition as acute ICH if not familiar with these radiographic abnormalities, considering the acute nature of the clinical symptoms and similarities on CT findings. Contrary to diabetic
HC-HB, acute basal ganglion hemorrhage usually involves peri
pheral edema and cerebral parenchymal displacement due to mass
effect.6
Several hypotheses regarding the pathogenesis of radiographic
abnormalities have been proposed. Petechial hemorrhage was initially considered as the main mechanism underlying hyperdensity
on CT and high signal intensity on T1-weighted images.9 However, such radiographic abnormalities typically adhere to neuroanatomical boundaries rather than vascular territories.6 Another study
found no hemosiderin deposits in an anatomical structure with
abnormal radiographical findings.11 An alternative hypothesis is
that hyperviscosity induced by hyperglycemia and vasogenic edema play a role in radiological abnormalities as they induce restrict
ed diffusion on DWI and apparent diffusion coefficient maps.12
Similarly, hyperviscosity may cause partial ischemic injury to the
striatum, which results in high signal intensity on T1-weighted
images.11 Hsu et al.13 proposed that metabolic derangements related to hyperglycemia and cerebral vascular insufficiency constitute the main underlying mechanism. They found that fluorodeoxyglucose uptake in the basal ganglion decreased based on results from a positron emission tomography analysis. Another possible hypothesis is that excess formation of gemistocytes, which
are reactive swollen forms of astrocytes, result from ischemic chan
www.ceemjournal.org
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ges and metabolic derangement. In line with this theory, Shan et
al.4 found several gemistocytes in a stereotactic putamen biopsy
specimen, claiming that these changes led to high signal intensity
on T1-weighted images. Hence, while various hypotheses have
been suggested, the main mechanisms underlying radiographic
abnormalities remain unclear.
With the exception of two documented patients, all patients
with nonketotic hyperglycemia and radiographic abnormalities
have also presented with an involuntary movement disorder. Specifically, Hansford et al.6 reported a patient who complained of
vague stroke-like symptoms, and Hsu et al.13 reported a patient
who had unilateral limb weakness, gait disturbance, and speech
difficulties. Similar to these two cases, the present report observed
the same radiographic abnormalities without a movement disorder, but the clinical presentation only included diminished consciousness. Although altered consciousness in a patient with hyperglycemia can be caused by increased serum osmolarity, electrolyte imbalance, or prolonged metabolic acidosis,14 such results
did not apply to the present patient. We concluded that the patient developed a form of metabolic encephalopathy, considering
the electroencephalography results and gradual improvement in
consciousness in accordance with corrected blood glucose and
sodium. The importance of this case is that radiographic abnormalities observed in a patient with diabetic HC-HB can also be
observed in patients presenting only with altered consciousness.
Although radiographic changes caused by nonketotic hyperglycemia are uncommon, emergency physicians should consider
typical radiographic features. In addition, emergency physicians
should remember that clinical features likely involve various signs
and symptoms apart from a movement disorder.
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