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PURPOSE: To describe the neuroimaging (CT, MR, and single-photon emission CT [SPECT])
findings in a series of patients with chorea-ballismus associated with nonketotic hyperglycemia in
primary diabetes mellitus and to correlate the imaging findings with the clinical presentation.
METHODS: The neuroimaging and clinical data from 10 patients with chorea-ballismus associated
with nonketotic hyperglycemia in primary diabetes mellitus were evaluated. Family and drug
histories, as well as other causes of chorea, were excluded. All 10 patients had CT, 5 also had MR
imaging, and 3 had SPECT examinations. Three had follow-up CT and MR imaging studies, and MR
findings were correlated with CT findings in 5 cases. Two experienced neuroradiologists, aware of
the diagnosis but blinded to the clinical status of the patients, evaluated all images and reached a
consensus as to the final interpretation. RESULTS: CT studies in 9 of 10 patients showed a
hyperdense putamen and/or caudate nucleus; in 1, the CT findings were normal. T1-weighted MR
images in all 5 patients who had MR imaging (including the patient with a normal CT study) showed
hyperintense lesions without significant T2 signal alternation at the basal ganglia. In all 3 of the
patients who had SPECT studies of the brain, the scans revealed hypoperfusion at corresponding
areas. All 3 follow-up studies depicted resolution of the lesions in the abnormal basal ganglia.
Increased hypointensity on T2-weighted and gradient-echo T2*-weighted images was also ob-
served in the sequential MR images. In all patients, the initial side of involvement correlated well
with the neuroimaging findings. The chorea resolved within 2 days after treatment of the hyper-
glycemia in 9 patients. CONCLUSION: In patients with chorea-ballismus associated with nonke-
totic hyperglycemia in primary diabetes mellitus, CT and T1-weighted MR images show unilateral
or bilateral lesions of the putamen and/or caudate. SPECT scans show hypoperfusion. These
findings may be related to petechial hemorrhage and/or myelin destruction. Early recognition of
these imaging characteristics may facilitate diagnosis of primary diabetes mellitus with hypergly-
cemia and prompt appropriate therapy.
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Chorea and ballismus can result from a vari-
ety of conditions, including cerebrovascular dis-
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orders, infections, drugs, metabolic abnormali-
ties, neurodegenerative diseases, immunologic
disorders, and tumors, as well as from nonke-
totic hyperglycemia in primary diabetes melli-
tus (1, 2). These involuntary movements have
been described with lesions in the subthalamic
nucleus, corpus striatum, cerebral cortex, thal-
amus, and brain stem (1, 3). Nonketotic hyper-
glycemia is an unusual cause of chorea-ballis-
mus, and chorea-ballismus is also a rare
manifestation of primary diabetes mellitus (1–
15). Since chorea-ballismus can be life-threat-
ening (3), recognition of this disorder is impor-
tant because chorea-ballismus caused by
hyperglycemia is a treatable disorder with a
good prognosis (2, 4–15).
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Clinical information and laboratory data in 10 patients with chorea-ballismus associated with nonketotic hyperglycemia in primary diabetes

Case
Age, y/
Sex

Diabetes
Mellitus
History

Involved
Side

Initial
Blood
Sugar,
mg/dL

Initial
Serum

Osmolarity,
mOsm/kg

Duration, d/
Outcome

Imaging
Time from

Chorea Onset
to CT

Lesion Location

1 66/M 2 y R 300 310 2/Good CT, MR 4 d, 2 mo, 6
mo, 1 y

L putamen

2 78/M 3 y Bilateral 245 296 2/Good CT, MR 5 d, 2 mo, 6
mo

Bilateral caudate, putamen;
lateral globus pallidus

3 67/M Unknown R 337 302 1/Good CT, MR 7 d, 2 mo, 6
mo

L putamen

4 77/M Unknown R 284 300 1/Good CT, MR 4 d L caudate, putamen
5 65/M 3 y R 350 311 2/Good CT, MR 5 d L putamen
6 77/M 7 y R 290 301 1/Good CT 5 d L caudate, putamen
7 75/M 3 mo R 200 305 1/Good CT 7 d L caudate, putamen
8 69/M Unknown L 254 285 1/Good CT 7 d R putamen
9 68/M 4 y Bilateral 560 360 3/Death CT 7 d Bilateral caudate, putamen
10 59/M Unknown Bilateral 414 325 2/Good CT 3 d Bilateral caudate, putamen
Several case reports have described variable
computed tomographic (CT) findings in this
disorder, including no abnormalities (4–9), high
density in the caudate (10), high density in both
the caudate and putamen (11, 12), and high
density in just the putamen (13, 14). Three case
reports have described magnetic resonance
(MR) imaging findings of high-intensity lesions
in the basal ganglia on T1-weighted images
(13–15). It is probable that some patients with
chorea-ballismus on admission might have co-
incidental hyperglycemia caused by secondary
diabetes mellitus in conjunction with other dis-
ease processes. Positive neuroimaging findings
may help the physician identify structural le-
sions that could cause chorea and may also
facilitate an earlier diagnosis of true primary
diabetes with hyperglycemia and prompt ap-
propriate therapy. Our purpose was to study the
CT, MR, and single-photon emission CT
(SPECT) findings in a series of patients with
chorea-ballismus associated with nonketotic
hyperglycemia in primary diabetes mellitus and
to correlate these imaging findings with the clin-
ical presentation.

Materials and Methods
Over a period of 4 years, we conducted a retrospective

review of the records of 10 men with chorea-ballismus
associated with nonketotic hyperglycemia in primary dia-
betes who had CT and/or MR imaging of the brain. These
10 patients were 59 to 78 years old (mean, 70 years);
none had a family history of movement disorders; and
none had taken any medication that could cause chorea-
ballismus (eg, neuroleptic drugs, metoclopramide hydro-
chloride, or levodopa). Other causes of chorea, including
Wilson disease, thyroid disease, and systemic lupus ery-
thematosus, were also excluded. No patient had evidence
of previous infarction in the region of the basal ganglia on
CT and/or MR imaging studies.

MR imaging (performed in five patients; cases 1 to 5,
see the Table) was done on a 1.5-T superconducting sys-
tem. Spin-echo T1-weighted images with parameters of
600/20/2 (repetition time/echo time/excitations) and pro-
ton density– and T2-weighted images with parameters of
2500/15,90/1 were obtained in the axial plane. Gradient-
echo T2*-weighted images were obtained with parameters
of 750/50/1 and a 108 flip angle. Images were 5 mm thick
with a 2.5-mm gap between sections. The acquisition ma-
trix was 256 3 256, with a 20-cm field of view. Three
patients (cases 1 through 3) received follow-up MR exam-
inations at 2 and 6 months, and one patient (case 1) also
had a follow-up study at 1 year. The signal intensity of the
basal ganglia (caudate nucleus, putamen, globus palli-
dum) was compared with the signal of the gray matter.

CT studies of the brain were obtained in the axial plane
by using 8-mm-thick contiguous sections. Noncontrast CT
scans were available in all patients. Three patients (cases
1 through 3) received follow-up CT examinations at 2 and
6 months, and one patient (case 1) also had a follow-up
study at 1 year. The abnormal density of the basal ganglia
was evaluated as hyperdensity, isodensity, or hypodensity
relative to gray matter. Measurements of Hounsfield units
(HU) in both basal ganglia were taken in every CT exam-
ination. CT scans were obtained from 3 to 7 days after the
onset of symptoms, and all MR images were obtained
within 3 days after CT. Two experienced neuroradiologists,
trained in MR imaging and CT and blinded to the clinical
status of the patient, evaluated all images for lesion loca-
tion, attenuation abnormalities on CT scans, and signal
changes on MR images, and reached a consensus as to the
final interpretation.

Three patients (cases 1, 3, and 7) were examined with
SPECT at 8 days and at 4 months in case 1, and at 14 days
in cases 3 and 7, after the onset of chorea. Technetium Tc
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99m hexamethylpropyleneamine oxime (HMPAO) brain
SPECT, done to evaluate regional blood flow, was per-
formed 10 minutes after an intravenous injection of 370
Mbq of 99mTc HMPAO. Scanning equipment consisted of a
rotating, large-field-of-view gamma camera fitted with a
low-energy, high-resolution collimator. Sixty images were
acquired for 10 seconds each during a 3608 camera rota-
tion. Each image was stored in a 64 3 64-pixel matrix.
Reconstruction of the image was performed with attenua-
tion correction, using Hanning filters to produce transaxial
sections.

Clinical and Laboratory Data

Six patients had abnormal movements on the right side
(cases 1 and 3 through 7), one patient had abnormal
movements on the left side (case 8), and three patients
had bilateral abnormal movements (cases 2, 9, and 10)
noted for several (3 to 7) days at the initial presentation
(Table). All patients were conscious except one (case 9),
who was comatose. This patient died of acute neurologic
deterioration and respiratory arrest of unknown cause 3
days after admission. Autopsy studies were not available.
In the nine conscious patients, chorea resolved within 2
days after correction of the hyperglycemia. A history of
diabetes mellitus was established in six patients (cases 1,
2, 5 through 7, and 9); the other four had no such history,
although they were subsequently proved to have diabetes
mellitus during their hospital stay. Initial blood sugar levels
ranged from 200 to 560 mg/dL on admission. A history of
hypertension could be traced in four patients (cases 4, 7,
8, and 10); however, all patients were normotensive during
the hospital course. There were no ketones in the serum,
and calculated serum osmolarity ranged from normal to
mild hyperosmolarity (285 to 325 mOsm/kg) in all pa-
tients except case 9, who had severe hyperosmolarity
(360 mOsm/kg).

Results

Initial CT and MR Examinations

The lesions were located in the putamen uni-
laterally in four patients (cases 1, 3, 5, and 8), in
the putamen and caudate unilaterally in 3 pa-
tients (cases 4, 6, and 7), in the putamen and
caudate bilaterally in two patients (cases 9 and
10), and in the putamen and caudate and lateral
portion of the globus pallidus bilaterally in one
patient (case 2).
On CT scans, 9 of 10 patients had slightly

increased density in the involved caudate nu-
cleus and/or putamen (Figs 1A and 2A). Tissue
density was found to be 40 to 51 HU for the
areas of increased attenuation in the involved
basal ganglia. In the comparatively normal ar-
eas of the basal ganglia, tissue density was 33
to 36 HU. One patient (case 5) had normal CT
findings.
At MR imaging, all patients (including the

patient with a normal CT study) had increased
signal intensity in the involved basal ganglia on
T1-weighted images (Figs 1B, 2B and C). Ab-
normalities were delineated better and were
more often conspicuous on the MR images than
on the CT scans. Proton-density T2-weighted
images showed slightly hyperintense signal rel-
ative to the contralateral side (Fig 1C), and
gradient-echo T2*-weighted images revealed
no significant signal alternation in case 1. Pro-
ton-density T2-weighted and gradient-echo
T2*-weighted images showed no significant sig-
nal alternation in the other four patients (cases
2 through 5).
In all patients, the manifestation of chorea-

ballismus correlated well with the neuroimaging
findings. In the six patients with right-sided
symptoms, a lesion was noted on CT scans
and/or MR images in the contralateral left basal
ganglia. In the one patient with left-sided symp-
toms, a lesion was found in the right basal gan-
glia. In the three patients with bilateral chorea-
ballismus, CT scans and/or MR images showed
lesions in the basal ganglia bilaterally.

Follow-up CT and MR Examinations

In case 1, CT scans showed that the high
attenuation in the left putamen had completely
resolved after 2 months (Fig 1E), and there was
no change at 1 year. T1-weighted MR images in
this patient revealed that the hyperintensity had
decreased within 6 months and had completely
resolved at 1 year (Fig 1F and I). The patient
remained well during the year after resolution of
chorea-ballismus. In case 2, CT scans showed
decreased attenuation and T1-weighted MR im-
ages showed decreased signal intensity bilater-
ally in the abnormal basal ganglia at 2 months.
The 6-month follow-up imaging studies showed
normal density on CT scans and more de-
creased signal intensity on MR images. The pa-
tient remained well, although bilateral chronic
subdural hematoma was noted incidentally (Fig
2D). The third patient (case 3) returned about 2
months later, when a second episode of diabetic
hyperglycemia occurred, with hyperkinetic
movements of the right arm. Increased signal
intensity was noted in the left putamen on T1-
weighted images as compared with the first MR
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Fig 1. Case 1: 66-year old man with diabetes and abrupt onset of involuntary movements involving right limbs. CT scans were
obtained 4 days after hemichorea; MR images at 6 days. (All CT scans were acquired with identical center and window level. All MR
images were acquired with identical imaging parameters and were photographed with identical window and level settings.)

A, Unenhanced CT scan shows slightly increased attenuation in the left putamen.
B, Axial T1-weighted (600/20) MR image reveals increased signal intensity, mainly in the left putamen.
C, T2-weighted (2500/90) MR image, which corresponds to B, shows slightly higher signal intensity on the left (arrow) than on the

right.
D, HMPAO brain SPECT scan obtained 8 days after hemichorea shows decreased perfusion in regions of the left basal ganglia.
E–H, CT and MR images obtained after 2 months. The high density is resolved on unenhanced CT scan (E). T1-weighted (600/20)

MR image (F) shows reduction of hyperintense signal in left putamen. Corresponding T2-weighted (2500/90) MR image (G) shows
mildly decreased intensity involving left putamen (arrows). Significant hypointense left putamen is also noted on gradient-echo
T2*-weighted (750/50, 108 flip angle) MR image (H).

I, The abnormal signal intensity is completely resolved on T1-weighted (600/20) MR image obtained at same level 1 year later.



AJNR: 17, June 1996 CHOREA-BALLISMUS 1061
Fig 2. Case 2: 78-year-old man with
diabetes in whom bilateral involuntary
choreoathetoid movements of the face and
limbs developed suddenly. CT scans were
obtained 5 days after onset of chorea-bal-
lismus; MR images after 7 days.

A, Unenhanced CT scan shows slightly
increased attenuation involving the head of
the caudate nucleus, the putamen, and ad-
jacent portion of the globus pallidus bilat-
erally.

B and C, T1-weighted (600/20) MR im-
ages at two consecutive levels show mark-
edly increased signal intensity in the head
of the caudate nuclei bilaterally, in the
body adjacent to the lateral ventricle (ar-
rows), and in the putamen and adjacent
portion of the globus pallidus bilaterally.

D, T1-weighted (600/20) MR image
obtained 6months later shows reduction of
hypersignal. Bilateral chronic subdural he-
matoma is noted incidentally.
image. The chorea resolved after treatment,
and the signal intensity was decreased at the
6-month follow-up examination. Increased hy-
pointensity on T2-weighted and gradient-echo
T2*-weighted images was observed on the se-
quential MR images in cases 1 to 3 (Fig 1G and
H). Follow-up neuroimaging findings correlated
well with the clinical course in these three pa-
tients. Nevertheless, resolution of the lesions
noted on the imaging studies was slower than
the clinical course.

Initial and Follow-up SPECT Examinations

The first HMPAO brain SPECT study (Fig 1D)
revealed decreased regional blood flow in the
area of the left basal ganglia, corresponding to
CT and MR findings in all patients, and, in one
patient, decreased regional perfusion was still
noted on follow-up examinations 4 months
later.

Discussion

The critical pathophysiological basis for cho-
rea-ballismus associated with nonketotic hy-
perglycemia in primary diabetes mellitus is un-
known. It is probable that underlying chronic
focal cerebrovascular diseases in primary dia-
betes mellitus (16, 17) provide the basis for
acute blood-brain barrier dysfunction (18) and
synergetic metabolic effects during the hyper-
glycemic episode (17, 19). Hyperglycemia also
produces a global decrease in regional cerebral



1062 LAI AJNR: 17, June 1996
blood flow with maximal reduction in the basal
ganglia. Thus, the reduction of cerebral blood
flow may contribute to the reduction of local
amounts of g-aminobutyric acid. Depletion of
corpus striatal g-aminobutyric acid in nonke-
totic hyperglycemia may allow increased palli-
dal activity with resultant dyskinesia (17, 19).
The presence of lesions with increased signal

intensity on spin-echo T1-weighted images is
unusual; relatively few documented tissue ab-
normalities have been associated with such sig-
nal intensity (20–27). Hyperintense signal in
the region of the basal ganglia on T1-weighted
MR images has been noted by other investiga-
tors (20, 26–30), and has been associated with
manganese toxicity in long-term parenteral nu-
trition (26), chronic liver failure (28), problems
of calcium metabolism (20), Wilson disease
(27), neurofibromatosis (29), and hypoxic brain
changes (30). The lesions reported in connec-
tion with the first two conditions were located
mainly in the globus pallidus, symmetrically. In
the others, there were lesions in additional areas
as well. In our series, chorea-ballismus with hy-
perglycemia was restricted largely to the puta-
men and/or caudate nucleus.
The differential diagnosis of acutely develop-

ing increased density on CT scans includes cal-
cification and hemorrhage (31). An imaging ab-
normality that has an apparently rapid onset
and that disappears within months more or less
rules out calcium as a cause (32). In our pa-
tients, only slightly increased attenuation in the
range of 40 to 51 HU was noted in the abnormal
areas of the basal ganglia. Attenuation in the
comparatively normal areas of the basal ganglia
was about 33 to 36 HU. This finding could be
explained by multiple petechial hemorrhages
rather than an intracerebral hematoma.
MR examinations of our patients were ob-

tained 6 to 10 days after onset of chorea. Met-
hemoglobin has usually formed by the first
week after a hemorrhagic event (24). The pres-
ence of methemoglobin from recent petechial
hemorrhage, with blood interspersed between
brain tissue, could theoretically account for the
increased intensity seen at admission on T1-
weighted images and for the absence of marked
signal alternation seen on T2-weighted and gra-
dient-echo T2*-weighted sequences in patients.
The sequential resolution of hyperintense signal
on T1-weighted images and the sequential
presence of increased hypointensity on T2-
weighted and gradient-echo T2*-weighted se-
quences in the basal ganglia with continuous
resolution of high density on CT scans also sug-
gest evolution of petechial hemorrhage with he-
mosiderin deposition.
A review of the neuroimaging findings in pa-

tients with chorea associated with hyperglyce-
mia in primary diabetes mellitus (4–15) shows
that 11 patients had CT studies only (4–12).
Among them, 8 had normal findings (4–9) and
the other 3 had high attenuation in the basal
ganglia (10–12). Three patients had both CT
and MR studies (13–15). Of these, 2 had hyper-
dense basal ganglia on CT scans (4 and 7 days,
respectively, after onset of chorea) and hyper-
intense signal on T1-weighted MR images (14
and 18 days, respectively, after onset) (13, 14).
The third patient had normal CT findings with
hyperintense signal on T1-weighted MR images
(both studies performed 3 months after onset)
(15). There were different schools of thought
about the cause of the imaging abnormalities. In
three reports of positive CT findings in which
there were no MR examinations, basal ganglia
calcification (10) and hemorrhage (11, 12)
were suggested. Hemorrhage was also consid-
ered the cause of imaging abnormalities in two
reports in which both MR and CT findings were
positive (13, 14). In the article that reported
normal CT findings in a patient with abnormal
MR results, destroyed myelin in the basal gan-
glia was suggested as the cause of the high
signal on T1-weighted images (15).
Among the 10 patients we studied, we believe

the basal ganglia hemorrhage can explain the
imaging findings in 9 cases. However, the MR
imaging abnormalities in the one patient who
had normal CT findings during the acute stage
of chorea cannot be easily explained by basal
ganglia hemorrhage. The abnormal MR signals
may be the result of destroyed myelin. Release
of lipids following a breakdown of the myelin
sheath in some vascular and metabolic brain
diseases can cause T1 and T2 shortening (30,
33, 34). However, we cannot exclude the pos-
sibility of the existence of some minute amount
of blood that escaped detection by CT. There-
fore, the imaging abnormalities may be attrib-
uted to petechial hemorrhage in the basal gan-
glia with some contribution of myelin
destruction caused by the disease process.
We found that the locations of lesions shown

on both MR images and CT scans correlated
well with the initial presentation of the chorea
(such as a right basal ganglia lesion with left
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extremity chorea, bilateral lesions with bilateral
chorea). In all our patients except one, hyperki-
nesia resolved dramatically after control of the
hyperglycemia. This illustrates that acute cho-
rea-ballismus caused by hyperglycemia is a
treatable disorder with a good prognosis. An-
other interesting but important clinical finding is
that all the patients reported in the literature, as
well as the patients in our study, had primary
diabetes mellitus. Indeed, even our four patients
who had no history of diabetes were found to
have primary diabetes mellitus during their hos-
pitalization. It is possible for a patient with cho-
rea-ballismus to have hyperglycemia at the ini-
tial presentation. The hyperglycemia could be
the result of either primary or coincidental sec-
ondary diabetes mellitus stemming from any of
a variety of diseases (16). A positive neuroim-
aging study should be an indication that the
hyperglycemia is most likely due to underlying
primary diabetes mellitus. The sequential neu-
roimaging findings in our patients also corre-
lated well with the clinical course; however, res-
olution of the lesions on the imaging studies was
slower than the clinical progress.
In conclusion, abnormal lesions in the basal

ganglia display gradual resolution following
treatment on follow-up CT and MR images.
SPECT scans show hypoperfusion. Pathologic
reports regarding chorea with hyperglycemia
are scanty and inconclusive, since hyperglyce-
mia is a treatable disease and most patients
survive. However, our neuroimaging findings in
this disease are noteworthy, and may shed light
on the underlying pathophysiologic changes of
this metabolic disorder.
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