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Abstract

Focal neurological symptoms may provide the first clinical clue to the presence of nonketotic hy-
perglycemia (NKH) and sometimes unveil previously undiagnosed diabetes. We report two patients
with hemichorea-hemiballism (HC-HB) or partial motor seizures as the first manifestation of NKH. These
disorders are best treated with insulin and rehydration. The neurological symptoms generally resolve
with the correction of hyperglycemia. Antiepileptic treatment, especially phenytoin, is usually futile and
even aggravates hyperglycemia. The exact mechanisms of how NKH causes focal neurological symp-
toms are unknown. One hypothesis is related to the depletion of the inhibitory neurotransmitter gam-
ma-aminobutyric acid (GABA), which is metabolized in the brain as an energy source in NKH. The
deficiency of GABA in the basal ganglia may lead to HC-HB, while in the cerebral cortex it may lower
the seizure threshold. Another hypothesis involves transient focal cerebral ischemia caused by hyper-
glycemia. Therefore we should not overlook NKH as a cause of focal neurological symptoms. Rapid
recognition of their association will allow for prompt and correct treatment. ( J Intern Med Taiwan 2007;

18: 206-211)
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Introduction

In nonketotic hyperglycemia (NKH), hyper-
glycemia, hyperosmolality, and intracellular dehy-
dration occur without significant accumulation of ke-

toacids. It isusually observed in patients over age 50
with type 2 diabetes mellitus (type 2 DM). Patients
receiving certain drugs including diuretics, corticos-
teroids, beta-blockers, phenytoin, and diazoxide are
at increased risk of developing this syndrome'.

Correspondence and requests for reprints : Dr. Sheng-Feng Sung

Address : Division of Neurology, Chia-Yi Christian Hospital, 539 Chung-Shao Road, Chia-Yi City, 600 Taiwan, R.O.C.



Focal Neurological Symptoms as the Presenting Manifestations of Nonketotic Hyperglycemia : Report of Two Cases 207

Treatment requiresrehydration, low doseinsulin, and
reversal of any precipitating cause identified.

The severity of NKH can vary widely, ranging
from asymptomatic to severely symptomatic, such as
comaand even death. It frequently presentswith neu-
rological manifestations including delirium, partial
or generalized seizures, hemichorea-hemiballism,
dysphagia, hemianopsia, hemiparesis, and hemisen-
sory loss™. Recognition of the association of these
neurol ogical abnormalitiesand NKH isimportant be-
cause correction of the underlying hyperglycemia
will lead to rapid improvement.

Case Reports

Patient 1

A 75-year-old, previously neurologically nor-
mal, woman was admitted because of jerky and ir-
regular movementsin her left limbsfor oneweek. She
had difficulty carrying objectswith her left hand. She
could not control the movements but she attempted
to disguise the movements by incorporating themin-
to purposeful activities. Thejerksin her left leg were
not assevereasin her left hand. Shehad suffered from
type 2 DM for more than 20 years, which had been
controlledwith oral hypoglycemic agents. Shedenied

history of cerebrovascular disease, hypertension,
trauma, infection, or exposure to neuroleptic drugs.
There was no family history of movement disorders.

On admission, she had choreiform movements
involving the left face, left arm, and left leg. The
chorea was continuous and could not be suppressed
with voluntary effort, although it disappeared during
sleep. The neurological examination was not re-
markable except the involuntary movements. Initial
biochemical dataincluded serum glucose 584 mg/dl
without ketonuria; serum sodium concentration 144
mEg/I; serum potassium 3.72 mEg/l and serum blood
urea nitrogen (BUN) 26.2 mg/dl. The calculated
serum osmolality ( 2 x Na+ glucose/18 + BUN/2.8)
was 330 mOsm/I (285-295). The glycosylated
hemoglobin Ac was 15%.

A brain computed tomography (CT) performed
7 days after symptom onset showed high densitiesin
the right putamen (Fig. 1A). The brain magnetic re-
sonance imaging (MRI) showed alesion in the right
putamen with a high signal intensity on the T1-
weighted imagesand alow signal intensity onthe T2-
weighted images (Figs 1B and C). The magnetic res-
onance angiography did not disclose stenosis or oc-
clusion of the major intracranial arteries.

Fig.1.Neuroimaging studies of patient 1. The right putamen (arrowhead) was hyperdense on noncontrast CT (A).
Transaxial T1-weighted MRI (B) demonstrated increased signal intensity in the right putamen (arrows), which was
hypointense on T2-weighted images (C).
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Hyperglycemia was corrected by insulin thera-
py followed by treatment with oral hypoglycemic
agents. The chorea was continuously present al-
thoughthefrequency and theamplitudeof choreiform
movements decreased as the serum glucose ap-
proached normal levels. She was discharged on oral
hypoglycemics. A trial of haloperidol at doses of 0.5
mg three times per day diminished the severity of
chorea over the next 2 months. Then the chorea dis-
appeared.

Patient 2

A 59-year-old man presented with a4-day histo-
ry of episodic uncontrollable clonic jerks of the left
limbs. The movements began suddenly and ended in
5 to 10 minutes, followed by partia paralysisin his
left l[imbs. The muscle strength improved gradually
until another attack happened. There were at least 5
attacks before admission. He had a 4-year history of
type 2 DM but he had not received treatment in recent
months. He also had hypertension. He did not have a
history of cerebrovascular disease, head trauma, in-
fection, or brain tumors. He denied being alcohalic.

Ontheday of entry, hefell down the stairswhen
jerks of the left limbs occurred again. In the emer-
gency room, he was clear and had partial motor
seizures affecting his left arm and leg. Seizures

stopped following intravenous administration of 10
mg of diazepam. Intravenous phenytoin at 20 mg/kg
was given as loading dose, followed by 100 mg
every 8 hours. Onadmission, neurol ogical examination
showed left hemiparesis with decreased tone in the
left extremities. A right hemisphere lesion was sus-
pected but CT and MRI studies of head were not re-
markable (Fig. 2). Thelevel of blood glucosewas 387
mg/dl and glycosylated hemoglobin Ac was 13.9%.
No ketones were detected in his urine or blood. The
serum sodium concentration was 137 mEg/l; serum
potassium 4.09 mEq/I; serum calcium 10.2 mg/dl and
serum blood urea nitrogen 11.4 mg/dl. The measured
serum osmolality was 306 mOsm/I.

Insulin therapy was started to correct hyper-
glycemiaand thelevel of blood glucose was between
399 mg/dl and 249 mg/dl in the first two days. Even
though the serum level of phenytoin (19.03 «g/ml)
was maintained in the therapeutic range (10-20
«g/ml), the partial motor seizures still occurred 3
and 5 times on the first and second hospital day, re-
spectively. Each episode lasted from about 30 se-
conds to 2 minutes. Asblood glucosefell below 200
ng/dl on the third day, the seizures resolved.
Neurol ogical examination returned normal 4 days af -
ter admission. Then phenytoin was discontinued.

Fig.2.Brain MRI of patient 2 performed one week after the onset of symptoms revealed symmetric periventricular high
signal areas and several small hyperintense lesions in the deep white matter of bilateral cerebral hemispheres,
which might reflect nonspecific ischemic changes.
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Subsequently, he was discharged on oral hypo-
glycemic agents.

Discussion

Ballism means irregular, coarse, jerky, flinging
movements due to contraction of proximal limb mus-
cles. Choreaconsists of similar but more continuous,
random, jerking movements restricted to distal mus-
cles. When these movements are confined to one side
of the body, i.e. hemichorea-hemiballism (HC-HB),
lesions in the contralateral subthalamic nucleus and
pallidosubthalamic pathways are usually present.
Stroke is the commonest pathologic process. The
differential diagnosis includes any focd lesion located
generally in basal-ganglia structures, such as neo-
plasms, vascular malformations, tuberculomas, and
demyelinating plagues. Occasionally, asystemic dis-
order such as thyrotoxicosis, systemic lupus erythe-
matosus, human immunodeficiency virus infection,
and NKH causes HC-HB *°.

HC-HB with NKH tendsto occur in elderly peo-
ple with afemale predominance. Most reported cas-
es are in people of East Asian origin, which suggest
apossible genetic disposition to the disorder °. There
have been a few reports regarding cases of HC-HB
with NKH in Taiwan, with the similar clinical and
neuroimaging characteristics*°. HC-HB generally
disappears within hours after correction of hyper-
glycemia. However, somepatientshave persistingin-
voluntary movements for longer than 3 months, al-
though these movements are much milder than at
presentation®.

Neuroimaging findings in NKH-related neuro-
logical disorders are varied. In those with HC-HB,
the imaging abnormalities include increased densi-
tieson CT and hyperintense lesions on T1-weighted
MRI in the contralateral basal ganglia®**". These le-
sionsgenerally resolvewithinafew months, although
there has been a case of persistent striatal hyperin-
tensity on T1-weighted MRI for up to 6 years®. In pa-
tients with seizures and NKH, the cerebral imaging

isusually normal **°, However, partial seizuresper se
may occasionally result in transient gray and white
matter MRI signal changes, thereby complicatingim-
ageinterpretation. The imaging findings of patient 1
were consistent with those in the previous reports of
HC-HB with NKH. In patient 2, the CT and MRI
findings were not remarkabl e and thus ruled out oth-
er possibilities that might provoke partial seizures.

Onset of partial seizuresusually suggestsan un-
derlying structural lesion in the brain, such as cere-
bral neoplasm, cerebrovascular disease, encephalitis,
or abscess. Partial seizures also occur in metabolic
disorders, such as NKH with or without associated
hyperosmolality
19% had partial motor seizures™. They usually occur
in patients 50 yearsor older and frequently reveal un-
diagnosed diabetes”. Partial seizures associated with
NKH arerefractory to antiepil eptic drugsand respond
best to insulin and rehydration*****. Antiepileptic
treatment, especially phenytoin, islikely to aggravate
seizures™. In patient 2, there has been even more
seizures after the use of phenytoin until the correc-
tion of hyperglycemia. It isprobably dueto the effect
of phenytoin oninhibition of insulin secretion, which
may well worsen hyperglycemia™.

The pathophysiology of partial seizure or HC-
HB in NKH remains speculative. It is probably mul-
tifactorial and hyperglycemiais undoubtedly one of
the factors. One hypothesisis related to the lowered
threshold for seizure or dysfunction of the basal gan-
gliadue to a deficiency of the inhibitory neurotrans-
mitter gamma-aminobutyric acid (GABA) **"*,
During hyperglycemic crisis the activity of tircar-
boxylic acid cycle (Krebs cycle) and glucose utiliza-
tion are depressed in the brain, so the cerebral
metabolism shifts to alternative pathways. In ke-
toacidosis, ketones are used as an energy source and
GABA can beresynthesized. As aresult, HC-HB or
partial seizuresrarely occur with diabetic ketoacido-
sis. Whilein NKH, the brain metabolizes GABA in-
to succinic acid via the succinic acid semialdehyde

12,14

. Inareview of 158 cases of NKH



210 S.F. Sung, and C. H. Lu

pathway and thusdepletesGABA rapidly™. However,
the fact that the involuntary movements and the sig-
nal changes on MRI in cases of HC-HB may persist
well beyond the episode of hyperglycemia speaks
against this hypothesis as the only explanation.
Another hypothesis involves transient focal
cerebral ischemiacaused by hyperglycemia. Cerebral
hypoperfusion may result from an increase in cere-
brovascular resistance due to the higher brain water
content during hyperglycemiaor to aloss of flow reg-
ulation caused by impaired metabolism®. Reversible
focal ischemia, which does not result in an obvious
cerebral lesion, may play arole in the pathogenesis
of partial seizures and hence explain the postictal
deficit observed™. Consequently cerebral imaging is
usually normal in patients with NKH-related partial
seizures. On the contrary, a hyperintense putamen on
T1-weighted MRI iscommonly foundin HC-HB with
NKH and may represent an incomplete ischemic in-
jury whichisinsufficient to causeinfarction. Thesim-
ilar MRI findings have been reproduced inratsby 15-
minute occlusion of the middle cerebral artery. The
hyperintensity on MRI histologically corresponds to
selectiveneuronal death and gliosiswith preservation
of the macroscopic structure of the brain that appear
after brief ischemia™. These microscopic lesionsmay
offer an explanation why HC-HB sometimes outlast
the period of hyperglycemia, as seen in patient 1.
Knowing or considering that focal neurological
symptoms may occur with NKH, in particular in a
middle aged to elderly patient, is very important for
early diagnosis and institution of appropriate thera-
py. Italso hel psavoid unnecessary etiol ogical workup
and prevent progression of NKH to a state of hyper-
osmolar comawith its coincident higher mortality.

References

1.Levine SN, Sanson TH. Treatment of hyperglycaemic hyperos-
molar non-ketotic syndrome. Drugs 1989; 38: 462-72.

2.Windebank AJ, McEvoy KM. Diabetes and the nervous system.
In: Aminoff MJ, eds. Neurology and General Medicine: The
Neurological Aspect of Medical Disorders. 2nd ed. New York:

Churchill Livingstone 1995; 349-81.
3.Stahlman GC, Auerbach PS, Strickland WG. Neurological man-
ifestations of non-ketotic hyperglycemia. J Tennessee Med
Assoc 1988; 81: 77-80.
4.Lavin PJ. Hyperglycemic hemianopia: areversiblecomplication
of non-ketotic hyperglycemia. Neurology 2005; 65: 616-9.
5.Lee EJ, Choi JY, Lee SH, Song SY, Lee YS. Hemichorea-
hemiballism in primary diabetic patients: MR correlation. J
Comput Assist Tomogr 2002; 26: 905-11.
6.Postuma RB, Lang AE. Hemiballism: revisiting aclassic disor-
der. Lancet Neurol 2003; 2: 661-8.
7.Lin 3], Chang MK. Hemiballism-hemichorea and non-ketotic hy-
perglycaemia. JNeurol Neurosurg Psychiatry 1994; 57: 748-50.
8.Shan DE, Ho DM, Chang C, Pan HC, Teng MM. Hemichorea-
hemiballism: an explanation for MR signal changes. AINR Am
JNeuroradiol 1998; 19: 863-70.
9.Lai PH, Tien RD, Chang MH, et al. Chorea-ballismus with non-
ketotic hyperglycemiain primary diabetes mellitus. AJNR Am
JNeuroradiol 1996; 17: 1057-64.
10.Lin JJ, Lin GY, Shih C, Shen WC. Presentation of striatal hyper-
intensity on T1-weighted MRI in pati entswith hemiballism-hemi-
choreacaused by non-ketotic hyperglycemia: report of seven new
cases and areview of literature. J Neurol 2001; 248: 750-5.
11.0h SH, Lee KY, Im JH, Lee MS. Chorea associated with non-
ketotic hyperglycemia and hyperintensity basal ganglia lesion
on T1-weighted brain MRI study: a meta-analysis of 53 cases
including four present cases. JNeurol Sci 2002; 200: 57-62.
12.Scherer C. Seizuresand non-ketotic hyperglycemia. Presse Med
2005; 34: 1084-6. [In French]
13.Tiamkao S, Pratipanawatr T, Tiamkao S, et a. Seizuresin non-
ketotic hyperglycaemia. Seizure 2003; 12: 409-10.
14.Brick JF, Gutrecht JA, Ringel RA. Reflex epilepsy and nonke-
totic hyperglycemia in the elderly: a specific neuroendocrine
syndrome. Neurology 1989; 39: 394-9.
15.Loeb IN. Thehyperosmolar state. N Engl IMed 1974; 290: 1184-
7.
16.Hennis A, Corbin D, Fraser H. Focal seizuresand non-ketotic hy-
perglycaemia. JNeurol Neurosurg Psychiatry 1992; 55:195-7.
17.Harden CL, Rosenbaum DH, Daras M. Hyperglycemia present-
ing with occipital seizures. Epilepsia 1991; 32: 215-20.
18.Carter BL, Small RE, Mandel MD, Starkman MT. Phenytoin-
induced hyperglycemia. Am JHosp Pharm 1981; 38: 1508-12.
19.Guisado R, Arieff Al. Neurologic manifestations of diabetic co-
mas: correlation with biochemical alterations in the brain.
Metabolism 1975; 24: 665-79.
20.Duckrow RB, Beard DC, Brennan RW. Regional cerebral blood
flow decreases during hyperglycemia. Ann Neurol 1985; 17:
267-72.
21.FujiokaM, Taoka T, Matsuo Y, Hiramatsu K1, Sakaki T. Novel
brain ischemic change on MRI. Delayed ischemic hyperinten-
sity on T1-weighted images and selective neuronal death in the
caudoputamen of rats after brief focal ischemia. Stroke 1999;
30: 1043-6.



Focal Neurological Symptoms as the Presenting Manifestations of Nonketotic Hyperglycemia : Report of Two Cases

JEERPE 3 fe b VA By SR AP B IE IR B I &R, ¢
=R R

ERREREER A T AS FR KA

T

Fy BRAY IR IE R TT AL B JEAR M 3 et B R T R AR MB AR BT B TR
BAZT B Jo 0948 FoFm o RATIRS R IR M & td B4 » — A — RIS RRE » 5 —
LB RABMGEGUINIE - SLRBRENEEREREEZRAANE R ToEizalz
B EARE TG R ZERA IR RE YR EE FRN S g A2 g o AR
%A (phenytoin) » ¥ &% > 2R aIEE ot F o BTIEFMF 0iE g3 80504085
ko REABTRA s F—BEEE A EFREZ bk > KR 4UKH S AL T &% (Gamma:
aminobutyricacid - & #% GABA) k42 46 F » GABA AN 3 691E B & ke i igid EapH »
HGABA #AR#EM T L » ERRALE AL FRE » ERMETRELEHE - HIA—1R
WAL S BT R M e REET L Y Bk e Hm &L R FTIAR
3] B R At R AR L I B AR JE e B ek 38R B Beak a9 BB L Akds 5]
SEBE B S o

211



