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Abstract
Introduction Neuroimaging in seizures associated with
nonketotic hyperglycemia (NKH) is considered normal.
We report magnetic resonance imaging (MRI) abnormali-
ties in four patients with NKH and seizures.
Methods We prospectively evaluated clinical and radiolog-
ical abnormalities in four patients with NKH during the
period March 2004 to December 2005.
Results All patients presented with seizures, either simple
or complex partial seizures or epilepsia partialis continua.
Two of them had transient hemianopia. MRI showed
subcortical T2 hypointensity in the occipital white matter
and in or around the central sulcus (two patients each), T2
hyperintensity of the overlying cortex (two patients), focal
overlying cortical enhancement (three patients) and bilateral
striatal hyperintensity (one patient). Diffusion-weighted
imaging (DWI) performed in three patients showed restrict-
ed diffusion. The ictal semiology and electroencephalo-
graphic (EEG) findings correlated with the MRI
abnormalities. On clinical recovery, the subcortical T2
hypointensity and striatal hyperintensity reversed in all

patients. The initial cortical change evolved to FLAIR
hyperintensity suggestive of focal cortical gliosis. The
radiological differential diagnosis considered initially in-
cluded encephalitis, malignancy and hemorrhagic infarct
rendering a diagnostic dilemma.
Conclusion We identified subcortical T2 hypointensity
rather than hyperintensity as a characteristic feature of
seizures associated with NKH. Only very few similar
reports exist in literature. Reversible bilateral striatal T2
hyperintensity in NKH has not been reported to the best of
our knowledge.
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Introduction

Seizures are a common presenting manifestation in patients
in a nonketotic hyperglycemic (NKH) hyperosmolar state
[1]. Several transient changes in magnetic resonance
imaging (MRI) have been described following seizures [2,
3]. These brain parenchymal changes are typically hyper-
intense on T2-weighted (T2-W) and fluid attenuated
inversion recovery (FLAIR) images. Previous MRI studies
in seizures secondary to NKH are unremarkable [4, 5]. But
a few cases have been reported recently with focal changes
[6–8]. We report focal neuronal loss and reversible focal
subcortical T2 hypointensity on MRI in four patients with
NKH and seizures. We also attempted to characterize the
pathogenesis of this unusual finding.
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Materials and methods

Patients

This study was carried out in Sree Chitra Tirunal Institute
for Medical Sciences and Technology, which is a tertiary
referral center for neurological disorders in South India.
During a study of seizure-related reversible MRI changes
we identified one patient with NKH with seizures and
subcortical T2 hypointensity on MRI. Following this we
identified three patients with diabetic NKH and seizures
from among all hospitalizations for seizures during the
period 2004–2005 in this Institute. All of them had
characteristic MRI changes. Their clinical presentation,
and seizure characteristics at entry and follow-up were
studied in detail (Table 1).

Imaging

All patients were imaged using a 1.5-T magnet (Signa GE,
Milwaukee, Wis., on initial presentation in patient 1, and
Avanto Magnetom, Siemens, Germany, in all the others)
and were reviewed by a radiologist with special interest in
epilepsy (K.D.). The T1-weighted (T1-W), T2-W, proton
density (PD), FLAIR sequences and intravenous
(0.1 mmol/kg) gadolinium-enhanced studies were available
in all patients. Diffusion-weighted imaging (DWI) was
performed in three of the patients (Table 2).

Other investigations

A complete biochemical profile (serum blood sugar, serum
sodium and potassium, blood urea nitrogen and calculated
serum osmolality), hemogram, peripheral smear, renal and
liver function tests, urine ketone body estimation and

cerebrospinal fluid study were done in all patients. Visual
acuity was also tested and visual field charting (Goldman’s
perimetry) done in all patients.

Assessment of seizures

Two trained epileptologists (R.A and S.V.T) involved in the
study examined the patients to identify the type of seizure
(s) and the seizure burden. All the patients were subjected
to a 16-channel scalp electroencephalography (SEEG)
during the active phase and follow-up, a scalp-video EEG
(S-VEEG) was done to note the ictal onset as and when
required. The lobar localization of interictal epileptiform
abnormalities was noted and the ictal onset zone in S-
VEEG was also noted.

Follow-up

All four patients were followed-up until their symptoms
abated and/or their MRI abnormality resolved. A minimum of
1 year follow-up was available for all the patients. Their
diabetic status were reviewed and monitored during follow-
up. Treatment received during follow-up was also ascertained.

Results

Demographic and clinical characteristics

Clinical and demographic features and various laboratory
parameters are listed in Table 1. Of the four patients, two
were male and two female. Their ages ranged from 42 to
60 years (mean 50.5±8.4 years). All of them had seizures as
the initial manifestation except patient 1, in whom seizure
occurred 3 days following headache, vomiting, visual

Table 1 Demographic, clinical characteristics and laboratory parameters in four patients with NKH

Patient
no.

Age
(years)

Sex Duration
of
symptom
(days)

Types of seizures Other clinical features Blood
glucose
(mg/dl)

Serum
Na/K
(mEq/l)

BUN
(mg/
dl)

Serum
osmolality
(mOsm/l)

EEG/S-VEEG

1 42 F 10 Complex partial
seizures

Headache 324 142/4 19 317 Left parietotemporal
complex partial seizures
and spike wave
discharges

Vomiting
Visual hallucination
Right homonymous
hemianopia

2 60 F 15 Right focal motor
seizures (epilepsia
partialis continua)

Nil 550 130/4.5 10 303 Left centrotemporal spike
wave discharges

3 55 M 2 Left focal motor
seizures

Nil 434 135/4.8 14 308 Normal

4 45 M 1 Right focal motor
seizures

Right homonymous
hemianopia

314 140/3.5 21 312 Normal
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hallucination and acute right hemifield visual loss. In
addition to patient 1, another patient (patient 4) also had
hemianopia, which resolved completely later. Seizures were
simple/complex partial in all, with epilepsia partialis
continua in one patient (patient 2). Scalp and V-EEG

findings are shown in Table 1. All patients had long-
standing diabetes mellitus type 2. The associated metabolic
and biochemical abnormalities are also shown in Table 1.
The calculated serum osmolality ranged from 303–
317 mOsm/l. None of the patients had ketonuria.

Table 2 MRI and DWI characteristics of four patients with NKH at diagnosis and follow-up

Patient
no.

Initial MRI features DWI Follow-up MRI

1 Normal T1-W imaging Not available Mild left peritrigonal white matter volume loss
T2 subcortical hypointensity in left temporoparietooccipital
white matter

Striatal hyperintensities resolved (3-year
follow-up)

Normal contrast study
Bilateral striatal T2 hyperintensities

2 Normal T1-W imaging Restricted diffusion in
left motor strip

Gradual resolution of changes in MRI

T2 and FLAIR subcortical hypointensity in left motor strip Focal cortical gliosis in FLAIR at initial
cortical contrast enhancement (serial MRI
scans on 3rd, 5th and 25th day of ictus)

Focal overlying cortical contrast enhancement of same area
3 Multiple bilateral lacunes Restricted diffusion in

right motor region
Complete resolution of T2 hypointensity

Normal T1-W imaging Focal cortical gliosis in FLAIR initial CE
(3-week follow-up)

T2 and FLAIR subcortical hypointensity in right motor strip
Focal overlying cortical contrast enhancement of same area

4 Normal T1-W imaging Restricted diffusion in
left occipital region

Complete resolution of T2 hypointensity

Focal subcortical hypointensity in left occipital region with
overlying hyperintense cortex on T2-W and FLAIR imaging

Focal cortical gliosis in FLAIR initial cortical
contrast enhancement (6-week follow-up)

Focal cortical contrast enhancement of overlying cortex

Fig. 1 Axial brain MRI in
patient 1 during the acute phase
shows a normal T1-W image
after contrast agent administra-
tion (a) with subcortical hypo-
intensity in the left
temporoparietooccipital region
on the PD image (b) and T2-W
image (c, d). Bilateral striatal
hyperintensities are also well
seen (b). At the 3-year follow-
up, T2-W (e) and FLAIR images
(f) show resolution with mild
left peritrigonal white matter
volume loss
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Imaging characteristics

The various imaging abnormalities during the acute phase and
follow-up are shown in Table 2 and are detailed below. The
MRI abnormalities observed acutely were focal subcortical
hypointensities on T2-W, PD, FLAIR and gradient se-
quences in all patients (Figs. 1, 2, 3 and 4). Overlying
cortical gyral hyperintensities were noted in three patients

(Figs. 2, 3 and 4). T1-W sequences were normal. Focal
overlying cortical enhancement was observed in three
patients (Figs. 2, 3 and 4). DWI studies performed acutely
in three patients showed focal areas of restricted diffusion in
all (Figs. 2 and 4). On follow-up the subcortical hypointen-
sity disappeared in all patients. Subtle focal volume loss at
the site of initial subcortical hypointensity was noted in one
patient (Fig. 1). Focal overlying cortical changes evolved to

Fig. 2 Axial brain MRI in
patient 2 during ictus (a–e)
shows focal subcortical T2
hypointensity around the left
central sulcus on the T2-W and
FLAIR images (a, b) along with
focal contrast enhancement of
the overlying cortex (arrow) (c).
DWI and apparent diffusion
coefficient (ADC) map (d, e)
show an area of restricted diffu-
sion in the corresponding
regions (arrow). At the 25-day
follow-up, the T2-W image
shows near total resolution of
the subcortical hypointensity (f)

Fig. 3 Axial brain MRI in
patient 3, 2 days after a seizure
shows subtle subcortical hypo-
intensity on T2-W, PD and
gradient images (arrow) (a–c)
and overlying cortical enhance-
ment on the TI-W image (d) in
the right motor area. At the 21-
day follow-up the T2-W image
shows resolution of the subcor-
tical hypointensity (e). The
FLAIR image (f) shows residual
focal cortical hyperintensity in
the same area of earlier contrast
enhancement suggestive of
gliosis (arrow)

302 Neuroradiology (2007) 49:299–305



FLAIR hyperintensity suggestive of focal gliosis in all three
with this abnormality (Figs. 3 and 4). Bilateral striatal
hyperintensity was observed acutely in one patient (patient 1)
that had completely resolved on follow-up (Fig. 1).

Follow-up

Seizures were controlled in all patients with adequate
hydration and treatment of hyperglycemia. Only in one patient
(patient 1) were antiepileptic drugs initiated during hospital-
ization, which was stopped at discharge. Hemianopia reversed
completely in both the patients (patients 1 and 4).

Discussion

NKH is a relatively common complication of diabetes
mellitus type 2, especially in patients above 50 years of age.
The seizures are refractory to antiepileptic drugs and occur
in 15–40% of patients with NKH, and focal motor seizures
and epilepsia partialis continua are particularly common in
these patients [9, 10]. All four patients in this series
presented with focal seizures. Two of them had transient
hemianopia, which reversed completely. A reversible field
defect is another important clinical marker of NKH as
recently observed by various authors [7, 11, 12].

Previous imaging studies utilizing MRI in NKH have been
unremarkable [4, 5, 11–13]. There are several reports of T2
hyperintensity following seizures [2, 3]. However, all our
patients had T2 hypointensity which was focal and showed
good clinicoelectrographic correlation. A few recent studies

have also shown subcortical T2 hypointensity in seizures
with NKH [6–8]. However, these studies were retrospective,
unlike the present prospective study. Other clinical condi-
tions which could have evoked T2 hypointensities on MRI
(see Table 3), such as viral encephalitis, meningitis,
leptomeningeal metastasis, hemorrhagic infarct and hypoxia,
were appropriately ruled out in our series [14]. All these
conditions are usually associated with leptomeningeal
enhancement on MRI, which was lacking in our patients.
Subcortical hypointensity can also occur in chronic neuro-
logical diseases such as multiple sclerosis, Sturge-Weber
syndrome, tuberous sclerosis [15], hemimegalencephaly [16]
and moyamoya disease [17], but it seldom reverses in a short
time span. The other associated abnormalities noted along
with focal subcortical T2 hypointensity were cortical gyral
swelling (two patients) and striatal hyperintensity (one
patient), which also reversed completely.

Fig. 4 Axial brain MRI in
patient 4 shows subcortical
hypointensity in the left parie-
tooccipital region on T2-W and
FLAIR images (a, b). The T1-W
image after contrast agent ad-
ministration (c) shows enhance-
ment of the cortical region
(arrow) that is seen as hyperin-
tense on the FLAIR image (ar-
row). DWI and ADC map (d, e)
show restricted diffusion in the
corresponding area. The FLAIR
image (f) 6 weeks later shows
resolution of the subcortical
hypointensity with an area of
residual cortical hyperintensity
at the site of the initial cortical
enhancement (arrow)

Table 3 Different causes of subcortical T2 hypointensity

Characteristic Condition

Acute Viral encephalitis
Meningitis
Leptomeningeal metastasis
Hemorrhagic infarct
Hypoxic insult

Chronic Multiple sclerosis
Sturge-Weber syndrome
Moyamoya disease
Tuberous sclerosis
Hemimegalencephaly
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The precise pathogenesis of this transient subcortical
hypointensity remains uncertain. There was a close tempo-
ral relationship between seizures and MRI changes. The
complete resolution of the changes suggests a transient
physiological response to the seizures.

The DWI in three patients in this series showed restricted
diffusion that suggested ‘cytotoxic edema’. The focal
cytotoxic edema could be related to seizures, focal ischemia
or hyperviscosity [18]. Restricted diffusion has been
recently reported in seizures with NKH [7] and diabetic
ketoacidosis [19]. Animal studies have indicated subcortical
T2 hypointensity as a feature of early cortical ischemia
[20]. The occurrence of hypointensity on gradient images
suggests free radical accumulation as also indicated by
animal studies [21]. These subcortical changes were
transient, suggesting a reversible pathology. However, the
occurrence of residual FLAIR hyperintensity in the cortex
in these patients suggests a primary cortical pathology with
the subcortical changes reflecting a secondary abnormality.
One of the possible mechanisms could be subcortical
transient free radical accumulation due to excitotoxic
axonal damage during seizures.

The clinical features and the MRI changes were restricted
to occipital and adjoining areas in two of our patients. Other
recent studies have also shown a similar predilection [22].
Vasogenic edema and changes in posterior leukoencepha-
lopathy (PLE) also predominantly involves the occipital
lobes [23]. Several factors associated with longstanding
diabetes leads to altered cerebrovascular reactivity predis-
posing to the risk of development of PLE [24]. These
factors include sympathetic dysautonomia, endothelial
dysfunction and endothelial damage. Increased free radical
release has also been shown with PLE in diabetes.

One of our patients, in addition had symmetrical
reversible striatal T2 hyperintensities. Other conditions that
cause symmetrical basal ganglia lucencies such as dyselec-
trolytemia, coagulopathies, hypertensive encephalopathy,
hypoxia, toxins, and hepatic and renal dysfunction, were
excluded in this patient [25]. Unilateral basal ganglia T2
hyperintensities in NKH have been reported previously
[18], but no case of symmetrical reversible T2 hyperintense
in NKH has been reported to the best of our knowledge.

Conclusion

Patients with seizures in NKH may have transient MRI
abnormalities that are characterized by subcortical T2
hypointensity in addition to other more widely recognized
changes such as T2 hyperintensity and enhancement.
Recognition of this radiological abnormality in NKH,
especially in those patients with subtle clinical features, is
important in restricting unwarranted investigations and to

institute early therapy. These patients in general have a
good prognosis.
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of interest.
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