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Abstract
Nonketotic hyperglycemia (NKH) is a rare but serious complication of uncontrolled diabetes mellitus that
occurs acutely with a mortality rate of more than 50%. This condition presents with a clinical syndrome
consisting of profound hyperglycemia, hyperosmolality, and dehydration. Infrequently, the patients also
present with seizure activity. The most common types of seizures observed in this condition are focal
seizures, as opposed to the generalized seizures observed in hypoglycemia-induced seizures. Though
various hypotheses tried to explain NKH-induced seizure activity, the actual mechanism remains unknown.
The treatment modalities include the management of hyperglycemia and circulatory collapse. However, the
role of anti-epileptics is controversial. We herein illustrate an atypical case of focal faciobrachial seizures in
a young female patient, which occurred as a rare complication of NKH.

A 21-year-old female was admitted with multiple jerking and spasmodic movements of the right upper limb
and face, with no significant neurological findings. Past medical history was significant for uncontrolled
type 2 diabetes mellitus and multiple episodes of focal seizures. On laboratory examination, serum
osmolarity was 309 mOsm/L, blood glucose was 364 mg/dL, HbA1c was 12.1%, and ketone bodies were
absent. MRI brain showed large subtle T2 FLAIR (T2-weighted fluid-attenuated inversion recovery) cortical
hyperintensities in the left frontal, temporal, parietal, and occipital regions with subcortical hypointense
areas. The EEG illustrated a background slowing and generalized spikes, polyspikes, and sharp-wave
discharges with post-ictal slowing. The patient's seizures were initially refractory to insulin therapy and
resolved with the use of dual anti-epileptics.

Thus, to conclude, our case represents a diagnostic dilemma with MRI findings pointing towards NKH as the
underlying etiology of focal seizures, with the resolution of seizures only occurring with the addition of
anti-epileptics to insulin therapy.
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Introduction
Diabetes mellitus can cause many neurological complications such as peripheral neuropathy, autonomic
neuropathy, neuropathic osteoarthropathy, and encephalopathy. Hyperglycemic seizures are considered one
of the most dangerous neurological complications of diabetes mellitus (both type I and type II) [1,2].
Seizures due to nonketotic hyperglycemia (NKH) are more often seen in people >50 years of age and are
relatively rare in young adults and children. It has a female-to-male ratio of 1.33:1 [3]. Hyperglycemic
seizures represent a clinical condition with high blood glucose levels, normal or increased serum osmolality,
and negative urine ketone bodies [4]. However, hyperglycemia is not the only causative factor for seizures.
Factors such as genetic predisposition, hydration status, comorbidities, and other health conditions also play
a role [5]. Management of hyperglycemia is the most important initial step. The role of anti-epileptics in the
management of hyperglycemic seizures is unclear [4]. 

We present a case of focal seizures as a rare complication of NKH, which was refractory to anti-
hyperglycemic treatment, but the seizures subsided with anti-epileptics.

Case Presentation
A 21-year-old right-hand-dominant female with a history of uncontrolled type 2 diabetes mellitus presented
to the emergency department with multiple episodes (>10) of jerking and spasmodic movements of the right
upper limb and right side of the face lasting approximately 1 minute, which started the previous day. These
movements were associated with tongue biting and involuntary passage of urine. She remained confused for
about 5 minutes after each episode before regaining consciousness. History was negative for nausea,
vomiting, fever, headache, loss of consciousness, and sensory and vision changes. 
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She was diagnosed with type 2 diabetes mellitus about one year ago and was using metformin 500 mg and
glimepiride 1 mg. She had many similar seizure episodes in the past 10 months. The patient’s history
suggests a non-compliance with her medications. She had no known neurological abnormalities.

On physical examination, she was alert, conscious, and well oriented to time, place, and person. Her speech
was incoherent. Her Glasgow Coma Scale (GCS) was E4V4M6. Kernig's and Brudzinski's signs were negative.

Cranial nerve, motor, and sensory examinations were normal. Vitals were stable. Multiple brief episodes of
right-sided focal faciobrachial seizures were observed after admission.

Investigations at admission showed a blood glucose of 364 mg/dL (normal range: 80-140 mg/dL) and serum
osmolarity was 309 mOsm/L (normal range: 285-295 mOsm/L). Ketone bodies were absent. Her HbA1C was
12.1% (good diabetic control range: 6.1-7%). Electrolytes such as serum electrolytes were within normal
limits. Her blood urea nitrogen level was 16 mg/dL (normal range: 8-21 mg/dL) and serum creatinine was 0.6
mg/dL (normal range: 0.5-1.1 mg/dL). The viral markers for HIV, hepatitis B, and hepatitis C were negative.

An immediate intravenous infusion of regular insulin was started as per the standard guidelines, which was
later substituted with subcutaneous insulin. Non-contrast computed tomography (CT) scan of the brain was
normal. The seizures were not controlled at this point and kept frequently occurring, with each episode
lasting approximately a minute.

The patient developed a terminal neck stiffness the next day. Cerebrospinal fluid (CSF) analysis was ordered
to rule out meningitis, and it showed clear fluid and absence of xanthochromia. The total WBC count was 3

cells/mm3 (normal range: 0-5 cells/mm3). The differential count was 100% lymphocytes and 0% PMNs
(polymorphonuclear leukocytes). CSF glucose level was 72 mg/dL (normal range: 30-90 mg/dL) and CSF
protein was 31 mg/dL (normal range: 15-45 mg/dL).

Since the seizure activity did not abate with insulin therapy even after normalizing the glucose levels, anti-
epileptics were considered. The patient received an oral dose of carbamazepine (200 mg). The number of
subsequent seizure episodes reduced but was not completely terminated. Hence, a second anti-epileptic,
oral clobazam (10 mg once daily), was added. The seizures were finally controlled after 72 hours, and the
patient remained seizure-free thereafter. 

Magnetic resonance imaging (MRI) of the brain showed large subtle T2-FLAIR (T2-weighted fluid-attenuated
inversion recovery) cortical hyperintensities in the left frontal, temporal, occipital, and parietal regions with
subcortical hypointense areas (Figure 1). The electroencephalography (EEG) showed a background slowing
and generalized spikes, polyspikes, and sharp-wave discharges with post-ictal slowing (Figure 2).
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FIGURE 1: MRI of the brain: T2-FLAIR sequence
The T2-FLAIR image of the patient is shown. The red arrow indicates subcortical hypointensity, and the
yellow arrow points to the overlying cortical hyperintensity, which are the classical MRI findings to be
expected in NKH-induced seizures.

NKH, nonketotic hyperglycemia; T2-FLAIR, T2-weighted fluid-attenuated inversion recovery
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FIGURE 2: Awake EEG of the patient
The awake EEG of the patient showing generalized spikes, polyspikes, and sharp-wave discharges, with
post-ictal slowing. This may be due to the secondary generalization of the seizure.

EEG, electroencephalography

After seven days of admission, she was discharged as she was stable on the same treatment regime, and no
additional seizure episodes were observed. The patient received counseling on medication compliance, and
regular follow-ups were scheduled.

Discussion
Diabetes and prediabetes affect more than 100 million adults living in the United States [6]. It is estimated
that the deranged blood glucose levels occurring in diabetes have been associated with various chronic
neurological complications that start as sensory and motor neuropathy or dysautonomia [7] and progress
into cognitive dysfunction, dementia, or depression. Acute complications such as nausea, vomiting,
dysphagia, headaches, strokes, loss of consciousness, and seizures occur frequently. Among them, seizures
are known to have high rates of morbidity and mortality [8-10]. Hence, focusing on the early recognition of
the presenting type of seizures, its cause and treatment are of utmost importance in light of the near future
estimation that by 2050, one in three Americans will meet the diagnostic criteria for diabetes and
prediabetes based on the blood sugar levels [11,12].

Around 25% of diabetic patients experience seizures and are frequently related to the electrolyte (mainly
sodium and potassium) and osmolality disturbances such as uremia and ketoacidosis. Multiple other
mechanisms such as local brain damage, microvascular lesions in the brain, metabolic factors, and gene
mutations also contribute to this condition [13,14]. Various factors such as infection, surgery, dialysis, tube
feedings, and stress are a few known precipitating causes of the event. The absence of any such factors poses
a challenging question in our case [15].

The literature suggests that NKH is a rare cause of seizures in diabetics compared to the more frequently
occurring ketoacidosis-induced seizures [16]. NKH-induced seizures are known to occur in adults for more
than 50 years. The occurrence in younger patients has been reported in very scant numbers [17]. Here we
presented such a case of NKH-induced seizures in a 21-year-old female patient.

NKH can be differentiated by their characteristic of being focal in nature as compared to the more
generalized appearance of hypoglycemia-induced seizures [18]. Identifying such subtle differences in
diagnosing NKH is a key to the early treatment of the condition considering its refractory nature to the
treatment with the traditional anti-epileptic therapy. However, it is more challenging to manage a patient
with an atypical presentation like our patient, who presented with focal seizures with secondary
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generalization. In such cases, all measures, such as a trial of anti-epileptics, are necessary to terminate the
seizures, which have grave outcomes if untreated [2,18].

The diagnosis of NKH entails the need for imaging modalities such as CT scan or MRI. Typical imaging
results such as focal subcortical T2 hypointensity in the cerebral hemispheres, gyral swelling, contrast
retention in the surrounding meninges, and diffusion restriction clarify the diagnosis and aid in managing
an NKH condition [19]. However, our patient's clinical picture poses a diagnostic dilemma in light of a
similar history of focal seizures. Features of seizures related to a seizure disorder and seizures related to
diabetes are key differentials that needed to be clearly distinguished, owing to the different treatment goals.
In a nonketotic state with imaging evidence pointing toward NKH, our treatment focused on treating the
cause, i.e., hyperglycemia. However, the typical nature of NKH-induced seizures being refractory to the
traditional anti-epileptics achieved stability in our case only after the initiation of dual anti-epileptic
therapy. We believe that a previous history of similar episodes could be a sign of impending NKH-induced
seizure activity. Though several causes such as local brain damage, microvascular brain lesions, immunity-
related issues, gene mutations, and metabolic factors have been suggested for NKH-induced seizures, more
research is warranted to clarify the mechanisms that lead to such atypical presentations, as seen in our
patient [13].

Conclusions
Hyperglycemia remains one of the least common causes of seizures to this day. The presence of high blood
glucose, absence of Ketone bodies in urine, and normal serum osmolality are the most common findings.
Some patients may not even have a history of diabetes mellitus. Although various hypotheses try to explain
the cause of NKH-induced seizures, the exact mechanism of these seizures is unknown. Brain MRI and EEG
are the most valuable diagnostic options. It is believed that the mainstay of treatment depends on
normalizing glucose levels rather than anti-epileptics. However, in our case, the addition of dual anti-
epileptic therapy terminated the seizures, which were uncontrolled even after achieving satisfactory
glycemic control with insulin. As there is a lot to be studied about the pathogenesis and the different
treatment options for NKH-induced seizures, further research into this condition is warranted.
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