
ABSTRACT

Neonatal diabetes mellitus (NDM) is a rare disease that occurs at less than 6 months 

of age and is presumably caused by a mutation in the gene that affects pancreatic 

beta-cell function. Approximately 80% of NDM cases reveal a known genetic muta

tion, and mutations in potassium inwardly rectifying channel subfamily J member 

11 (KCNJ11) and ABCC8 affecting the pancreatic beta-cell adenosine triphosphate-

sensitive potassium channel may be treated with oral sulfonylurea. Early recognition 

of mutations in KCNJ11 and ABCC8 is important because early administration of 

sulfonylurea can not only control blood glucose levels but also improve neurode

velopmental outcomes. In the present study, we report a case of NDM that initially 

presented as diabetic ketoacidosis at the age of 1 month, accompanied by seizures 

during hospitalization. After confirmation of the KCNJ11 gene mutation (c.989A>C), 

we started administering oral sulfonylurea (glimepiride) at the age of 2 months. After 

gradually increasing the dosage of glimepiride, insulin was discontinued at the age 

of 3 months. To date, the infant’s blood glucose levels have been well controlled with

out significant hypoglycemic events. No further episodes of seizures have occurred, 

and his developmental status is favorable.
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INTRODUCTION

Neonatal diabetes mellitus (NDM) is defined as the presence of persistent hyperglycemia 

within the first 6 months of life. It often occurs at less than 6 months of age; however, it may 

also occur up to 12 months of age. It is presumably caused by a mutation in the gene that 

affects pancreatic beta-cell function. NDM occurs in approximately 1 in 90,000 to 160,000 

live births1,2). Approximately 80% of NDM cases are known to present a genetic mutation3). 

Mutations in potassium inwardly rectifying channel subfamily J member 11 (KCNJ11) and 

affecting the pancreatic beta-cell adenosine triphosphate-sensitive potassium (K-ATP) 
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channel (ABCC8) may be treated with oral sulfonylurea and may 

account for approximately 40% of NDM cases. Early recognition 

of mutations in KCNJ11 and ABCC8 via genetic testing is 

important so that sulfonylurea can be administered to control 

the blood glucose levels and improve neurodevelopmental 

outcomes4).

Herein, we report a case of NDM that initially presented as dia

betic ketoacidosis (DKA) and seizures, confirmed by the KCNJ11 

gene mutation. After genetic confirmation, the patient was suc

cessfully treated with oral sulfonylurea.

CASE REPORT

A 34-day-old boy was admitted to the neonatal intensive care 

unit with fever, diarrhea, and vomiting. He was born at 40 weeks 

and 2 days of gestation and was delivered by cesarean section 

with a birth weight of 3,380 g. Initial vital signs revealed a blood 

pressure of 89/42 mm Hg, pulse rate of 148 beats/min, respiratory 

rate of 30 breaths/min, and body temperature of 38.2°C. His body 

weight was 4.2 kg (25th to 50th percentile of growth curve). Upon 

examination, his mental status was alert without focal neurologic 

deficits; however, his general activity was decreased. His anterior 

fontanelle was isotense; however, skin mottling was observed on 

the whole body, and his tongue was dehydrated. His breathing 

sounds were clear, and his abdomen was soft. The results of initial 

laboratory test were as follows: whole blood glucose, 740 mg/

dL; pH, 7.16; partial pressure of CO2, 21.0 mm Hg; bicarbonate, 

7.6 mmol/L; base excess, −18.6 mmol/L, sodium, 141 mmol/L; 

potassium, 6.8 mmol/L; chloride, 103 mmol/L; beta hydroxybu

tyrate, 3.5 mmol/L (reference range, 0 to 0.6); C-peptide, 0.49 ng/

mL (reference range, 1.06 to 3.53); insulin, 4.0 μIU/mL (reference 

range, 1.1 to 11.6); urine glucose, 3+; urine ketone, 3+. Microbio

logic evaluations, including blood culture, cerebrospinal fluid 

culture, norovirus antigen, rotavirus antigen, and respiratory virus 

polymerase chain reaction, were all negative.

Massive fluid resuscitation was performed, and regular insulin 

was administered via continuous infusion. Blood glucose gradu

ally decreased to 420 mg/dL on the second day of hospitalization. 

After the third day of hospitalization, blood glucose was main

tained in the range of 150 to 330 mg/dL. During the first and 

second days of hospitalization, he presented with generalized 

tonic-clonic seizures; hence, we administered intravenous phe

nobarbital. At that time, no hypoglycemia or electrolyte imbalance 

was observed. Electroencephalography revealed ictal waves in 

the left hemisphere; however, brain ultrasonography revealed 

no structural abnormalities. After the dehydration improved and 

blood glucose levels were controlled, continuous infusion of in

sulin was tapered, and subcutaneous intermediate-acting insulin 

(neutral protamine Hagedorn) was administered.

To differentiate type 1 diabetes mellitus (DM), we tested insulin 

autoantibodies, pancreatic islet cell antibodies, and anti-glutamic 

acid decarboxylase II antibodies; all these tests revealed negative 

results. Abdominal ultrasonography revealed no abnormalities 

in the pancreatic structure. The pancreatic elastase level in the 

stool, reflecting the exocrine function of the pancreas, was within 

normal limits. To diagnose genetic neonatal diabetes, we tested 

the chromosomal microarray for 6q24 anomalies and performed 

a KCNJ11/ABCC8 gene analysis. Direct sequencing of the KCNJ11 

gene, encoding the Kir6.2 subunit of the K-ATP channel, con

firmed the presence of a mutation (c.989A>C) (Figure 1). ABCC8 

mutation was not detected, and no microdeletion or duplication 

was observed on the chromosome microarray.

After confirmation of the KCNJ11 mutation, we started admini

stering 0.1 mg/kg/day oral sulfonylurea (glimepiride) and gradu

ally increased the dosage, thereby tapering the insulin dosage. 

Before initiating the sulfonylurea therapy, his daily insulin re

quirement was up to 1.58 U/kg/day. After 37 days, 1.06 mg/kg/

Figure 1. Direct sequencing of the potassium inwardly rectifying channel subfamily J member 11 
(KCNJ11) gene revealed a heterozygous mutation of c.989A>C (p.Tyr330Ser).
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day glimepiride was administered and insulin was discontinued. 

Even after discontinuing insulin injection, his blood glucose level 

was well controlled and glimepiride requirement gradually de

creased, with the C-peptide level maintained in the normal range 

(Figure 2).

The patient is now 15 months old, with a body weight of 11.7 kg 

(90 percentile of the growth curve). He can walk alone, perform 

the pincer grasp, and follow simple commands. His blood glucose 

level was well controlled, without significant hypoglycemic 

events. His current glimepiride dosage is 0.1 mg/kg/day, which is 

significantly lower than the usual maintenance dose of glimepi

ride (0.3 to 0.8 mg/kg/day). To date, no further episodes of seizures 

have occurred.

DISCUSSION

DM diagnosed after 6 months of age is most likely to be type 1 

DM with an autoimmune cause. In contrast, in NDM, more than 

80% of the cases are caused by genetic mutations3). It is essential 

to detect genetic mutations in patients with NDM for appropriate 

treatment options and to predict the disease prognosis. In a large 

international cohort study, 93% of patients with the KCNJ11 mu

tation maintained excellent glycemic control with sulfonylurea 

for a long-term period5). The most important factor affecting sul

fonylurea responsiveness is the age at which sulfonylurea treat

ment is administered. In a mouse model, chronic hyperglycemia 

is known to impair beta-cell function and reduce beta-cell mass6). 

Therefore, if diagnosed early, the patient’s beta-cells would be 

well preserved because it has been exposed to chronic hypergly

cemia for a shorter period, and it could respond to sulfonylurea7). 

This result emphasizes the importance of early genetic diagnosis 

of KCNJ11-related neonatal diabetes. Mutated K-ATP channels 

are also expressed in neural tissues and cause neurological mani

festations, such as developmental delays and epilepsy, which is 

known as the developmental delay, epilepsy, and neonatal dia

betes (DEND) syndrome. Sulfonylurea treatment has been shown 

to be effective in improving neurological manifestations of the 

DEND syndrome4).

Sulfonylurea treatment is well tolerated by most patients be

cause of its mild side effects. Common side effects of sulfonylureas 

include hypoglycemia and digestive problems (diarrhea and 

nausea). Most side effects are known to be mild and have never 

interrupted treatment8). Hypoglycemia was reported monthly or 

less frequently in most patients, and hypoglycemic episodes did 

not provoke seizures or unconsciousness9).

By far, in South Korea, a total of six cases of NDM due to the 

KCNJ11 mutation have been reported. The mean age at diagnosis 

of diabetes was 6.5 weeks (range, 3 to 9) and the mean age of in

itiating sulfonylurea treatment was 8.5 years (range, 0.3 to 18)10-14). 

Of these six patients, the five cases in which sulfonylurea treatment 

was initiated at a younger age, that is from 0.3 to 17 years, were suc

cessfully switched from insulin to sulfonylurea treatment. One 

patient who received sulfonylurea treatment at 18 years failed 

to switch from insulin to sulfonylurea11). In the present case, the 

patient presented with severe DKA and seizures, raising concerns 

Age (mo)

C
-p

ep
tid

e 
(n

g/
m

L) Insulin (unit/kg/day)
G

lim
epiride (m

g/kg/day)

Insulin Glimepiride C-peptide

Figure 2. The clinical course of the present case. After initiation of sulfonylurea treatment, 
insulin was discontinued and the C- peptide level was maintained in the normal range. 
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