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literature review
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INTRODUCTION

Hyperinsulinemic hypoglycemia (HH) includes a diverse group of disorders characterized by 
dysregulated insulin secretion, exhibiting clinical, genetic, and morphological heterogeneity. It 
is associated with permanent brain damage due to recurrent hypoglycemic episodes. Hence, a 
timely diagnosis and prompt management are essential to safeguard against complications such as 
epilepsy, cerebral palsy, and neurodevelopmental deficits.[1] We report the challenges faced in the 
management of HH in a preterm neonate.

CASE REPORT

A very preterm 31 weeks baby girl was delivered vaginally due to preterm onset of labor with preterm 
premature rupture of membranes with a birth weight of 2970 g (all growth parameters >97th centile). 

ABSTRACT
Hyperinsulinemic hypoglycemia (HH) includes a diverse group of disorders characterized by dysregulated insulin 
secretion, exhibiting clinical, genetic, and morphological heterogeneity. It is associated with permanent brain damage. 
Hence, a timely diagnosis and prompt management are essential to safeguard against complications such as epilepsy, 
cerebral palsy, and neurodevelopmental deficits. We report the challenges faced in the management of HH in a 
preterm neonate. A baby girl was born to a G2A1 mother at 31 weeks of gestation due to preterm onset of labor with 
premature rupture of membranes. The baby had persistent and refractory hypoglycemia requiring oral and parenteral 
medications such as diazoxide, hydrochlorothiazide, hydrocortisone, nifedipine, glucagon infusion, and subcutaneous 
octreotide. Genetic testing unveiled a homozygous pathogenic mutation of the ABCC8 gene with autosomal recessive 
(AR) inheritance. As the AR inheritance always presents with diffuse lesions, a 18F-fluoro-dihydroxyphenylalanine 
positron emission computed tomography (18F-DOPA PET) scan was not done to differentiate focal and diffuse 
lesions. The baby underwent laparoscopic near-total pancreatectomy and was discharged on subcutaneous octreotide. 
Continuous intravenous glucagon infusion may help reduce the infusion rate of glucose needed to maintain 
normoglycemia. Diazoxide unresponsiveness in a baby with HH needs genetic studies. AR inheritance always 
presents as diffuse lesions. Hence, an 18F-DOPA PET scan can be deferred to differentiate the diffuse and focal forms.

Keywords: Hyperinsulinemic hypoglycemia, Diazoxide, Octreotide, Glucagon infusion, Pancreatectomy, ABCC8 
gene mutation refractory hypoglycemia

https://ispae-jped.com/

Journal of Pediatric Endocrinology 
and Diabetes

*Corresponding author: 
Prakash Amboiram, 
Department of Neonatology, 
Sri Ramachandra Institute 
of Higher Education and 
Research, Chennai,  
Tamil Nadu, India.

draprakash1@gmail.com 

Received: 23 November 2022 
Accepted: 16 June 2023 
Published: 05 September 2023

DOI 
10.25259/JPED_42_2022

Quick Response Code:

https://orcid.org/0000-0002-8132-9574
https://orcid.org/0000-0003-1487-836X
https://dx.doi.org/10.25259/JPED_42_2022


Sachin, et al.: Congenital hyperinsulinemic hypoglycemia 

Journal of Pediatric Endocrinology and Diabetes • Volume 3 • Issue 1 • January-April 2023 | 25

She was born to a third-degree consanguineously married 
couple with a G2A1 mother with unremarkable antenatal and 
family history. She had poor respiratory effort during perinatal 
period requiring 1  min of positive pressure ventilation and 
was later stabilized on continuous positive airway pressure. 
An umbilical venous catheter was secured in the neonatal 
intensive care unit. At 1 hour of life, capillary blood glucose 
(CBG) was low for which 2 mL/kg of 10% dextrose bolus was 
administered and was followed by glucose infusion rate (GIR) 
at a rate of 5  mg/kg/min. Subsequently, GIR was escalated 
to 15  mg/kg/min within 4 Hour of life with a mean blood 
glucose level of 24 mg/dL. Enteral feeds started on day 3 with 
pasteurized donor human milk along with the mother’s milk. 
In view of refractory hypoglycemia, critical blood samples 
on day 5 of life unveiled hyperinsulinemia (88.42  IU/mL by 
electrochemiluminescence immunoassay [ECLIA] assay) and 
levels of growth hormone (1.44 ng/mL) and cortisol (51.24 µg/
dL by ECLIA assay) were normal. Subsequently, the baby 
developed sepsis due to central line associated bloodstream 
infection (CLABSI), and Klebsiella pneumoniae was isolated 
from blood culture. Even though she was a premature baby 
and had CLABSI and culture-positive sepsis, the very high 
GIR requirement was suggestive of a severe form of HH.

In view of hyperinsulinism, treatment with diazoxide, and 
hydrochlorothiazide were initiated on day 5, and dosage was 
incremented to 25 mg/kg/day and 2 mg/kg/day, respectively. 
The GIR could not be brought down despite a high dose 
of diazoxide with hydrochlorothoazide. Hence, diazoxide 
unresponsive hypoglycemia was suspected. Genetic workup 
for ABCC8 and KCNJ11 mutation analysis was done. Oral 
hydrocortisone 2 mg/kg/day was started and enteral feeding 
was established by day 10 of life. On day 12 of life, the baby 
had symptomatic hypoglycemia with a maximum GIR 
of 32 mg/kg/min. Hence, an intravenous (IV) infusion of 
glucagon 5 µg/kg/h was considered and titrated accordingly 
with a maximum requirement of 17 μg/kg/h. Octreotide was 
initially not given due to an increased risk of necrotizing 
enterocolitis, especially in a preterm neonate.

After an unsuccessful trial of oral nifedipine 0.5 mg/kg/day on 
day 14 for persistent hypoglycemia, we started subcutaneous 
(SC) octreotide, weighing the risk versus benefit, at a dose 
of 3  µg/kg/dose every 6 hours and subsequently increased 
to 10  μg/kg/dose. The baby responded to SC octreotide and 
GIR was reduced to 4–6 mg/kg/min. On day 24, the baby had 
another culture-positive Enterococcus faecalis infection and was 
treated with antibiotics. On day 34, genetic analysis revealed 
a homozygous mutation of ABCC8 at location exon 36 with a 
pathogenic variant (c.4353G>A). This confirmed the diagnosis 
of familial HH type 1 (HHF1) with autosomal recessive (AR) 
inheritance. As the AR inheritance with biallelic mutations 
of potassium ATP channels consistently presents as a diffuse 
lesion affecting all pancreatic beta cells, a 18F-DOPA PET scan 

was considered unnecessary for differentiating between focal 
and diffuse lesions.

Except for SC octreotide and glucagon infusion, all other 
medications were stopped subsequently. On day 42, the 
baby had Enterobacter cloacae sepsis and the baby was 
administered antibiotics for ten days. Glucagon infusion was 
stopped on day 47 of life. A multidisciplinary team meeting 
was conducted and the decision was made to perform a near-
total pancreatectomy. Before surgery, octreotide was not 
stopped considering the labile glycemic status.

The baby underwent a laparoscopic near-total pancreatectomy 
on day 50 which was uneventful. Histopathology (H&E) 
of the specimen exhibited a group of islet cells with a few 
of them having abundant eosinophilic cytoplasm and large 
nuclei [Figure 1]. Immunohistochemistry (IHC) was positive 
for synaptophysin, chromogranin, and insulinoma-associated 
protein 1 [Figure  2]. The above H&E and IHC features 
represent a diffuse form of congenital hyperinsulinism 
(CHI).

Magnetic resonance imaging of the brain, retinopathy of 
prematurity screening, and hearing screening were normal. 
As an emergency drug, SC administration of glucagon was 
recommended when glucose levels were low and the baby 
could not feed. The baby was discharged and was advised to 
review when glucose levels were more than 300 mg/dL or low. 
Figure  3 illustrates the clinical course and management of 
the baby. On follow-up at 6 months of corrected gestational 
age, Developmental Assessment Scales for Indian Infant’s 
Evaluation showed that the baby had mild developmental 
delay corresponding to 5  months. Parents were extensively 
counseled regarding the need for genetic testing as well as the 

Figure 1: Histopathology of pancreatic specimen showing a group 
of islet cells demonstrating abundant eosinophilic cytoplasm and 
nucleomegaly.
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risk of recurrence in subsequent pregnancies. However, the 
couple was not willing to do the genetic testing.

DISCUSSION

HH is an important cause of refractory hypoglycemia 
in neonates, characterized by excessive insulin secretion 
from the pancreatic β-cells.[2] HH can present as transient, 
prolonged, or persistent (congenital) forms. Infants who are 
small for gestational age or born to diabetic mothers face an 
increased risk of hypoglycemia, which can lead to irreversible 
neuronal injury. Hence, prompt recognition and treatment 
are of paramount importance.[3,4]

The disorders with AR inactivating mutations in the 
ABCC8 and KCNJ11 genes, which encode the two 
subunits of the ATP-sensitive K+ channel in pancreatic 
β-cells, are responsible for the most severe forms of 
hyperinsulinemia.[5] Neonates with these KATP channel 
mutations present with severe hypoglycemia, large-for-
gestational-age birth weight, and high GIR requirements 
which were noticed in our baby.

Knowledge of genetic mutations, the evolution 
of advanced imaging techniques such as 
18F-Fluorodihydroxyphenylalanine positron emission 
computed tomography (18F-DOPA PET) scans, and the 
capability to histologically differentiate between focal 
and diffuse forms of persistent HH have substantially 
improved and streamlined its treatment. If hypoglycemia 
fails to respond to diazoxide, molecular testing for HH 
becomes imperative. Our baby’s genetic analysis showed a 
homozygous mutation of ABCC8 at location exon 36 with 
a pathogenic variant (c.4353G>A) with AR inheritance.

Differentiation into focal and diffuse forms of confirmed 
cases of HH using an 18f-DOPA PET scan is quite essential 
in making a surgical decision. The diffuse lesion is the most 
severe form involving all the β-cells in the pancreas. This has 
an AR inheritance and is caused by biallelic mutations in one 
of the KATP channel genes. The cause for dominant KATP-
HH is the monoallelic mutation in the KATP channel genes 
which usually have a milder presentation, and patients often 
respond to diazoxide.[6] The focal lesion is due to monoallelic 
mutation in one of the KATP channel genes and is paternally 
inherited. When the genetic analysis is consistent with diffuse 
disease, 18F-DOPA PET/CT is not indicated, which requires 
significant radiation exposure and anesthesia.[7] Hence, in 
our case, the DOPA scan was deferred as AR inheritance was 
confirmed.

In order to maintain euglycemia, frequent feeds through 
a nasogastric tube or gastrostomy are required in patients 
with HH. To overcome symptomatic hypoglycemia and 
restitute normoglycemia, a “minibolus” of IV 10% dextrose 
at a dosage of 2  mL/kg is administered. Subsequently, the 
GIR is sequentially tailored according to blood glucose levels, 
employing higher concentrations of IV glucose. Diazoxide, 
octreotide, nifedipine, glucagon, and hydrocortisone have 
been tried in treating HH. The use of hydrocortisone and 
nifedipine, as an acute treatment of hypoglycemia, has 
limited evidence.[8,9]

Glucagon increases blood glucose levels by inducing 
glycogenolysis, and gluconeogenesis and inhibits glycolysis 
and glycogenesis. It can be administered via IV, SC, or 
intramuscular (IM) routes.[10] There is little information 
available on the use of IV infusion of glucagon in the treatment 
of neonatal hypoglycemia. In our case, we used glucagon as a 
continuous infusion which helped in bringing down the GIR.

Sirolimus, an inhibitor of the mammalian target of 
rapamycin, has been utilized as an ultimate therapeutic 
measure in HH to surpass the need for surgical intervention. 
In view of a preterm baby with sepsis, considering the risk 
versus benefit, sirolimus was not tried in our baby.

The primary reasons that impact the decision for the surgery 
are the need for high GIR and the absence of response to 
medications. All medications should be completely stopped 
before surgery as they may interfere with histological 
diagnosis.[11] In our baby, except for SC octreotide, all other 
drugs were stopped before surgery. Focal lesions are cured by 
laparoscopic excision while diffuse lesions mandate near-total 
pancreatectomy for effective management.[12] In our case, a 
laparoscopic near-total pancreatectomy was performed.

During the immediate postoperative period, certain 
babies may present with transient hyperglycemia that 
may require the administration of insulin. In our case, 
the baby continued to require SC octreotide to maintain 

Figure 2: Immunohistochemistry of β-cells of pancreas-positive for 
neuroendocrine markers.
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CBG levels. Research findings have shown that following 
near-total pancreatectomy, 60% of children experienced 
ongoing hypoglycemia necessitating medical interventions. 
Furthermore, the incidence of insulin-dependent diabetes 
mellitus reached 96% at 11  years post-surgery.[13,14] Infants 
on treatment for CHI should have long-term developmental 
follow-up due to the high risk of neurodevelopmental delay, 
cerebral palsy, diabetes, and epilepsy.[15,16]

CONCLUSION

Early diagnosis and aggressive management of HH is the 
cornerstone for the prevention of hypoglycemia-induced 
brain injury. Molecular evaluation is mandatory in any 
case of diazoxide unresponsive hypoglycemia for effective 
management of refractory hypoglycemia. Continuous IV 
glucagon infusion can help reduce the GIR. An 18F-DOPA 
PET scan can be deferred in AR-inherited hyperinsulinism as 
it presents invariably as diffuse lesions. The emerging literature 
on genetic mechanisms in HH is expected to revolutionize the 
futuristic approach to its diagnosis and treatment.
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