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Abstract

Congenital Hyperinsulinemic hypoglycemia (CHI) is a rare genetic disorder resulting severe hypoglycemia secondary to excessive insulin release from the pancreatic
cells. Its early diagnosis is imperative to prevent irreversible brain damage by hypoglycemia. Genetic testing and 18-F-DOPA scan help to confirm the diagnosis.

We report the first heterozygous, paternally inherited ABCC8 missense mutation with focal pancreatic lesion from India and a review of the cases of CHI reported

from India.

Introduction

Congenital Hyperinsulinemic hypoglycemia (CHI) is a rare genetic
disorder resulting severe hypoglycemia secondary to excessive insulin
release from the pancreatic cells. It is the most common etiology for
infantile persistent hypoglycemia [1]. It is one of the most serious causes
of neonatal hypoglycemia and can cause irreversible brain damage if
not treated on time and adequately.

It has an estimated prevalence of 1 in 50000 and almost 1 in
25000 to 1 in 3000 in countries with consanguineous marriage [2].
The mutations in ABBC8 and KCNJ11 are the most commonly found
mutations, however several other mutations have been reported.

CHI can manifest as either focal due to adenomatous islet cell or
diffuse lesions secondary to diffuse islet cell hyperplasia [3].

The outcome in the patient primarily depends upon the kind of
lesion as the focal lesions benefit from local pancreatectomy whereas
the diffuse lesions require extensive pancreatectomy resulting in
diabetes in a lot of children in later life [4].

We report a case of CHI with an ABCC8 gene mutations and a
detailed review of the cases reported from India and the gene mutations
prevalent.

Case report

This 2.7kg male baby was born at term to non-consanguineous
parents by normal vaginal delivery. He was exclusively breast-fed and
had no complaints for the first three days of life. On day 4 of life the
child was excessively lethargic for which was taken to a hospital, where
he was detected to have blood sugar of 40mg/dl. He was given glucose
containing intravenous fluids and sent home thereafter.

On day 6 of life the baby had seizures and was taken to the
emergency where he was diagnosed to have hypoglycemia without
any ketonuria. His blood sugars were closely monitored, and dextrose
was added to the breast feeds, however the baby continued to have
several episodes of hypoglycemia and was referred to our hospital.
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The critical blood sample taken at a time of hypoglycemia revealed
C-peptide 2.72ng/ml, blood sugar 22mg/dl, serum insulin 13.3uU/ml,
with thyroid, cortisol and growth hormone being in normal range. He
was started on oral diazoxide at 10mg/kg/day and escalated to 15mg/
kg/day for persisting hypoglycemia despite good compliance and
regular blood sugar monitoring. The child was started on injectable
subcutaneous octreotide at a dose of 2mcg/kg and increased to 4mcg/
kg. Oral diazoxide was slowly tapered and stopped. A genetic study was
done which showed that the child was heterozygous for the ABCC8
mutation missense variant., p.(Gly 111Arg). The father heterozygous
for ABCC8 variant and the mother did not has any genetic mutations.
The child was maintaining his blood sugar with octreotide and dextrose
supplemented breast feeds. Although several ABCC8 mutations have
been reported, a heterozygous, paternally inherited ABCC8 mutation
missense variant, p.(Gly 111Arg) is the first case reported from India to
the best of our knowledge.

An 18-Fluoro-DOPA scan detected an exophytic lesion 1.2cm
x 0.8cm arising from the anterior part of the head of pancreas at the
junction of the distal body and tail (Figure 1).

We followed up 18-F-Dopa with Ga exendin to diagnose and
localize a focal lesion. It is a relatively new modality and confirmed the
18-F-Dopa findings in our case.

All the other Indian cases of ABCC8 mutation had diffuse
involvement of the pancreas. This would be the first case of focal lesion
at the pancreatic head with ABCC8 mutation in CHI to be reported
from India.
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Figure 1. Congenital hyperinsulinemic hypoglycaemia

Discussion

CHI is a heterogeneous genetic disorder of abnormal insulin
secretion characterized by hyperinsulinism, hypoketonemia, and hypo-
fattyacidemia with severe and persistent hypoglycemia.

CHI can occur due to two major defects: channelopathies and
metabolopathies. Channelopathies refer to defects in the pancreatic
4-cell ATP-sensitive KATP channel that results in unregulated insulin
secretion. Metabolopathies cause congenital hyperinsulinemic
hypoglycemia either by altering the concentration of intracellular
signaling molecules (such as ATP/ADP) or by accumulation of
intermediary metabolites, triggering the insulin release.

The Na K-ATPase pump and the metabolic nutrient state regulate
the insulin activity in the body. Genetic mutations render the pump
functionally inactive, hence causing the patients to be unresponsive to
diazoxide, while some mutations may cause the pump to be inactive but
responsive to pharmacological interventions.

The mutations that increase the nutrient metabolism and increase
the ATP/ADP ratio and in in turn increase the insulin secretion are the
ones most responsive to diazoxide.

The most common mutations are the inactivating mutations of the
B-cell ATP-sensitive K+ channel genes ABCC8 (ATP- binding cassette
subfamily C, member 8), which encodes for SUR1 (sulphonylurea
receptor) and KCNJ11 (potassium inward rectifying channel, subfamily
J, member 11), encoding Kir6.2 [5].
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Genetic mutations have been identified in nine genes accounting
for CHI resulting in either the diffuse or the focal form. Both autosomal
dominant and recessive pattern have been demonstrated mostly in
diffuse lesions resulting in the heterogeneity of presentation and
severity. Focal ones are more sporadic.

It is hence very important to know the genetic mutations to predict
the response to pharmacological interventions and their response in
the affected children [6].

The most common mutations are the ABCC8 and KCNJ11, located
next to each other on chromosome 11p. Till date there are 3 known
Kirké.2 and over 40 SURI mutations that have been identified [6].

Few other mutations have also been identified and can be useful in
predicting the type of pancreatic involvements and responsiveness to
diazoxide.

The other common mutations seen are:
o glucokinase (encoded by GCK)

o glutamate dehydrogenase (GDH; encoded by GLUD-1 [glutamate
dehydrogenase]

o mitochondrial ~ enzyme  short-chain  3-hydroxyacyl-CoA
dehydrogenase (SCHAD); encoded by HADH [hydroxyacyl-
coenzyme A dehydrogenase

The K- ATP-sensitive potassium channel hyperinsulinism (K-ATP-
HI) form caused by mutations in ABCC8 and KCNJ11 on chromosome
11, may cause autosomal recessive inheritance resulting in diffuse lesions
and focal lesions due to loss of heterozygosity with paternal mutation.
This type of resulting CHI is usually very severe and unresponsive to
pharmacological treatment and requires pancreatectomy [7]. These
babies are mostly large foe gestation due to fetal overgrowth due to
excessive insulin.

The dominant K-ATP-HI is inherited as autosomal dominant, it is
milder and responsive to diazoxide.

GDH-HI (glutamate dehydrogenase hyperinsulinism), caused by
GLUD-1 mutation o chromosome 10q is autosomal dominant. It is
associated with hyperammonemia and responsive to diazoxide. The
hallmark of GDH-HI is recurrent episodes of fasting and postprandial
hypoglycemia associated with persistent asymptomatic elevation of
plasma ammonia levels. These babies are not born large for gestation
and remain asymptomatic at birth, manifest symptoms by several
months of age [8].

GK-HI (glucokinase hyperinsulinism), due to GCK mutation on
chromosome 7 is autosomal dominant and has a variable presentation,
but most of them respond to diazoxide. It is relatively rare and has
a varied age of presentation and severity of symptoms. The islet cell
morphology can also range from normal cells to enlarged islets [9].

SCHAD-HI (short-chain 3-hydroxyacyl-CoA dehydrogenase
hyperinsulinis), by HADH mutation on chromosome 4 is inherited as
autosomal recessive. It has an abnormal acyl-carnitine profile and is
usually diazoxide responsive. The biochemical markers are increased
insulin action; increased levels of plasma 3-hydroxybutyryl-carnitine
and increased levels of 3-hydroxyglutarate in urine. Despite having a
fatty acid oxidation defect, children do not have hepatic dysfunction,
cardiomyopathy, or effects on skeletal muscle [10] (Table 1).

Cases of CHI have been reported in a few case series and reports
from India, but less than 25 gene mutations have been detected in
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Table 1. Indian case of CHI

S .no Study Year Nos.
1 Kochar et al. 2017 1
2 Narayanan et al. [11] 2016 16
3 Satapathy et al. [12] 2016 1
4 Rakesh kumar et al. [13] 2015 1
5 Khawash et al. [14] 2015 1
6 Jahnavi et al. [15] 2014 22
7 Varadarajan et al. [16] 2014 15
8 Jindal et al. [17] 2014 1
9 Dinesh Yadav et al. [18] 2012 1
10 Seema Thakur ez al. [19] 2011 1
11 Desai et al. [20] 1997 13

these cases in the last decade. Our case had a heterozygous, paternally
inherited ABCC8 mutation missense variant, p.(Gly 111Arg). The
only other case with the same ABCC8 mutation was reported by
Jahnavi et al. [15], their case was however homozygous with a diffuse
lesion requiring subtotal pancreatectomy and later went on to develop
diabetes mellitus.

Vardarajan from Chennai [16] reported four cases of CHI with
ABCC8 mutations, and these one was a paternally derived heterozygous
mutation and the Gadolinium scan was suggestive of a diffuse disease.
The other two were homozygous.

This case reported by us, however had a focal lesion at the anterior
part of the head of pancreas at the junction of the distal body and tail.
Both the previous cases of heterozygous ABCC8 mutation reported by
Jahnavi et al and Vardarajan et al had a diffuse pancreatic involvement,
one which required subtotal pancreatectomy. This would be the first case
to be reported from India with an ABCC8 mutation of heterozygous
inheritance with a focal pancreatic lesion.

Management

The first line of treatment for congenital hyperglycemia is
complicated and needs to be carefully titrated to balance the benefits
and adverse effects. Diazoxide, a KATP channel agonist, is the mainstay
of medical treatment in prolonged hyperinsulinemic hypoglycemia.
It inhibits insulin secretion by keeping KATP channels open. It is
administered at a dose of 10-20 mg/kg/day, orally, in three divided
doses. Lower doses are required in small for gestation babies [21].

In cases resistant to diazoxide, Octreotide, a somatostatin
analogue is used. It causes inhibition of insulin release by activation
of somatostatin receptor-5, stabilizing KATP channel and inhibition of
calcium mobilization. Lanreotide a long acting release octreotide has
been proven to be of benefit in a few articles. It is suggested as a once a
month intramuscular dose [22].

However, the treatment for diazoxide resistant and diffuse type
mostly require surgery. So, it becomes imperative to have an accurate
diagnosis and site of lesions to execute affective treatment. Ultrasound,
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Place Genes /zygosity Imaging
Delhi ABCCS8/exon 3/Hetero 18-F-DOPA PET
. DOTONAC-5
Chennai ’ Gallium-1
Delhi HADH-exon 5 -
Delhi - DOTANOC
Kolkatta ABCC8/hetero -

12 ABCCS detected
(2-exonl-hetero
1-exon3-homo
1-exon 5-hetero

1-exon 8
Delhi 1-exon 12 18-F-DOPA PET
1-exon 16-homo
1-exon 21
1-exon 22
1-IVS 30
1-exon 36-hetero
Chennai 4-ABCC8 Gadolinium scan
Delhi ABCC8/exon 5
Delhi ABCCS8-Intron 31 Ga-DOTANOC
ABCC8-exon 2,3 -
Mumbai - -

computed tomography (CT), and magnetic resonance imaging (MRI)
are usually non-discriminatory for the purpose of diagnosing and
localizing focal CHI.

18-Fluoro-DOPA traces a very specific metabolic pathway and
has a very precise biodistribution pattern, making to superior to both
the above-mentioned non-invasive techniques and also to pancreatic
venous sampling (PVS) and combined selective pancreatic arterial
calcium stimulation and hepatic venous sampling (ASVS) [23]. The
uptake of amine precursors of 18-F-DOPA is much more pronounced
in hyperfunctioning islets, thus making the anatomic delineation much
more specific.

Ga-exendin is a new modality that can prove potentially beneficial in
detecting pancreatic lesion in PET tracer. It is a glucagon like peptide-1
receptor (GLP-1R) that is expressed on the B-cell of the pancreas. The
endogenous peptide GLP-1 has a very short biological half-life and is
very sensitive tool. However, it has been primarily used for diagnosing
insulinomas worldwide.

Conclusion

CHI is a complicated disease, which requires prompt diagnosis to
initiate treatment to prevent irreversible hypoglycemic brain damage.
Genetic testing and 18-F-DOPA should be used in conjunction for
diagnosis and prognosis.

Once the genetic testing confirms the diagnosis, 18-F-DOPA
pinpoints the site of pancreatic lesion; appropriate treatment can be
planned for diazoxide responsive and unresponsive cases.

Informed consent has been taken from the parents for publication
of this case report.
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