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Objectives: To report the genotype-phenotype
characteristics, demographic features and clinical outcome
of Omani patients with congenital hyperinsulinism (CHI).

Methods: We retrospectively analyzed the clinical,
biochemical, genotypical, phenotypical characteristics and
outcomes of children with CHI who were presented to
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the pediatric endocrine team in the Royal Hospital,
Muscat, Oman between January 2007 and December
2016.

Results: Analysis of 25 patients with CHI genetically
revealed homozygous mutation in ABCCS in 23 (92%)
patients and 2 patients (8%) with compound heterozygous
mutation in ABCCS. Fifteen (60%) patients underwent
subtotal pancreatectomy as medical therapy failed and
2 (8%) patients showed response to medical therapy.
Three patients expired during the neonatal period, 2
had cardiomyopathy and sepsis, and one had sepsis and
severe metabolic acidosis. Out of the 15 patients who
underwent pancreatectomy, 6 developed diabetes mellitus,
6 continued to have hypoglycemia and required medical
therapy and one had pancreatic exocrine dysfunction
post-pancreatectomy, following up with gastroenterology
clinic and was placed on pancreatic enzyme supplements,
while 2 patients continued to have hypoglycemia and both
had abdominal MRI and 18-F-fluoro-L-DOPA positron
emission tomography scan (PET-scan), that showed
persistent of the disease and started on medical therapy.

Conclusion: Mutation in ABCCS8 is the most common
cause of CHI and reflects the early age of presentation.
There is a need for early diagnosis and appropriate
therapeutic strategy.
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Congenital hyperinsulinism in infancy (CHI) or
persistent  hyperinsulinemic  hypoglycemia of
infancy (PHHI) is a heterogeneous disorder that is
characterized by inappropriate insulin secretion despite
hypoglycemia.! There is a high risk of brain injury in
untreated severe hypoglycemia due to the continued
deprivation of the brain tissue from its energy
sources, which include glucose (hypoglycemia) and
ketones (hyperinsulinism). Hence, early diagnosis and
management is of paramount importance to prevent
these effects that are usually manifested as seizures and
developmental delay.?

Congenital hyperinsulinism in infancy usually has 3
histopathological types: focal, diffuse, and atypical forms.
Although these 3 types clinically and biochemically will
have same presentation, histological differentiation is
crucial in the management.”> At present, mutations
have been identified in different genes (ABCCS,
KCNJ11, GLUDI, GCK, HADH, SLC16A1, UCP2,
HNF4A, HNFIA, HK1, PGM]1, and PMM2)*'* that
cause dysregulated insulin secretion. Recently there are
2 cases reported with hyperinsulinaemic hypoglycemia
(HH) due to other genes (FOXA2, CACNA1D).">'*

The most common causes for CHI are mutations
in the genes ABCC8 and KCNJI1 (both autosomal
recessive and dominant) that encode the SURI and
Kir6.2subunits of the pancreatic 3-cell KATP channel.>
' The incidence rate of this disorder is approximately
1/50,000 live births, and in some countries like
Finland, the rate is even higher.®® In Saudi Arabia,
the incidence rate is reported to be 1/2500 live births
because of the higher rate of consanguinity marriage.”!
Typically CHI presents in the first few days after
birth in term and preterm infants with symptomatic
hypoglycemia, although some patients can present with
non-specific symptoms of hypoglycemia such as poor
feeding, lethargy, irritability, and seizures. The patients
who fail to respond to medical therapy often require
pancreatectomy.”

Early diagnosis and treatment is important in babies
with CHI because they are at risk for neurological
damage that is secondary to severe hypoglycemia
and neuroglycopenia. Here, we report the genotype-
phenotype  characteristics, demographic features,
and clinical outcome of Omani patients diagnosed
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with CHI at the Royal Hospital, Oman during the
2007-2016 decade.

Methods. We retrospectively analyzed the clinical,
biochemical, genotypical, phenotypical characteristics
and outcomes in children with CHI who were
presented to the pediatric endocrine team in the Royal
Hospital, Muscat, Oman between January 2007 and
December 2016. Ethical consent approval was obtained
from Royal Hospital, Oman. All the patients included
in the study had the diagnostic criteria of CHI. These
include the following: hypoglycemia (plasma glucose
<2.6 mmol/L), hyperinsulinism (plasma insulin level >2
mlIU/L “13.9 pmol/L”) during hypoglycemia, negative
urine ketone, normal metabolic, and hormonal profiles
with increased glucose requirement at a rate of more
than 8 mg/kg/min. Patients with transient hypoglycemia
related to intra-uterine growth retardation (IUGR) or
other causes who recovered and had no known genetic
mutations of CHI we excluded from the study.

Analysis of mutations in ABCC8 and KCNJ11 genes
were carried out for all of our patients and their parents.
Blood specimens from these patients and their parents
(with the consent forms from the parents) were referred
for genetic analysis at the Molecular Genetics, Exeter
Clinical Laboratory, Royal Devon & Exeter NHS
Foundation Trust, Exeter University Medical School,
Exeter, United Kingdom. If the mutation analysis was
negative for ABCC8 and KCNJ11 genes in the infant’s
blood, other genes were assessed, such as the genes
encoding glucokinase (GCK) and hepatic nuclear factor
(HNF4A). If a mutation is detected in the patient, the
parents were then analyzed for the same mutation to
determine the mode of inheritance.

Results. Twenty-five infants (15 males, 10 females;
male-to-female ratio of 1.5:1 from unrelated 23 families
were diagnosed with CHI over a 10-year period (Jan
2007 and Dec 2016). Four families had 2 affected
siblings each, while 11 patients were born to first degree
cousin parents. Most babies were born full-term with
gestational ages of more than 37 weeks apart from 3
babies (patient-2 at 34 weeks, patient-5 at 36 weeks and
patient-21 at 33 weeks). The birth weights for all babies
ranged between 2.7 kg and 4.8 kg. Macrosomia babies
were detected in 4 babies (patients-1, 9, 17, 19) based
on BW -SD over 2 as per World Health Organization
chart as 2.5, 3.1, 3.4 and 2.2 with a mean SD of 2.75,
and of these, 3 were infants of diabetic mothers. None
of the patients were small-for-gestational age (birth
weight <2.5 kg). The clinical manifestations of all the
babies were manifested on day one or 2 of their lives,
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apart from 2 babies (patient-17 at age of 8 days and
patient-13 at age of 4 months).

Hypoglycemia (plasma glucose <2.6 mmol/l) was
detected in all patients. In addition, there were other
variable hypoglycemic symptoms that include seizures,
apnea, poor feeding, and lethargy. Twenty-four patients
had biochemical manifestations of CHI (non-ketotic
hypoglycemia, hyperinsulinism at time of hypoglycemia,
glucose requirement at rates greater than 8 mg/kg/min,
and normal other metabolic and hormonal profiles apart
from one baby (patient-6), who had no documentation
and neither clinical nor biochemical information. All
babies received medical treatment that included oral
diazoxide (up to 15 mg/kg/day in 3 divided doses),
subcutaneous octreotide injections with doses up to 30
mcg/kg/day in 4 divided doses, and boluses of glucagon
intravenously or intramuscularly injection with doses
of 30 mcg/kg, apart from patient-6 who had no data
available. The data for laboratory results of glycemic
parameters (plasma glucose, insulin and C-peptide) are
shown in Table 1.

Mutation analyses were carried out at Molecular
Genetics, Exeter Clinical Laboratory, Exeter, United
Kingdom and revealed that the ABCC8 gene is a
consistent gene in our patients with different genotypes
(11 patients with homozygous missense mutation, one
of them was patient-16 with novel mutation, 5 with
homozygous nonsense mutation, 3 with homozygous
novel frame shift mutation, 4 with homozygous
splicing mutation and 2 with compound heterozygous
novel missense mutation). Fifteen patients did not
respond to medical therapy and underwent near total
pancreatectomy at an age that ranged between one
month and 2.6 years.

Three babies (patient-2 and patient-17) died at the
age of one month with sepsis and cardiomyopathy,
and patient-22 died with sepsis and severe metabolic
acidosis. Three babies refused surgery (patient-3, 4, 16).
Patient-3 and 4 were siblings who did not participate
in a follow-up, while patient-16 who is now 5 years
old and is still undergoing medical treatment. He was
on subcutaneous octreotide injection 30 mcg/kg/day

Table 1 - Data for birth weight and laboratory results for patients with
congenital hyperinsulinism in infancy.

Parameter Mean+SD Median (range)
Birth weight (kg) (n=23) 3.68+0.6 3.6 (2.7-4.8)
Plasma glucose (mmol/L) (n=23) 1.53+0.63 1.56 (0.3-2.4)
Plasma insulin* (pmol/L) (n=23) 120.4+127.42  96.5 (27.8-620)
Serum C-peptide (pg/L) (n=21) 984+855 687 (291-3310)

*Insulin results do not have a normal distribution, hence median
(range) data is more applicable. SD - standard deviation

then long-acting somatostatin analogue (lanreotide)
intramuscular injection (30 mg once monthly)
introduced with occasionally use of octreotide but he
continued to have hypoglycemia. For the last 12 months
he has been treated with sirolimus (a mammalian
target of rapamycin inhibitor, mTOR) orally one mg/
m?*/day, tapered by 0.25-0.5 mg/m?/day with routine
monitoring of drug levels and side effects. The patient
showed dramatic improvement with less hypoglycemic
episodes and was on a nasogastric tube, but got out of it.
Patient-23 underwent medical treatments that include
octreotide 30 mcg/kg/day subcutaneous injection then
a long-acting somatostatin analogue (lanreotide) 30
mg intramuscular injection once monthly introduced
and he showed good responses (with occasional
hypoglycemia) to these treatments. Those patients
remained stable with no side effects of the medications.
Two patients (patient-10 and patient-24) resolved from
the hypoglycemia and neither required medical therapy
nor surgery and are doing well.

The histopathological examinations of all patients
that underwent pancreatectomy were diffuse in type.
Out of the 15 patients who had pancreatectomy, 6
(patients-1, 3, 7, 11, 12, 18) had secondary diabetes
mellitus and were treated by insulin therapy that
ranged from multiple daily injections to subcutaneous
continuous insulin infusion (insulin pump). Six patients
(patients-4, 8, 13, 14, 15, 19) had hypoglycemia and
required medical therapy and one patient developed
exocrine pancreatic insufficiency and is currently
following up in the Gastroenterology Clinic and is
placed on pancreatic enzyme supplements. Patient-19
had hypoglycemia post pancreatectomy and was placed
on octreotide subcutaneous injection 35mcg/kg/day
and lanreotide intramuscular injection 30 mg once
monthly, however her hypoglycemia has continued.
Sirolimus was given to this patient, but the patient
did not respond so this effort was stopped. She was
investigated biochemically and showed very high insulin
level. Abdomen magnetic resonance imaging (MRI) and
18-F-fluoro-L-DOPA positron emission tomography
scan (PET-scan) found to have persistent of the disease.
In addition, patient-4 was also found to have persistent
of the disease after radiological confirmation with
abdominal MRI and still has occasional hypoglycemia
on octreotide on/off. Out of those who had surgery,
only three patients (patient-9, 20, 25) remained with
no complications during follow-up. All babies who
were under follow up presented good developmental
milestones, apart from patient-16 whose parents
refused surgical treatment and (on medical treatment)
showed gross motor and speech delayed, started also on
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Table 2a - Demographic, clinical, and laboratory findings of patients with co

ngenital hyperinsulinism in infancy.

Parameter Patients
Patient 1 2 3 4 5 6 7 8 9 10 11 12 13
Gender M M M M F M F M F F M F F
Family history Yes Yes Yes Yes Yes Yes No Yes No No No No No
Consanguity No No No No No No Yes Yes Yes Yes Yes Yes No
Gestation term Term 34 Term Term 36 - Term Term Term Term Term Term Term
(37-40 weeks)
Birth weight (Kg) 4.55 3.77 3.1 3.26 2.9 - 3.6 3.9 4.7 3.7 3.25 3.6 3.2
Labor LSCS LSCS LSCS LSCS SVD - SVD LSCS SVD SVD SVD LSCS SVD
L?giﬁteff diaberic Yes Yes No No No - No No No No No Yes Yes
Symptoms
Seizure - - - - + - - - - - - -
Apnea - + - - - - - - - - - + +
Lethargy + + - - - - + - - - + + -
Poor feeding + + - - - - - - - + + + -
Sepis - + - - - - - - - - +
Cardiomyopathy - + - - - - - - - - -
fﬁ;";‘fﬂ“me 1.8 1.9 1.2 1.7 0.7 - 1.5 22 1.9 1.1 0.6 2.4 1.8
Plasma insulin 126 1029 100  11L5 69 - 1227 604 106 51 109 76 278
(pmol/L)
?;Zj‘f)a C-pepride 328 3310 - 498 440 - 811 540 291 - - 1889 494
Histology Diffuse - Diffuse  Diffuse - - Diffuse  Diffuse  Diffuse - Diffuse  Diffuse  Diffuse
1(\;11?2%(:9? Homo Homo Homo Homo h(e::)er;i (})72235 Homo Homo Homo Homo Homo Homo Homo
Medical treatment Yes Yes Yes Yes Yes - Yes Yes Yes Yes Yes Yes Yes
Pancreatectomy + Expired + + - - + + + - + + +
Complications
Diabetes mellitus + NA + - NA NA + - - + +
Hypoglycemia - NA - + NA NA - + - - - +

NA - not applicable, M - male, F - female, SVD - spontaneous vaginal

delivery, LSCS - lower segment cesarean section, +present, -absent

sirolimus. At present he caught up in development, but
cognitive function of the patient not assessed. Currently,
he is walking, running and saying full sentences. The
different demographic, clinical and laboratory details of
these patients are presented in Table 2 (A and B).

Discussion. In this study, we have evaluated
the clinical, biochemical presentations, mutational
analysis, and outcomes of 25 Omani patients who were
confirmed to have CHI, between January 2007 and
December 2016. Genetic analysis of the patients in our
cohort revealed biallelic mutation in the ABCCS8 gene,
which represents a higher mutation rate of detection
and could reflect the higher rate of consanguinity in the
Omani community.”?* All the patients are homozygous
for the ABCC8 mutation, with only 2 siblings being
compound heterozygotes that were lost follow-up.
Most patients with biallelic KATP channel mutation
were unresponsive to diazoxide treatment despite high
doses plus octreotide injection and could not be weaned
off from high dextrose concentration apart from 2
patients who were off treatment. Similar findings were
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reported in different studies. Kapoor et al® and Sinder
et al® reported in their studies that 63/300 (58%)
and 88/417(31%) with biallelic KATP mutations
were unresponsive to diazoxide. Both studies have not
mentioned the consanguinity rate . In cohort study by
Demirbilek et al* in Turkish patients also found 43%
(n=15) had biallelic KATP channel mutations who were
unresponsive to diazoxide, our results are in line of these
studies.

This study’s response rate is very low with only 2
out of 25 (8%) patients responding to medical therapy,
which reflects the severity of the disease in our patient
cohort. All those who did not respond well to medical
therapy underwent pancreatectomy (n=15) in which
showed diffuse type histopathology and none of them
had focal type.

In addition to the lower response rate, 3 patients
in this study expired with confirmed CHI during the
neonatal period and two of them had hypertrophic
cardiomyopathy, which has also been reported in other
studies.””*® Six patients developed post-pancreatectomy
hypoglycemia, one had frequent hypoglycemia that
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Parameter Patients
Patients 14 15 16 17 18 19 20 21 22 23 24 25
Gender M F M M M F F M M M F M
Family history No No No No No No No No No No No No
Consanguinity Yes Yes Yes Yes Yes No No No No No No No
Gestation term Term Term Term Term Term Term Term Term 33 Term Term Term
(37-40wk)
Birth weight (Kg) 3.9 3.55 3.0 48 43 46 2.7 3.3 3.1 42 - 3.7
Labor LSCS SVD LSCS LSCS LSCS LSCS SVD SVD SVD LSCS LSCS LSCS
fggiﬁ;of diaberic No No No NO Yes Yes No No No No No NO
Symptoms
Seizure - - - - - - - - - - -
Apnea - - - - - - - - - -
Lethargy - + - - - + - + - + +
Proof Feeding - + + + + + - + - + +
Sepsis + - - - - + - - -
Cardiomyopathy + - - - - + - - -
Plasma glucose 23 1.5 2 0.3 15 24 0.4 1.1 156 13 1.1 22
(mmol/L)
Plasma insulin 3576 965 303 60 577 933 467 1627 1194 1115 605 514
(pmol/L)
Plasma C-peptide 979 926 392 3085 714 553 423 1208 926 1789 687 380
Histology Diffuse Diffuse - - Diffuse  Diffuse Diffuse - - - - Diffuse
Mutation (ABCCS) Homo Homo Homo Homo Homo Homo Homo Homo Homo Homo Homo Homo
Medical treatment Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Pancreatectomy + + No expired + + + - expired - - +
Complications
Diabetes mellitus - - NA NA + - - NA NA - - -
Hypoglycemia + + NA NA - + - NA NA - - -

NA - not applicable, M - male, F - female, SVD - spontaneous vaginal delivery, LSCS - lower segment cesarean section, *present, “absent

required octreotide, lanreotide and sirolimus, although
her hypoglycemia continued. Investigation showed
re-growth of the pancreatic tissue. One patient began
lanreotide treatment and responded well. Huang et al*®
and Kithnen et al,”” showed that long acting lanreotide
lowered the frequency of hypoglycemia and improved
blood glucose concentrations with less side effects.
All babies under follow-up reached developmental
milestones, apart from one patient whose parents
refused surgical treatment and was on medical treatment
and had gross motor and speech problems. However,
his patient caught up and is currently walking, running,
and speaking in sentences. We used sirolimus for
treating this patient with frequent hypoglycemia and
had a good outcome. Sirolimus has been reported to
be used in treating severe CHI with good results.?**!
However, extreme caution has to be taken, despite
the absence of short-term side effects, the long-term
sequels, particularly the risk of malignancy, has to be
considered.

In this cohort, most of our patients clinically
during follow up have not detected to have long term
neurological sequelae such as cerebral palsy and epilepsy

only one patient who had developmental delay but
caught up with the time. Demirbilek et al* reported
that 12 out of 35 (34%) patients developed some
long-term neurological sequelae.

There are some limitations in this study. First, we do
not have the 18-F-fluoro-L-DOPA positron emission
tomography scan (PET-scan) in our institute that would
enable us to decide if the operation is suitable. Instead,
we depend on the clinical follow up of the patients,
response to medical therapy and genetic study. Finally,
the study was carried out in one tertiary-care hospital,
which may not reflect the exact number of cases that are
diagnosed at other centers, governmental, or private.

In conclusion, our study reveals the importance of
detecting and investigating hypoglycemia in newborns
in early neonatal life to prevent the sequels of severe
hypoglycemia, particularly neurological damage. The
diagnosis of CHI is important to ensure the provision
of proper management and counseling regarding the
risk of recurrence. The neonatologists and pediatricians
must have a high index of suspicion for CHI whenever
dealing with persistent hypoglycemia and inappropriate
hyperinsulinism.
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