
Vol. 39 No. 2 November 2024108 www.asean-endocrinejournal.org

Journal of the
ASEAN Federation of
Endocrine Societies Case Report

A Focal Form of Diazoxide-resistant Congenital Hyperinsulinism
with Good Response to Long-acting Somatostatin

Suhaimi Hussain,1 Nurshafinaz Salmah Mohd Fezal,1 Sarah Flanagan2

1Department of Pediatrics, Hospital Universiti Sains Malaysia, Kota Bharu Kelantan, Malaysia
2Exeter University United Kingdom 

Abstract

A four-year-old female who was born term via spontaneous vaginal delivery (SVD) with a birth weight of 3.4 kg had an 
onset of persistent hypoglycaemia at the 6th hour of life. She was diagnosed with congenital hyperinsulinism based on high 
glucose load, negative ketone and a good response to glucagon. Genetic workup revealed the presence of ATP Binding 
Cassette Subfamily C Member 8 (ABCC8 genes) mutation which indicated a focal form of congenital hyperinsulinism. 
She was resistant to the standard dose of oral diazoxide but responded to subcutaneous somatostatin. At the age of 
3 years and 6 months, multiple daily injections of somatostatin were replaced with a long-acting monthly somatostatin 
analogue. With the present treatment, she had better glycaemic control, normal growth and was able to stop tube feeding.
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INTRODUCTION 

Congenital hyperinsulinism (CHI) is the leading cause 
of persistent or refractory hypoglycaemia in the neonatal 
period. It is due to mutation in the genes that regulate 
insulin secretion by the ß-cells.1 Fourteen (14) key genes are 
responsible for CHI. The most common genetic mutation is 
the mutation in KATP channel which is made up of 4 subunits 
encoded by Potassium Voltage-Gated Channel Subfamily J 
(KCNJ11) or ATP Binding Cassette Subfamily C Member 8 
(ABCC8 genes).2 However, only about 40-50% have known 
genetic mutations and majority of the putative genes have 
yet to be discovered. Histologically, CHI is classified into 
either diffuse pancreatic ß -cell hyperplasia characterised by 
diffuse involvement of pancreatic ß -cells or focal pancreatic 
ß-cells hyperplasia with only focal ß-cell hyperplasia. 
Familial forms of CHI can exhibit recessive or autosomal 
dominant patterns of inheritance while the sporadic form 
is very rare, accounting for about 1 in 30-50000 live births.3

Clinically, CHI can be classified according to treatment 
response to diazoxide which can be either diazoxide 
sensitive or resistant.4 Diazoxide is the gold standard of 
treatment for CHI which acts by binding to sulphonlyurea 
receptor 1 (SUR1) on the KATP channel to suppress insulin 
release by ß- cells. The initial dose is 5 mg/kg/day given in 3 
divided doses up to 15-20 mg/kg/day. The most severe side 
effects are fluid retention, cardiac failure, and pulmonary 
hypertension.5 Hydrochlorothiazide at 7-10 mg/kg/day 
given in 2 divided doses, is usually added to diazoxide to 

prevent fluid retention. Glucagon is recommended in the 
acute management of persistent hypoglycaemia, and it is 
used short-term as a key counterregulatory hormone to 
oppose the effect of excess insulin. Nifedipine is another 
first-line medication which acts as a calcium channel blocker 
to prevent calcium influx leading to insulin exocytosis. The 
recommended dose is 0.25-2.5 mg/kg/day divided into 
2-3 doses, however, it is not a preferred choice because of 
associated hypotension with a dose that exceeds 0.5 mg/kg/
day.5 Octreotide is used as a second-line medication which 
is reserved for patients who fail to respond to first-line 
pharmacological intervention. It is a polypeptide chain with 
eight amino acids that suppresses insulin release by binding 
predominantly to somatostatin receptors (SSTRs) 2 and 5. 
The recommended initial dose is 5 µg/kg/day given by 
either subcutaneous injection every 6-8 hours or continuous 
infusion with a maximal dose of 30-35 µg/kg/day. The 
first response to octreotide is hyperglycaemia followed 
by a blunted effect after 48 hours (tachyphylaxis).5 Other 
potential medications are sirolimus, exendin and glucagon 
analogue. Sirolimus is an immunosuppressive agent with 
an anti-proliferative ability which inhibits the mammalian 
target of rapamycin (mTOR). Its mechanism of action in 
CHI has not been fully elucidated. The reported side effects 
are mainly due to immunosuppression and more trials are 
needed to determine its safety and efficacy in CHI.6 Exendin 
is glucagon-like peptide receptor antagonist that works 
by reducing cyclic adenosine monophosphate (cAMP) 
to suppress insulin release. It is a potential medication 
to prevent fasting hypoglycaemia and protein-induced 
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During an episode of hypoglycaemia, her urine ketone 
was negative, c-peptide 0.5 nmol/L, lactate 1.0 mmol/L. 
The patient was also empirically started on intravenous 
crystalline penicillin/gentamicin to cover for neonatal 
sepsis. With the high GIR, negative ketone, good response 
to glucagon and presence of insulin during hypoglycaemia, 
she was treated as a case of persistent hypoglycaemia 
secondary to congenital hyperinsulinism (CHI) or persistent 
hypoglycaemic hyperinsulinaemic of infancy (PHHI). 
Oral diazoxide was started at an initial dose of 2 mg/kg/
day in 3 divided doses and the dose was increased every 
2 days guided by blood sugar trends. Despite being on a 
high dose of oral diazoxide at 20 mg/kg/day, the patient 
continued to have intermittent hypoglycaemia, which 
raised suspicion of the presence of a diazoxide resistance 
form of CHI. Octreotide at a dose of 8.8 mcg/kg/day was 
started, and the patient showed a remarkable improvement 
in the blood sugar pattern. DNA from the patient and both 
her parents were extracted and sent to Exeter Lab UK for 
DNA sequencing. She was discharged home at 62 days 
of life with subcutaneous octreotide injection (10 mcg/kg/
day) in divided doses and was advised for home blood 
glucose monitoring. She was on-demand breastfeeding and 
infant formula via a feeding tube every 2 hours. Weaning 
was started at 6 months of life with porridge, biscuits, and 
bread. She was a picky eater and growth was observed to 
be at the 3rd- 25th percentile for length and weight in the 
first 6-7 months of life (Figure 1). In the first year of life, 
she had 3 hospital admissions for acute gastroenteritis, 
bronchopneumonia, and viral infection at the age of 3 
months, 6 months, and 7 months, respectively. She had more 
hypoglycaemic episodes whenever she was unwell during 
hospital admissions. Her octreotide dose was increased to 
12 mcg/kg/day to counteract hypoglycaemic episodes. In 
the first 2 years of life, HbA1C ranged from 3.8 to 5.0 % with 
an average of 4.5%. DNA sequencing revealed that she is 
heterozygous for a paternally inherited pathogenic ABCC8 
frameshift variant. Her father has the same mutation, but her 
mother was negative for the mutation. The genetic variant is 

hypoglycaemia, but future trials are needed to evaluate 
its safety and efficacy.7 Glucagon for long-term usage is 
hampered by its poor solubility and stability. A glucagon 
analogue has been developed in an animal model that may 
provide potential weekly treatment for CHI.8 

The standard treatment for the focal form of CHI is surgical 
resection of the focal site in the pancreas that results in 
cure of CHI.9 Pancreatic surgery for CHI should only be 
performed in established CHI centres that could perform 
an 18-F DOPA PET scan to localise the lesion. Due to the 
complexity of the pancreatic surgery and logistic factors, 
most of the diazoxide-resistant CHI are treated with short-
acting standard octreotide injection that requires multiple 
injections in a day. We share our experience in the transition 
of standard octreotide to monthly long-acting somatostatin 
in a patient with focal CHI. 
 
CASe 

This is a case of a 4-year-old female who is the youngest 
of 2 siblings from a non-consanguineous marriage. Her 
mother had no history of gestational diabetes. She was 
born via spontaneous vaginal delivery at 39 weeks age of 
gestation, with a birth weight of 3.4 kg. Her APGAR score 
was 9 at 5 minutes, and 10 at 15 minutes. At the 6th hour of 
life, she was found to be inactive, pale and feeding poorly. 
Capillary blood glucose was 1.6 mmol/L. An intravenous 
bolus of D10% 2 ml/kg was administered and the patient 
was admitted to the intensive care unit for further 
management. She required multiple dextrose D10% boluses 
in increasing frequency to maintain a blood sugar level of 
more than 2.6 mmol/L. No dysmorphism, cleft lip/palate 
or neurocutaneous signs were observed. Other systemic 
examinations were unremarkable. Her plasma glucose level 
was noted to be more stable at about 2.6-3.3 mmol/L only 
at a glucose infusion rate (GIR) of 15 mg/kg/min, glucagon 
infusion at 10 mcg/kg/min, and hydrocortisone given at 
1mg/kg body weight thrice a day at about 48 hours of life. 

Figure 1. (A) Girls chart: weight-for-age GIRLS [birth to 5 
years (percentile). 
https://cdn.who.int/media/docs/default-source/child-growth/child-
growth-standards/ indicators/weight-for-age/cht-wfa-gir ls-p-0-5.
pdf?sfvrsn=d4a8e3bc_12.

Figure 1. (B) Girls chart: length/height-f-r-age GIRLS [birth 
to 5 years (percentile)].
https://cdn.who.int/media/docs/default-source/child-growth/child-
growth-standards/indicators/length-height-for-age/cht-lhfa-girls-p-0-5.
pdf?sfvrsn=d15415dc_10.
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biliary tree injury, pancreatic fistula, bleeding, hepatic/
splenic injury, diabetes, and pancreatic endocrine/exocrine 
dysfunction.13 There are many published studies on the use 
of long-acting SST in the diffuse form of CHI which showed 
that it is safe, effective and resulted in improved quality of 
life. Shah et al., reported an improvement in the quality of life 
for a patient who experienced severe side effects associated 
with diazoxide while Novokreshhennyx et al., reported 
that 67% achieved euglycaemia with a therapeutic dose 
of lanreotide given at 3.5-5.5 mg/kg/month, without any 
significant side effects.12 Ivo van der Steen et al., reported 89 
% improvement in blood glucose control without any life-
threatening side effects while 37% experienced transient 
elevation of liver enzymes with the use of long-acting SST.5 

There are not many publications on the use of long-acting 
somatostatin in the focal form of CHI. The efficacy of long-
acting SST is believed to be related to the expression of 
SSTR2 in focal pancreatic tissues which would shut off the 
excessive insulin production after binding to SST.14 The 
use of long-acting somatostatin in the focal form has been 
demonstrated to be safe and effective in a very small number 
of patients from case reports since the focal form is very 
rare and a majority of patients were on standard octreotide 
treatment, and some underwent surgery.15 It was also used 
for patients who had failed pancreatic surgery with post-
operative hypoglycaemia, and for patients who refused 
surgical intervention. There were no life-threatening side 
effects associated with the use of long-acting somatostatin 
in the focal form of CHI. Our patient is a confirmed case of 
a focal form of CHI secondary to ABCC8 gene mutation. 
An 18F-DOPA PET scan is not available in many countries 
including Malaysia. To our knowledge, it is only available 
in certain European countries, the United States and Japan 
due to the short half-life of radioactive material used in 
PET scans to localise the focal lesion in CHI. Furthermore, 
pancreatic surgery for CHI should only be performed in a 
CHI centre with a high patient load. Our patient has been 
on long-acting SST for 13 months whereas the patient in the 
study of Pratik et al., was on the treatment for 7-27 months.16 
We used a brand named Sandostatin since it is easier to 
obtain compared to lanreotide. Both are SST analogues that 
are reserved for the treatment of neuroendocrine tumour in 
adults but in the paediatric population, they are used as an 
off-label medication for CHI. 

There are several complications secondary to SST treatment 
such as necrotising enterocolitis, abdominal distension, 
fat malabsorption, gall bladder sludge/stone, liver 
transaminitis, hypothyroidism and growth impairment. 
Transient transaminitis and asymptomatic gall bladder 
sludge are the most prevalent complications.17 Van der Steen 
et al., found that 13 out of 27 subjects (48%) had mainly mild 
to moderate side effects such as pain at the injection site, 
nausea, vomiting, and diarrhoea. Long-term treatment with 
SST has been associated with gall bladder stone formation, 
cholestatic jaundice, and elevated liver enzymes that are 
reversible after stopping treatment.18 It is recommended 
to regularly screen for the side effects secondary to long-
term use of octreotide in children. For our patient, she had 

highly correlated with a focal form of CHI. The pancreatic 
focal lesion should be confirmed with an 18F-DOPA PET 
scan and pancreatic surgery is recommended to remove 
the focal lesion and attain a cure of the disease.10 However, 
due to the unavailability of the 18-F Dopa and experienced 
surgeon in CHI, the diagnostic scan and surgery were 
not possible. Intensive medical therapy with regular tube 
feeding and somatostatin/octreotide were continued. 
Neurodevelopmental milestones were fairly on time, with 
a bit of speech delay. She was able to walk at the age of 12 
months, drink with a cup at 11-12 months, and speak in 2-3 
word sentences at the age of 3 years old. An intramuscular 
10 mg long-acting octreotide/Sandostatin LAR was started 
monthly in place of subcutaneous short-acting octreotide at 
the age of 3 years and 6 months old. Subcutaneous octreotide 
was gradually withdrawn over a period of 3-4 weeks. The 
patient was able to tolerate monthly injection of Sandostatin. 
HbA1C was 4.8% with a range of 4.6 to 4.9%. She had no liver 
transaminitis, IGF-1 was normal for age and there was no 
gall bladder sludge detected on ultrasound. After about few 
months on long-acting somatostatin, her parents managed 
to stop tube feeding and she no longer had food aversion. 

DISCUSSION 

Somatostatin is a peptide/somatotroph release-inhibiting 
factor that acts primarily via five transmembrane G-protein 
coupled SST receptor (SSTR 1-5). SSTR5 is highly expressed 
in beta cells. SSTR share common signalling pathways 
such as the inhibition of adenyl cyclase, activation of 
phosphotyrosine phosphatase and modulation of mitogen-
activated protein kinase through a G-protein dependent 
mechanism. SSTR 2-5 are coupled to the inward rectifying K 
channel. The binding of SST to SSTR on the beta cells results 
in the inhibition of voltage-gated calcium channels and 
reduces cAMP levels thereby inhibiting insulin release.11 

There are two formulations of octreotide/Sandostatin, 
the regular form and octreotide LAR/long-acting form. 
Octreotide is an octapeptide with 4 amino acid sequences 
essential for biological activity. The incorporation of 
N-phenylalanine, L-terminal amino-alcohol, D-tryptophan 
and cysteine bridge make them more resistant to peptidase 
degradation compared to its natural form that has a very 
short half-life of 3-5 minutes.12

The prevalence of CHI is 1 in 50000 live births. Most 
individuals with CHI respond to first-line treatment with 
diazoxide and only about 40% are resistant. Eighty to ninety 
percent of diazoxide-resistant CHI have a mutation in the 
KATP channel. Pancreatic ß -cells express KATP channels that 
are needed for normal insulin secretion and are targets for 
drugs that modulate insulin secretion. This is made up of 4 
subunits encoded by KCNJ11 or ABCC8 genes. Inactivating 
mutations in the genes encoding the two subunits of 
the ATP-sensitive potassium cause diazoxide-resistant 
CHI.5 Long-acting SST has been used for the treatment of 
diazoxide-resistant CHI secondary to diffuse form since 
surgery for diffuse form carries more short-term and long-
term complications such as persistent hypoglycaemia, 
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a transient increase in liver enzymes with a high dose of 
SST at the age of about 1-2 years old. The side effects were 
dose-dependent and later on, the liver enzymes normalised 
with the reduction of SST doses, optimization of enteral 
feeding and transition to long-acting SST. 

CONCLUSION

The case illustrates that focal CHI may be managed 
by administering monthly long-acting SST. The use of 
long-acting SST could result in avoidance of pancreatic 
surgery which may be associated with short- and long-
term complications. It is a good alternative for countries 
without access to 18F-DOPA PET scans or a high-volume 
surgeon. This conservative approach seems to achieve 
acceptable glycaemic control and a better quality of life. It 
is less stressful to the patient and parents since the injection 
is only monthly. The side effects are less compared to oral 
diazoxide and subcutaneous octreotide that require multiple 
injections a day. This approach would also be more popular 
since CHI becomes less severe as the patient gets older due 
to the gradual increase in the rate of focal β-cell apoptosis.19
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