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ongenital hyperinsulinism (CHI), a 
clinically and genetically heterogene-
ous disease, is the most common cause 
of persistent hypoglycemia in infancy. 
It is characterized by the unregulated 

secretion of insulin from pancreatic β-cells in re-
lation to blood glucose concentration. The most 
common form of CHI is associated with auto-
somal recessive mutations in genes ABCC8 and 
KCNJ11, encoding the two subunits of the pan-
creatic β-cell ATP sensitive potassium channel 
(KATP). When the disease presents in the neo-
natal period, early diagnosis and maintenance of 
normoglycaemia are essential to prevent adverse 
neurodevelopmental outcomes. Prenatal diagno-
sis of CHI with a known mutation is a promising 
new avenue which will ensure early and appro-
priate postnatal intervention and improved long 
term outcome. We report a case of neonatal CHI 
due to homozygous recessive mutation in the 
ABCC8 gene. The parents were asymptomatic 
carriers of ABCC8 gene. A review of literature 
and update on the genetics of the disease is pre-
sented in this article.  
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Introduction 

Congenital hyperinsulinism (CHI) also re-
ferred to as Persistent Hyperinsulinemic Hy-

poglycemia of Infancy (PHHI), and previous-
ly called familial hyperinsulinism or primary 
islet cell hypertrophy (nesidioblastosis), is 
the most common of persistent hypoglycemia 
in infancy.1,2 CHI is a clinically and genetically 
heterogeneous disease.2 The clinical manifesta-
tions range from life-threatening hypoglyce-
mia, presenting on the first day of life to only 
mildly symptomatic hypoglycemia in a child or 
adolescent, and may be difficult to identify. 
The response to medical and surgical therapy 
also varies. CHI is characterized by the unre-
gulated secretion of insulin from pancreatic 
β-cells in relation to the blood glucose con-
centration. It occurs in sporadic and familial 
forms. The incidence of the sporadic form is 
1 in 40,000 live births; while that of the fa-
milial form is 1 in 2500 live births.3 The clin-
ical severity of CHI varies with the age of 
onset. The most severe form occurs in neo-
nates and has major implications for man-
agement, outcome and genetic counseling.2 
Children usually present in the first month of 
life with hypothermia, hypotonia, seizures 
and loss of consciousness, 4 with the condi-
tion sometimes being detected accidently.4 
The delay in the diagnosis and management 
is the major cause of permanent brain dam-
age and neurological deficits.5, 6  
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The most common form of CHI is asso-
ciated with autosomal recessive mutations in 
the ABCC8 and KCNJ11 genes encoding the 
two subunits of the pancreatic β-cell ATP 
sensitive potassium channel (KATP).2 Muta-
tions are found in only 50% of cases, while in 
the remaining 50%, the genetic etiology re-
mains unknown. We present here the case of 
a newborn with severe CHI due to a novel 
homozygous recessive mutation in the 
ABCC8 gene.  

 
Case report 

A full term baby girl, birth weight 5.4 kg, 
was born by normal vaginal delivery to a 32 
year-old G6P5 non diabetic mother, who had 
pregnancy induced hypertension controlled 
with methyldopa. The baby was in good con-
dition at birth with Apgar scores of 9 & 10 at 
1 and 5 minutes respectively. The baby did 
not have any dysmorphic features or conge-
nital anomalies; her parents were first degree 
cousins, and their previous five children aged 
3.5, 6, 8, 10 and 12 years old were all nor-
mal; there was no relevant family history.  

Due to being large for date the baby was 
admitted in the NICU where she developed 
symptomatic hypoglycemia within 30 mi-
nutes of birth (dextrostix 1.1 mmol/L). She 
was treated with IV glucose and oral feeds, 
despite which she continued to have persis-
tent hypoglycemia, eventually being given a 
30mg/kg/min of intravenous dextrose with 
intravenous glucagon infusion to maintain 
normoglycaemia. Her serum insulin levels 
were persistently elevated (range 22-84 
µU/mL) during hypoglycemic episodes 
(blood glucose range 1.8-2.2 mmo//L), the 
ultrasound and CT scan of her abdomen were 
normal as was her metabolic screen (Arterial 
blood gas, 17Hydroxyprogesterone, Thyroid 
stimulating hormone, Biotinidase, Galacto-
semia and PKU) and the serum ammonia 
level (49 μmol/L). Her insulin/glucose ratio 
remained between 0.6 and 1.0 (normal <0.3), 
and urine was negative for ketones. Echocar-
diography, done at one week of age, showed 
mild hypertrophic cardiomyopathy.  

The patient did not improve with medical 
treatment. At four weeks of age, near total 
pancreatectomy was done after intraoperative 
biopsies from the tail, body, head and the un-
cinate process of the pancreas confirmed the 
diffuse nature of the disease. This resulted in 
marked clinical improvement; IV fluids were 
discontinued, glucagon stopped and she was 
gradually weaned to exclusive demand feed-
ing by bottle with starch (Polycose 5 g) add-
ed to every 60 mL of feed. Post surgery, she 
continued to have intermittent episodes of 
hypoglycemia and her insulin levels ranged 
between 7μU/mL and 10μU/mL during these 
hypoglycemic episodes (blood glucose range 
1.8-2.4 mmol/L). This was treated with IV 
stomatostatin infusion, 15 μg/min, which sta-
bilized her blood glucose levels and the infu-
sion was gradually discontinued over a two 
week-period, being replaced by oral diazox-
ide 60 mg, 8 hourly. She was managed with 
high calorie feeds. Unfortunately she contin-
ued to have hypoglycaemic episodes, and be-
came symptomatic of persistent hypertrophic 
cardiomyopathy (respiratory distress includ-
ing tachypnoea and subcostal recession re-
quiring oxygen by nasal canula) necessitating 
continued hospitalization. A repeat ECHO at 
4 months of age showed mild to moderate 
hypertrophic cardiomyopathy with mild bi-
ventricular outlet tract obstruction. Her 
weight gain was high (900 grams during the 
first four weeks of life), reflecting severe per-
sistent hyperinsulinaemia and a very high 
anabolic state; the weight, which at birth was 
above the 95th centile, was still at the same 
centile at four months of age. Both height 
and head circumference, which were above 
95th centile at birth, decreased to the 90th 
centile at four months of age.  

At the age of 7 months, a second surgery 
was done, during which most of the remain-
ing pancreas was removed. There was no re-
generation of the remaining pancreatic tissue 
and histological evaluation of the pancreas 
revealed the same histological findings as be-
fore. One week after the second surgery, 
blood sugar (range 3.1 mmol/L- 4.2 mmol/L) 
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and the insulin levels (3 µU/mL) normalized. 
She was taken off somatostatin and diazoxide 
and successfully fed normal infant formula. 
The general condition of the baby improved 
and an echocardiogram, at three weeks after 
second surgery, showed improvement in the 
cardiomyopathy; the rate of weight gain also 
started to slow down.  

 
Pathologic description of the removed 
pancreas 

Gross description: The specimen com-
prised of a near total pancreatectomy speci-
men, measuring 3×2×1.5 cm; it had the usual 
lobulated yellow surface; no discrete mass le-
sions could be identified and the major duct 
was unremarkable.  

Microscopic description: Sections revealed 
a pancreas with preserved lobular architec-
ture; the lobules showed significant increase 
in the number of islets of Langerhans (hyper-
plasia), some lobules showing 7 to 8 islets. In 
addition, the islets showed significant in-
crease in their size (hypertrophy), most of the 
islets were 300-500 micrometer in diameter 
(Fig.1), some reaching up to 900 microme-
ters. Some islets were seen in intimate rela-
tion with exocrine ducts, forming the so 
called ductulo-insular complex (Fig.2). The 
cells forming the islets did show mild nuclear 
pleomorphism but no significant necrosis or 
mitosis was seen. Immunohistochemistry 
highlighted the islets using antibodies against 
chromogranin and neuron specific enolase 
(NSE). Majority of the cells within the islets 
were of the B-cell type, with occasional cells 
staining with other cell types (alpha, delta, 
PP).  

 
Genetic analysis of the ABCC8 and 
KCNJ11 genes 

Blood samples for genetic testing from 
the baby and both parents were taken in the 
Great Ormond Street Hospital London UK. 
The genetic sequencing was done in Exeter 
UK. Genomic DNA was extracted from peri-
pheral blood leukocytes using standard pro-
cedures. 

 
 
Fig.1. High resolution image showing large  
diameter of one islet of 500 microns 
(Hematoxylin & Eosin x400) 
 

 
 

Fig.2 Hypertrophied islet surrounding duct 
(dutolo-insular complex)(Hematoxylin & Eosin 
x400)  

 
The 39 exons of the ABCC8 gene were 

amplified by PCR and the products were se-
quenced using Big Dye Terminator cycler 
sequencing Kit v3.1 and sequencing reactions 
were analysed on an ABI3730 analyzer. Se-
quence analysis identified a homozygous 
novel missense mutation A390E in exon 7 of 
the ABCC8 gene. The C>A mutation at nuc-
leotide 1169 (c1169C>A) results in the subs-
titution of glutamic acid for alanine at codon 
390. This alanine residue is conserved across 
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species. Both parents were confirmed carriers 
of the ABCC8 gene.  

 
Discussion 

Rapid diagnosis and prompt management 
of CHI are the cornerstones for preventing 
brain damage and mental retardation; its di-
agnosis should be suspected in any patient 
who has persistent hypoglycaemia associated 
with a glucose requirement of >8 mg/kg/min 
to maintain normoglycaemia, since during 
the newborn period, it is rare for any other 
condition to cause such severe hypoglycae-
mia requiring a very high glucose intake. 
There is no correlation between the serum in-
sulin level and the severity of hypoglycemia. 
The serum insulin level may not be signifi-
cantly elevated but the presence of insulin in 
the face of hypoglycaemia is a sign of unre-
gulated insulin secretion. Aynsley-Green et 
al’s published diagnostic criteria for CHI in-
clude an increased glucose requirement >8 
mg/kg/min, absence of ketonuria, and a gly-
cemic response to glucagon.7 Once the diagno-
sis is suspected, the management needs to be 
prompt. Since these patients are unable to gen-
erate alternative brain fuels (such as ketone bo-
dies), their blood glucose levels should be 
maintained within the normal range (3.5-5.5 
mmol/L). This can be accomplished by giving 
a combination of concentrated intravenous dex-
trose infusions and enteral feeds.  

Histologically CHI is either diffuse or foc-
al. The diffuse type of CHI is characterized 
by large β-cells with abnormally large nuclei 
distributed throughout the whole pancreas, 
whereas the focal type consists of an adeno-
matous hyperplasia confined to one region of 
the pancreas. Preoperative differentiation be-
tween focal and diffuse type of CHI is very 
helpful in the management and should be car-
ried out using positron emission tomography 
(PET) whenever possible.2 Focal disease is 
curable with partial pancreatectomy with a 
few long term complications.2 Until recently 
highly invasive methods such as intrahepatic 
pancreatic portal venous sampling, the intra-
arterial calcium stimulation and venous sam-

pling test and insulin response testing to 
intravenous glucose, calcium, and tolbuta-
mide were used to differentiate between focal 
and diffuse types of CHI. More recently 18F-
DOPA-PET has successfully replaced these 
techniques.8,9 In addition the 18F-DOPA-
PET is also useful in locating ectopic pan-
creatic foci.10 In our case, none of these tests 
were done due to their unavailability in the 
primary hospital.  

As 18 F-DOPA-PET scanning technology 
is not available in all centers, it is now possi-
ble to differentiate diffuse disease in some 
patients from focal by using rapid genetic 
analysis; these patients will have either ho-
mozygous or compound heterozygous muta-
tion in genes ABCC8 or KCNJ11. On the 
other hand those with focal disease will have 
a paternal mutation in the ABCC8 or 
KCNJ11 genes associated with loss of hete-
rozygosity of the maternal 11p allele in the 
focal lesion. Hence in patients with consan-
guinity, it is likely that the diffuse disease is 
associated with homozygous or compound 
heterozygous mutation in genes ABCC8 or 
KCNJ11, (as in our patient). Therefore in pa-
tients with genetically confirmed diffuse dis-
ease, no further imaging is required with 
18F-DOPA-PET scan.  

The molecular basis of recessive inactivat-
ing ABCC8 and KCNJ11 mutations involves 
multiple defects in KATP channel biogenesis 
and turnover, in channel trafficking from the 
endoplasmic reticulum and Golgi apparatus 
to the plasma membrane and alterations of 
channels in response to both nucleotide regu-
lation and open-state frequency.  

KATP channels have a key role in the phy-
siology of many cells, and any defects either 
in the channel itself or in its regulation can 
lead to diseases in humans. Functionally 
KATP channels provide a means of linking 
the electrical activity of a cell to its metabolic 
state by sensing changes in the concentration 
of intracellular nucleotides and in some cases 
they mediate the actions of hormones and 
transmitters.11 The pancreatic KATP channel 
is a functional complex of the sulfonylurea 
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receptor 1 (SUR1) and an inward rectifier po-
tassium channel subunit (Kir 6.2) and plays a 
pivotal role in regulating insulin secretion 
from the β-cell.12 The Kir 6.2 forms the pore 
of the channel and the SUR1 (an ATP Bind-
ing Cassette Transporter) acts as a regulatory 
subunit.  

KATP channels are regulated by adenine 
nucleotides to convert changes in cellular 
metabolic levels into membrane excitability. 
Each subunit of the KATP channel is known 
to be differentially regulated. The Kir 6.2 
subunit determines the biophysical properties 
of the channel complex including K+ selec-
tivity, rectification, inhibition by ATP and 
activation by acyl-CoAs.13 The sulfonylurea 
receptors endow KATP channels with sensi-
tivity to the stimulatory actions of Mg-
nucleotides and KATP channel openers (e. g. 
diazoxide, nicorandil) and the inhibitory ef-
fects of sulphonylureas and glinides.14 

The genetic aetiology of focal CHI is dis-
tinct from that of diffuse CHI. Focal adeno-
matous hyperplasia involves the specific loss 
of the maternal 11p15 region and a constitu-
tional mutation of a paternally inherited allele 
of the genes ABCC8/KCNJ11 encoding the 
KATP channel.15-19 The specific loss of the 
maternal 11 p 15 region within the focal re-
gion results in paternal isodisomy and a pa-
ternally inherited mutation in ABCC8/ 
KCNJ11.20, 21 The reduction to homozygosity 

of a paternally inherited ABCC8/KCNJ11 
mutation within the focal lesion leads to un-
controlled secretion of insulin. Diffuse dis-
ease is inherited in an autosomal recessive or 
dominant manner which is distinct from that 
of focal disease.  

Prenatal diagnosis is also possible when the 
mutation in the index case is known. William 
H. Peranteau and colleagues reported, for the 
first time, a prenatal diagnosis of diffuse CHI 
in a baby with a known family mutation and 
sibling affected with CHI.5 

To conclude, the diagnosis and manage-
ment of hyperinsulinaemic hypoglycaemia in 
newborns remains a challenge for neonatolo-
gists and endocrinologists. Early diagnosis 
and maintenance of normoglycaemia is es-
sential, as without adequate glucose control, 
an adverse neurodevelopmental outcome is 
very likely. Prenatal diagnosis of CHI with a 
known mutation is a promising new avenue 
which will ensure early and appropriate post-
natal intervention and improved long term 
outcome.  
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