
163© Springer Nature Switzerland AG 2019 
S. Llahana et al. (eds.), Advanced Practice in Endocrinology Nursing, 
https://doi.org/10.1007/978-3-319-99817-6_8

Congenital Hyperinsulinism (CHI)

Claire Gilbert, Kate Morgan, Louise Doodson, 
and Khalid Hussain

Contents
8.1       �Introduction.�   165

8.2       �Clinical Presentation of CHI�   166

8.3       �Biochemical Basis of CHI	 �   166

8.4       �Diagnosis of CHI	 �   167

8.5       �An Example of a Hypoglycaemia Screen�   168

8.6       �Causes of CHI�   168

8.7       �Transient CHI�   168

8.8       �Persistent CHI�   169

8.9       �Management of a Patient with CHI�   170

8.10     �Medical Therapy�   170

8.11     �Case Study to Illustrate an Infant’s Presentation, Diagnosis,  
and Treatment for CHI�   171

8.12     �Neurological Outcomes�   174

8.13     �Advances in Treatments for CHI�   174

8.14     �Conclusions..�   174

8.15     �Questions to Consider�   174

�References�   175

Abstract
The aim of this chapter is to highlight a rare 
endocrine condition (Congenital 
Hyperinsulinism, CHI), which can cause low 
blood glucose levels leading to permanent 
brain injury. Many Paediatric Nurses are unfa-
miliar with this condition. CHI is caused by 
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unregulated insulin secretion from the pan-
creas and typically presents in the newborn 
period, but it can also present later in life. It is 
imperative for Paediatric Nurses to be knowl-
edgeable on the subject of CHI as they are 
usually the first to identify the infant’s low 
blood glucose levels, often accompanied by 
non-specific symptoms such as floppiness, jit-
teriness, fitting, lethargy, or poor feeding. It is 
always important to consider CHI if an infant 
or child presents with unexplained recurrent 
and persistent hypoglycaemia.

The chapter will focus on understanding 
how to interpret blood glucose levels, explain 
the biochemical basis of CHI, provide some 
background to the genetic causes of CHI, dis-
cuss the signs and symptoms of hypoglycae-
mia and finally, offer guidance for the 
diagnosis and management of patients with 
CHI. A case study will be used to illustrate 
the importance of early identification and 
prompt treatment.
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Abbreviations

18F-DOPA 	 Fluorine-18-l-dihydroxyphe
nylalanine

A&E	 Accident and Emergency
ABCC8	 ATP Binding Cassette Subfamily 

C Member 8
ADP	 Adenosine diphosphate
ATP	 Mitochondrial adenosine 

triphosphate
b-HOB	 Beta-hydroxybutyrate
CHI	 Congenital hyperinsulinism
CNS	 Clinical Nurse Specialist
CRP	 C-reactive protein
EEG	 Electroencephalogram
GA	 General anaesthetic
GCK	 Glu-cokinase
GH	 Growth hormone
GLUD1	 Glutamate dehydrogenase

G.P	 General Practitioner
HADH	 Hydroxyacyl-coenzyme A 

dehydrogenase
HNF1A	 Hepatocyte nuclear factor 1A
HNF4A	 Hepatocyte nuclear factor 4A
KATP	 Mitochondrial adenosine 

triphosphate-sensitive potassium
KCNJ11	 Potassium Voltage-Gated Channel 

Subfamily J Member 11
Kgs	 Kilograms
Kir6.2	 Inward rectifying potassium 

channel
mg/kg/day	 Milligram per kilogram per day
mg/kg/min	 Milligram per kilogram per 

minute
mL/kg	 Millilitre per kilogram
mLs/kg/day	 Millilitres per kilogram per day
mm	 Millimetre
mmols/L	 Millimoles per Litre
MODY	 Maturity onset diabetes of the 

young
MRI	 Magnetic resonance imaging
mTOR	 Mechanistic target of rapamycin
mU/L	 Milliunits per Litre
NEFA	 Non-esterified fatty acids
NHS	 National Health Service
nmol/L	 Nanomole per litre
PES	 Pediatric Endocrine Society
PET	 Positron emission tomography
pmol/L	 Picomoles per litre
SLC16A1	 Solute Carrier Family 16 Member 

1
SLE	 Systemic lupus erythematosus
SUR 1	 Sulfonylurea receptor
μg/L	 Micrograms per litre
μmol/L	 Micromole per litre

Key Terms
•	 Hypoglycaemia screen: Diagnostic investi-

gation to examine endocrine and metabolic 
causes of hypoglycaemia.

•	 Transient hyperinsulinism: Usually occurs 
for a short period post birth. Can occur with or 
with out  associated risk factors.

•	 Persistent congenital hyperinsulinism: 
Ongoing hypoglycaemia often needing ongo-
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ing medical or surgical treatment and can be 
subdivided into focal or diffuse disease.

•	 Focal disease: A specific area of the pancreas 
is affected. Focal lesions are usually small, 
measuring 2–10 mm across.

•	 Diffuse disease: Affects the entire pancreas. It 
can be inherited in a recessive or dominant 
manner or can occur sporadically.

8.1	 �Introduction

Congenital hyperinsulinism (CHI) is a serious 
disorder, which, whilst rare, can have lifelong 
consequences, with severe psychomotor retarda-
tion and epilepsy being more common in patients 
who present in the neonatal period (Menni et al. 
2001). The incidence of sporadic forms of CHI is 
about 1  in 40,000–50,000 with familial forms 
more common in communities with high consan-
guinity (Glaser et al. 2000).

CHI is characterized by the presence of insu-
lin in the blood at an inappropriately high level 
for the concentration of blood glucose (Aynsley-
Green et  al. 2000). Insulin is a hormone pro-
duced by the beta-cells of the pancreas; its 
purpose is to lower blood glucose levels, facili-
tating the transport of glucose into the body’s 
cells (Fain 2009). In CHI, the inappropriately 

high insulin switches off all alternative fuels for 
the brain to use (free fatty acids and ketone bod-
ies), hence the risk of brain injury and even 
death.

There has been much debate over the defini-
tion of hypoglycaemia, especially in the neo-
natal population. This uncertainty has caused 
confusion in the past as to when to diagnose 
CHI and how to treat hypoglycaemia. The 
Pediatric Endocrine Society (PES) considered 
this gap in evidence-based knowledge and in 
2015 convened an expert panel of Paediatric 
Endocrinologists and Neonatologists. Articles 
on transitional neonatal hypoglycaemia made 
recommendations for the diagnosis and man-
agement of persistent hypoglycaemia. Stanley 
et  al. (2015) suggests that during the first 
24–48  h of life, the normal neonates’ blood 
glucose level is typically lower due to the tran-
sitional phase from intrauterine to extra uterine 
life. This initial period of hypoglycaemia is 
called transitional neonatal hypoglycaemia and 
should be managed according to the clinical 
symptoms and findings at the time. The PES 
recommends that the focus for the first 24–48 h 
of life should be on stabilization of glucose 
levels; however, after this initial transitional 
period, the physiological and biochemical 
mechanisms regulate the blood glucose level 
above 3.5  mmols/L.  (Guemes et al. 2016; 
Thornton et  al. 2015) highlights the impor-
tance of distinguishing between the normal 
neonates who may have transitional hypogly-
caemia and the infants who have identifiable 
risk factors for CHI, including those normal 
neonates whose hypoglycaemia persists 
beyond 3  days. These neonates need prompt 
diagnosis and effective treatment to avoid the 
known serious consequences of hypoglycae-
mia including seizures and brain injury.

Nurses and midwives by the bedside have the 
potential to identify these infants with hypogly-
caemia and to prevent possible brain injury. If 
there is any concern that an infant is displaying 
symptoms such as poor feeding, lethargy, and jit-
teriness, then a simple blood glucose measure-
ment is essential to identify if the infant is 

Key Points
•	 If the infant has persistent hypoglycae-

mia, then the diagnosis of congenital 
hyperinsulinism (CHI) should be 
considered.

•	 Nurses at the bedside should have a low 
threshold for checking blood glucose 
level in any infants who are symptom-
atic of hypoglycaemia.

•	 Early referral to a specialist CHI centre 
is important to establish best medical 
treatment and outcomes.

•	 A full multidisciplinary team should be 
in place in order to fully support and 
guide the family in the treatment needed.

8  Congenital Hyperinsulinism (CHI)
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hypoglycaemic. Normal blood glucose values as 
in Box 8.1.

8.2	 �Clinical Presentation of CHI

Patients presenting with CHI can have persis-
tent or recurrent hypoglycaemia despite fre-
quent/continuous feeds or intravenous glucose 
(Kapoor et al. 2009a). Many neonates with CHI 
typically present at birth though older infants 
and children can show signs of hypoglycaemia 
when fasting. As already stated, hypoglycaemic 
symptoms are often non-specific, but infants are 
typically lethargic and hypotonic with seizures 
(Guemes et  al. 2016). Parents often describe 
their infants as “not feeding well, sleepy and jit-
tery”. For the nurse by the bedside, a simple 
blood glucose reading at this time is a powerful 
tool. Unfortunately, this has been known to be 
overlooked. Clinical examination may also 
detect macrosomia, cardiomyopathy, and hepa-
tomegaly, but the absence of these does not 
exclude CHI.

On taking a clinical history, there are key 
questions to ask when faced with an infant with 
CHI, which include the following:

•	 A thorough neonatal and birth history (look-
ing for risk factors such as prematurity, small 
size for gestational age, and perinatal stress).

•	 Length of time for which the infant can fast (is 
this appropriate for age and weight?).

•	 Family history of diabetes mellitus (gesta-
tional or in any family member).

•	 Relationship between hypoglycaemic epi-
sodes to the timings of feeds or certain foods 
(e.g. protein or large intakes of glucose).

•	 In older patients, a potential relationship 
between hypoglycaemia and exercise. It is 
important to ask about this.

•	 Establishing if the infant/child has had any 
abdominal surgery, e.g. Nissens fundoplica-
tion. Again, this may be significant to the 
diagnosis and the treatment (Bufler et  al. 
2001).

•	 Establishing, where appropriate, if hypogly-
caemia is only triggered when the infant/child 
is unwell with an intercurrent illness, as this 
could be caused by other mechanisms other 
than CHI.

8.3	 �Biochemical Basis of CHI

The body maintains blood glucose concentra-
tions within a narrow range, typically 3.5–
5.5  mmol/L (Kaufman 2000). In normal 
physiology, the pancreatic beta-cells are sensi-
tive to the plasma glucose concentration and 
secrete appropriate amounts of insulin (Hussain 
2005). When describing insulin secretion from 
the pancreatic beta-cell, it is the ATP-sensitive 
potassium channels (KATP channels) that are 
thought to play a pivotal role in glucose-stimu-
lated insulin secretion. Figure  8.1 provides an 
outline of the function of the beta-cell KATP 
channel.

This channel consists of two proteins, SUR1 
and KIR6.2 (encoded by genes ABCC8 and 
KCNJ11), which are responsible for maintaining 
the electrical potential of the beta-cell membrane 
(Inagaki et al. 1995). The KATP channel in the 
beta-cell is thought to be an “on–off” switch for 
triggering insulin secretion (Dunne and Petersen 
1991). The release of insulin is a result of glucose 
being metabolized in the beta-cell, and this 
causes an increase in the intracellular ratio of 
nucleotides such as ATP/ADP which closes the 
KATP channel. When the KATP channel is 
closed, the cell membrane depolarizes, which 
causes calcium influx via voltage-gated calcium 
channels, and this is thought to be the stimulus 
for the release of insulin (insulin exocytosis) into 
the bloodstream.

Box 8.1 Normal blood glucose values

Acceptable blood glucose range in a tertiary 
specialist centre (in the UK)
3.5 mmol/L—10.0 mmol/L or 63 mg/
dL—180 mg/dL
(To convert mmol/L to mg/dL multiple by 18)

C. Gilbert et al.
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In CHI, the beta-cells constantly release 
inappropriate amounts of insulin which is not 
regulated by the blood glucose level (Aynsley-
Green et al. 2000). One of the major causes of 
this continuous inappropriate insulin produc-
tion is the “on–off” KATP channel being faulty 
and permanently in the closed position, result-
ing in insulin exocytosis. This inappropriate 
insulin secretion has several effects: it causes 
glucose to be taken up by insulin-sensitive tis-
sues (such as skeletal muscle, adipose tissue, 
and the liver); it reduces glucose production in 
the liver (via glycolysis and gluconeogenesis); 
and it suppresses fatty acid release and ketone 
body synthesis (inhibition of lipolysis and keto-
genesis) (Kapoor et  al. 2009b). This explains 
the biochemical basis of CHI being hyperinsu-
linaemic hypoglycaemia, with inappropriately 
low fatty acids and ketone body formation, 
hence the increased risk of brain injury (Kapoor 
et al. 2009b). Simply, this means that the brain 
is deprived of glucose plus fatty acids and 
ketone bodies and thus there is a risk of brain 
injury with this condition.

8.4	 �Diagnosis of CHI

Persistent hypoglycaemia and an intravenous 
glucose infusion rate  >8  mg/kg/min (normal is 
4–6 mg/kg/min) are virtually diagnostic of CHI 
(Kapoor et  al. 2009a). However to confirm the 
diagnosis, critical blood samples are needed dur-
ing a controlled hypoglycaemia screen (See 
Table  8.1) (Steinkrauss et  al. 2005). A central 
venous access device is often the only way to 
safely administer high concentrations of glucose 
and to obtain these crucial blood samples. During 
this hypoglycaemia screen, there are some key 
factors the nurse must consider.

During the hypoglycaemia screen, the counter-
regulatory hormonal response to hypoglycaemia 
is examined. Glucagon, growth hormone, and 
cortisol are all endocrine hormones that act 
against insulin. These hormones all act at various 
points of glucose metabolism to increase plasma 
glucose concentration; however, insulin is a glu-
cose lowering hormone. In conclusion, if the 
hypoglycaemia screen shows that all other causes 
of hypoglycaemia are ruled out and that the 

Closure of the KATP channel

SUR1 protein
(ABCC8 gene)

Glucose
enters cell

Increase of calcium

Insulin
Exocytosis

Mitochondria

ATP/ADP ratio
increases

Cell membrane
depolarisation

KIR 6.2 protein
(KCNJ11 gene)

Calcium enters cell

Fig. 8.1  Illustrates the mechanism of insulin secretion when glucose enters the pancreatic beta cell
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insulin level is inappropriately raised for the 
blood glucose level, with corresponding low 
ketone bodies and fatty acids, then CHI is diag-
nosed (Aynsley-Green et al. 2000).

8.5	 �An Example of a 
Hypoglycaemia Screen

*Plasma glucose 2.0  mmol/L (normal 
range = 3.5–5.5 mmols/L).
*Insulin 7.5 mU/L (Abnormally raised during 
hypoglycaemia).

Serum cortisol 450 nmol/L.
Serum glucagon 12 (normal = <50 pmol/L).
Serum GH 1.6 μg/L (normal = 0.9–14.1 μg/L).
Serum ammonia 36 mmol/L (normal  =  <40 

μmol/L).
Plasma lactate 1.3 mmol/L (normal = 0.7–2.1 

mmol/L).
*Serum NEFA 0.07 mmol/L (Fatty acids— 
suppressed).
*Serum b-HOB <0.05 mmol/L (Ketone 
bodies—suppressed).

Acyl-carnitine profile reported as normal.
Urine organic acids: no abnormality.

*Glucose requirement of 20  mg/kg/min. 
(Normal = 4–6 mg/kg/min to maintain blood 
glucose levels above 3.5 mmols/L).
*Indicates results are abnormal.

8.6	 �Causes of CHI

KAPT channel defects (encoded by genes 
ABCC8 and KCNJ11) account for the major-
ity of causes of CHI though abnormalities in 
other genes account for the dysregulation of 
insulin secretion of approximately 10% of 
patients with CHI (Nessa et al. 2015). CHI is 
known to be caused by mutations in certain 
identified genes (See Table  8.2); however, 
there is ongoing research to explore other 
genetic causes.

8.7	 �Transient CHI

CHI can be subdivided and is distinguished by 
the length of treatment required and the infant’s 
response to medical management. If CHI is evi-
dent for only a short duration and is simply 
treated with a small dose of diazoxide, then tran-
sient CHI is the diagnosis and is usually associ-
ated with intrauterine growth retardation, the 
infants of diabetic mothers, or infants with peri-
natal asphyxia (Mehta and Hussain 2003). 
Transient hyperinsulinism can, however, occur in 
infants with no predisposing factors. Also, some 
syndromes are also associated with CHI such as 
Beckwith-Wiedemann syndrome (Munns and 
Batch 2001).

Table 8.1  Hypoglycaemia Screen

Local practice at a UK tertiary specialist centre when performing a hypoglycaemia screen
1. � If the infant has had a general anaesthetic (GA) for a central venous line insertion, then it is important to wait 

24 h after the GA to ensure the stress hormones are not raised, thus altering the hypoglycaemia screen results. 
(This is a practice based on experience in a NHS tertiary hospital.)

2. � When weaning the intravenous glucose infusion rate, it is essential to do this slowly to ensure accuracy of the 
results.

3. � All diagnostic bloods (see an example hypoglycaemia screen results) and urine should be taken when the patient 
is hypoglycaemic <3.0 mmols/L.

4. � The laboratory glucose must be a capillary sample. At no time should a true glucose sample be taken from the 
intravenous line, through which glucose has been administered, as contamination can occur. From clinical 
experience, capillary samples are always advocated for laboratory glucose samples.

5. � Based on clinical practice at an NHS tertiary hospital, the hypoglycaemia screen blood samples are taken when 
the blood glucose level is <3.0 mmols/L, ensuring the patient is hypoglycaemic for the shortest amount of time 
possible. Often this means that two nurses are required (one taking the blood samples from the central venous 
line and the other obtaining the capillary laboratory glucose).

6. � Once all the samples are obtained, the hypoglycaemia is corrected by administering. 1 mL/kg 10% glucose 
bolus and intravenous fluids are recommenced. The blood glucose level is immediately rechecked and checked 
again after 10 min to ensure the patient is no longer hypoglycaemic.

C. Gilbert et al.
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8.8	 �Persistent CHI

Persistent CHI is characterized by ongoing hypo-
glycaemia, often needing complex medical or sur-
gical treatment. Histological examination of 
pancreatic tissue from patients who have under-
gone a pancreatectomy shows that there are two 
major histological forms of CHI, diffuse, and focal 
(Rahier et  al. 2002). Focal lesions are character-
ized by beta-cell hyperplasia in a small lesion sur-
rounded by normal pancreatic tissue (See Fig. 8.2).

These small lesions often measure only 
2–10  mm and are invisible to the naked eye, 
though they produce excessive insulin, causing 
severe hypoglycaemia. Approximately 40–50% 
of infants with persistent CHI will have the 
focal form; however, this focal CHI is consid-
ered to be sporadic with very low chances of it 
occurring again in the same family (Ismail et al. 
2011). Genetic blood results from the infant and 
both parents are used to lead the clinician in 
identifying those patients who need an 
18F-DOPA-PET (positron emission tomogra-
phy) scan to determine if the patient has a focal 

lesion, and if so, its position in the pancreas 
(See Fig. 8.3).

Diffuse CHI (See Fig. 8.4) affects the whole of 
the pancreas and is characterized by beta-cell 
hypertrophy and hyperplasia of the whole pan-
creas. Diffuse disease can be familial or sporadic 
and can result from recessively inherited or domi-
nantly acting mutations (de Lonlay et al. 1997).

If located and completely surgically removed, 
the focal CHI can be completely cured (Barthlen 
et al. 2011). However with diffuse CHI, the aim 

Table 8.2  Genetics of CHI

Gene Inheritance
ABCC8/KCNJ11
(Nestorowicz et al. 1996)

Autosomal recessive
�– � Diffuse disease, mostly diazoxide unresponsive and often diagnosed within a 

few days of life
Autosomal dominant
–  Often diazoxide unresponsive diffuse disease
– � Later presentation can be diazoxide responsive plus have family history of type 

2 diabetes
GLUD1
(Stanley et al. 1998)

Autosomal dominant
�–  Protein (leucine)-sensitive hypoglycaemia which is diazoxide responsive
�–  Asymptomatic hyperammonemia

HADH
(Clayton et al. 2001)

Autosomal recessive
–  Diazoxide responsive
– � In some patients can have abnormal levels of acylcarnitine metabolites present in 

plasma and urine
GCK
(Davis et al. 1999)

Autosomal dominant
–  Can present at any age and variable response to diazoxide

SLC16A1
(Otonkoski et al. 2003)

Autosomal dominant
–  Exercise-induced hyperinsulinaemic hypoglycaemia

HNF4A
(Pearson et al. 2007)

Autosomal dominant
–  Patients may go on to develop MODY 1

HNF1A
(Stanescu et al. 2012)

Autosomal dominant
–  Diazoxide responsive
–  May go on to develop MODY 3

Common bile duct

Focal lesion
Pancreas
Pancreatic duct

Duodenum

Fig. 8.2  Focal Disease
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of treatment is to medically manage the condi-
tion, avoiding surgery if possible, as this could 
cause the patient to develop diabetes and pancre-
atic enzyme deficiency in the future. If the patient 
is unresponsive to all medical therapy, then surgi-
cal removal of almost the entire pancreas is occa-
sionally the only option.

8.9	 �Management of a Patient 
with CHI

In the acute management phase, high concentra-
tions of intravenous glucose (such as 20% and 
30%) are often needed to stabilize the blood glu-

cose levels above 3.5 mmols/L. An intravenous 
or subcutaneous glucagon infusion is also admin-
istered as it releases glycogen stores from the 
liver (gluconeogenesis and glycogenolysis) 
(Nessa et al. 2015). A subcutaneous infusion of 
octreotide (a somatostatin analogue) also inhibits 
insulin secretion by decreasing insulin gene pro-
moter activity and reducing insulin biosynthesis 
from pancreatic beta-cells. The aim of this acute 
treatment is to maintain a safe blood glucose 
level whilst allowing the infant to establish an 
oral feeding regimen.

8.10	 �Medical Therapy

Once the diagnosis of CHI has been established, 
medical management is trialled. The first-line 
medication is diazoxide, which needs an intact 
KATP channel in order for the channels to open 
and insulin secretion can be inhibited (Aynsley-
Green et  al. 2000). Diazoxide can cause fluid 
retention (especially in newborns) and so it must 
be used with caution, especially in patients who 
are receiving large volumes of intravenous fluids 
or oral feeds. There are also a small number of 
reports that diazoxide can potentially cause pul-
monary hypertension and possible cardiopulmo-
nary toxicity (Nebesio et  al. 2007). It is 
recommended that if pulmonary hypertension is 
identified, then diazoxide should be stopped.

Other medical treatments include subcutane-
ous octreotide injections four times a day, for 
patients who show little or no response to oral 
diazoxide. Long-acting somatostatin analogues 
such as Lanreotide administered every 28  days 
are now being used, (see Table 8.3) reducing the 
intensity of injection therapy of octreotide from 
four daily subcutaneous injections to one deep 
subcutaneous injection four weekly.

Lastly, Sirolimus, an immunosuppressant 
(mTOR inhibitor), has been successfully used in a 
small number of patients with diffuse CHI who were 
unresponsive to all previous medical treatments. It is 
suggested that sirolimus action may affect the num-
ber of insulin receptors although the mechanism in 
treatment of CHI has not been fully delineated 
(Senniappan et al. 2014). It has been recommended 

Common bile duct

Pancreas
Pancreatic duct

Duodenum

Fig. 8.4  Diffuse disease

Fig. 8.3  PET scan to localize possible focal lesion
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that sirolimus should only be used with caution in 
CHI specialized centres as adverse events have been 
reported (Szymanowski et  al. 2016). If, after all 
medical treatment has been trialled, the patient 
remains unresponsive to medical and dietary inter-
ventions, then surgery may be deemed necessary.

8.11	 �Case Study to Illustrate 
an Infant’s Presentation, 
Diagnosis, and Treatment 
for CHI

CT was born at 36 + 4 weeks gestation via a nor-
mal vaginal delivery. His birth weight was 
2.73  kgs (50th centile). His mother had been 
treated for the first 12 weeks of pregnancy with 
oral steroids due to systemic lupus erythematosus 
(SLE). All her pregnancy scans had been reported 
as normal and the labour was induced due to her 

history of SLE.  CT’s parents were non-
consanguineous and were of Filipino origin; he 
was their first child. At birth, CT was reported to 
be well and had normal neonatal baby checks. He 
was discharged after 24 h of birth, but presented 
in Accident and Emergency (A&E) on day 3 of 
life with a history of not waking and poor feed-
ing. His mother had been trying to breast feed 
him but this was not well established and CT 
received formula top ups from day 2 of life.

On presentation, CT had reportedly had jerky 
movements over the previous 12–24  h as 
described by his parents. Seizure activity was 
witnessed in A&E, which included lip smacking 
and jerking of all limbs with evident desatura-
tions. A blood glucose level at the time of presen-
tation was 0.4 mmols/L and it was estimated that 
CT had lost 20% of his body weight since birth. 
His routine bloods and a blood gas sample were 
taken and reported as unremarkable. An initial 
2 mL/kg bolus of 10% glucose was administered 
intravenously to correct his hypoglycaemia, 
which led to a clinical improvement. However, 
six further seizures were observed and two load-
ing doses of phenobarbitone, one loading dose of 
phenytoin, and two doses of clonazepam were 
required to control his seizures. CT was also ini-
tially treated for sepsis but his antibiotics were 
ceased when his CRP was reported as normal as 
well as microbiologist advice. He was com-
menced on intravenous fluids containing glucose, 
though it was noted that whenever his intrave-
nous fluids were interrupted, he would then 
become hypoglycaemic.

At this time, a referral was made to a tertiary 
specialist centre and treatment was advised. The 
initial hypoglycaemia screen showed evidence of 
CHI as the true glucose was 0.4 mmols/L with cor-
responding inappropriately raised insulin reported 
as 86 pmol/L. The protective fuels of fatty acids 
and ketones were both very low at the time of 
hypoglycaemia; hence, the diagnosis of CHI was 
made. All other metabolites were reported as nor-
mal. The local hospital reported that CT had 
abnormal tone but that he had a good suck and was 
alert on handling. An EEG was reported as normal 
though an MRI scan showed evidence of cortical 
necrosis and was sadly grossly abnormal.

Table 8.3  Lanreotide

Lanreotide is available in a pre-filled syringe containing 
60 mg Lanreotide under the brand name Somatuline® 
Autogel. It is a white to pale yellow semi-solid gel—a 
similar texture to petroleum jelly. The starting dose of 
Lanreotide is often 30 mg but is adjusted according to 
the child’s response to the medicine. The injection is 
given every 28 days—the aim is that the daily doses of 
octreotide or diazoxide can be gradually cut down and 
then stopped.
Before starting Lanreotide injections, a child will need 
a series of blood tests plus an ultrasound of their liver 
and gall bladder. During treatment, they will then need 
to have blood tests along with an ultrasound scan of 
their gall bladder every 6 months.
Lanreotide is injected into the deep layer of 
subcutaneous fat under the skin, usually in the upper 
and outer part of the buttock as there is usually a 
substantial amount of subcutaneous fat in this area. 
This also reduces the risk of hitting the sciatic nerve 
with the injection. One important way to reduce the 
pain and irritation of injections is to rotate the 
administration site. Changing injection area also 
reduces the risk of lipohypertrophy (fatty lump) 
developing. Whilst this is not dangerous, it will affect 
how the medicine is absorbed.
It is important that a child is prepared for the injection 
and distraction therapy can be used whilst the injection 
is being administered.
Parents and/or Community Children Nurses are trained 
by the Clinical Nurse Specialists to administer the 
injection at home, once treatment has been established.
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CT’s treatment was to fluid-restrict him to 
120 mL/kg/day using a combination of high con-
centration glucose intravenously via central 
venous access device and small oral feeds of 
Aptamil®. On this regime, his blood glucose lev-
els were maintained between 3.6 and 
4.8  mmols/L, and his glucose requirement was 
calculated to be slightly raised at 10 mg/kg/min. 
On reducing his fluid requirement, this allowed 
for the safe introduction of diazoxide 5 mg/kg/
day with chlorothiazide 7.5 mg/kg/day. Over the 
next 10 days, CT’s intravenous fluids were safely 
titrated with his oral feeds so that he was eventu-
ally on four hourly feeds with no hypoglycaemia, 
as he was considered to be fully responsive to 
diazoxide to control his CHI. He was discharged 
home once his parents were competent in mea-
suring his blood glucose levels pre-feed and in 
administration of his medications.

After 8 weeks, he was reviewed in the tertiary 
specialist centre where his dose of diazoxide was 
calculated to be 2.3 mg/kg/day due to his good 
weight gain, and there were no hypoglycaemic 
episodes reported by his parents. It was therefore 

decided to admit CT for two nights to reassess 
his CHI. This was done by safely stopping his 
medications 3  days prior to admission, then 
completing a 24 h glucose profile and a 6 h fast 
off diazoxide and chlorothiazide. The results 
showed that CT no longer had any hypoglycae-
mic episodes on his normal feeding regimen and 
when fasted for 6 h, his blood glucose level no 
longer dropped and his insulin level remained 
appropriately low. This means that his CHI had 
been transient in nature and had successfully 
resolved after only a short time of treatment with 
diazoxide. Despite the resolution of the CHI, 
CT’s neurological developmental needed long-
term follow-up. A multidisciplinary team 
approach is essential when caring for children 
with CHI (See Fig. 8.5).

This case study highlights the importance of 
early identification and prompt management of 
CHI, as untreated severe hypoglycaemia can 
result in severe brain injury and subsequent neu-
rodevelopment handicap. Box 8.2 demonstrates 
the management pathway from diagnosis to treat-
ment of CHI.
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Fig. 8.5  The 
multidisciplinary team
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Box 8.2 Management pathway
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and discharge

Follow up in clinic

Diagnosis of CHI

Glucose infusion rate >8mg/kg/day
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Term infants with no risk factors are often dif-
ficult to identify due to non-specific symptoms. 
Parental education to recognize early symptoms of 
hypoglycaemia would be recommended, and edu-
cation plans are drawn up and agreed with families 
(see Table 8.4) and prompt medical advice should 
be swiftly sought. Blood glucose levels measure-
ments should be of utmost priority for babies pre-
senting to midwives or A&E nurses with 
non-specific symptoms such as poor feeding and 
lethargy.

8.12	 �Neurological Outcomes

In neonates, the treatment of CHI must be dili-
gently and intensively performed to prevent irre-
versible brain damage (Hussain et  al. 2007). 
Avatapalle et  al. (2013) stated that one-third of 
patients with CHI developed some form of devel-
opmental delay. The degree of brain injury can be 
variable, with some infants developing seizures 
and global developmental delay, although some 
may have very subtle problems with memory, 
which often manifests itself when the children 
are of school age. Further studies into the long-
term neurological consequence of CHI are 
needed. The importance of the nursing role in 
identifying these patients with CHI—leading to a 
swift diagnosis and implementation of a safe 

management plan—cannot be over emphasized. 
Ultimately, by preventing hypoglycaemia, possi-
ble brain injury is also prevented.

8.13	 �Advances in Treatments 
for CHI

Research into the causes and treatment of CHI 
has recently exploded with advances in molecu-
lar genetics and medical therapies, including the 
recent use of Lanreotide and Sirolimus as treat-
ments. The 18F-DOPA-PET imaging technique 
has revolutionized the diagnostic approach and 
accuracy of localizing focal CHI, with research 
continuing to make great advances in this area. 
The surgical approach to CHI has now advanced 
to being predominately laparoscopic. With this 
continuing research and advancement of knowl-
edge, the aim is always to achieve more favour-
able outcomes for patients with this condition. 
The far-reaching objective is always to prevent 
brain injury for this patient group.

8.14	 �Conclusions

The purpose of this chapter was to briefly illus-
trate to Paediatric Nurses the importance of 
monitoring and managing blood glucose levels. 
Although CHI is a complex endocrine disorder, 
the outcome for this patient group is continu-
ously improving with evidence-based knowl-
edge and research. The key message is: early 
detection and treatment is crucial. Nurses at the 
bedside play a pivotal role in early identification 
of infants with CHI, and it is vital for them to 
have a low threshold for checking blood glucose 
levels in any infant who is symptomatic. If the 
infant has persistent hypoglycaemia, then the 
diagnosis of CHI should be considered (Kapoor 
et al. 2009b).

8.15	 �Questions to Consider

	1.	 If the bedside blood glucose monitor indicated 
hypoglycaemia and the hyposcreen results sug-
gested a diagnosis of CHI but the laboratory 

Table 8.4  Example: hypoglycaemia plan for parents

1. � If their blood glucose level is 3.5 mmols or less, 
re-check after 10 min on an alternative site.

2. � If their blood glucose level is still below 
3.5 mmols, give one-third of a Glucogel® tube and 
a small feed.

3. � Re-check their blood glucose level 10 min later to 
ensure their blood glucose level has risen.

4. � If they have had a hypo before a feed, give the full 
feed.

5. � If they continue to be hypoglycaemic and do not 
respond to Glucogel®, please repeat step 2 and call 
an ambulance to take them to the nearest hospital 
for management. This may include insertion of an 
intravenous cannula and intravenous 10% glucose 
to stabilize their blood glucose levels especially if 
they are unwell and unable to tolerate feeds.

6. � If they present to hospital with a hypoglycaemic 
episode, they should always be admitted to have 
their blood glucose levels monitored and corrected 
with intravenous glucose.
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glucose was elevated (7.8 mmols), what could 
this imply?

•	 Answer—The laboratory glucose is possibly 
inaccurate as it may have been taken from the 
intravenous line and contaminated with 
glucose.

•	 Take home message—always take laboratory 
glucose from a capillary sample, preventing 
any risk of contamination.

	2.	 A student nurse has forgotten to inform you 
that her patient’s intravenous glucose infusion 
is running out and needs changing. What 
would your actions be?

•	 Answer—(1) To check blood glucose level, 
work out how much time you have left before 
the infusion runs out. (2) Ensure you have an 
intravenous correction bolus of 1 mL/kg 10% 
glucose prescribed along with a new bag of 
fluids. (3) Urgently discuss with medical team 
appropriate intravenous fluids for the short 
term as this is an emergency. (4) Do not leave 
the patient without intravenous glucose and 
monitor blood glucose levels very closely to 
prevent hypoglycaemia.

	3.	 What would you do if your central venous 
access device was to become dislodged and 
your intravenous glucose infusion was unable 
to be delivered?
•	 Check blood glucose levels every 

5–10 min.
•	 Give glucogel in the oral mucosa and 

assess response.
•	 Examine the patient and line. If the infant 

has a central venous device, try to bleed 
back on this line using Aseptic Non-Touch 
Technique and flush to check if the line is 
patent. If the intravenous line is patent, a 
1 mL/kg bolus of 10% glucose should be 
administered. (An emergency prescription 
of 1 mL/kg 10% glucose should always be 
written for an infant at risk of hypoglycae-
mia). A rise in blood glucose level should 
be seen within 10 min. Always follow the 
hypo plan in the patient’s notes.

•	 If intravenous access is lost, please have 
two attempts of peripheral cannulation 
only. If successful, give 1 mL/kg bolus of 
10% glucose to correct hypoglycaemia. 
Then administer infusion of 10% glucose 

maintenance fluids to prevent rebound 
hypoglycaemia. (Only 10% glucose can be 
administered safely via a peripheral can-
nula. For higher concentrations, central 
access is required).

•	 In the event cannulation is not promptly 
obtained, then prescribe and give IM glu-
cagon 1  mg stat dose. This will raise the 
blood glucose level within 10 min releas-
ing the infants own glycogen stores. 
However, intravenous access must now be 
obtained as the infant will become hypo-
glycaemic once the stores of glycogen are 
utilized. An anaesthetist should be called to 
aid in cannulation or for reinsertion of a 
central line as this is now a clinical 
emergency.

Acknowledgements  Beki Moult - Health Information & 
Language Manager, Great Ormond Street for Children 
Hospital, Foundation Trust, London, UK. Dr Maria 
Guemes—Clinical Fellow—Hyperinsulinism, Great 
Ormond Street for Children Hospital, Foundation Trust, 
London, UK. Nabilah Begum—Hyperinsulinism Service 
Coordinator, Great Ormond Street for Children hospital, 
Foundation Trust, London UK. Dr Pratik Shah—Locum 
Consultant in Paediatric Endocrinology and Honorary 
Clinical Lecturer, Great Ormond Street Hospital for 
Children and UCL Great Ormond Street Institute of Child 
Health, London. Dr Ved Bhushan Arya MD PhD—
Endocrine Registrar, Great Ormond Street for Children 
Hospital, Foundation Trust, London, UK.

References

Avatapalle HB, Banerjee I, Shah S, Pryce M, Nicholson 
J, Rigby L, Caine L, Didi M, Skae M, Ehtisham S, 
Patel L, Padidela R, Cosgrove KE, Dunne MJ, Clayton 
PE.  Abnormal neurodevelopmental outcomes are 
common in children with transient congenital hyper-
insulinism. Front Endocrinol. 2013;4(60):1–6.

Aynsley-Green A, Hussain K, Hall J, Saudubray JM, 
Nihoul-Fekete C, De Lonlay-Debeney P, Brunelle F, 
Otonkoski T, Thornton P, Lindley KJ. Practical man-
agement of hyperinsulinism in infancy. Arch Dis Child 
Fetal Neonatal Ed. 2000;82:98–107.

Barthlen W, Mohnike W, Mohnike K. Techniques in pedi-
atric surgery: congenital hyperinsulinism. Horm Res 
Paediatr. 2011;75:304–10.

Bufler P, Ehringhaus C, Koletzko S.  Dumping syn-
drome: a common problem following Nissen fun-
doplication in young children. Pediatr Surg Int. 
2001;7(5):351–5.

8  Congenital Hyperinsulinism (CHI)



176

Clayton PT, Eaton S, Aynsley-Green A, Edginton M, 
Hussain K, Krywawych S, Datta V, Malingre HE, 
Berger R, van den Berg IE. Hyperinsulinism in short-
chain L-3-hydroxyacyl-CoA dehydrogenase defi-
ciency reveals the importance of beta-oxidation in 
insulin secretion. J Clin Invest. 2001;108(3):457–65.

Davis EA, Cuesta-Muñoz A, Raoul M, Buettger C, 
Sweet I, Moates M, Magnuson MA, Matschinsky 
FM.  Mutants of glucokinase cause hypoglycae-
mia- and hyperglycaemia syndromes and their 
analysis illuminates fundamental quantitative 
concepts of glucose homeostasis. Diabetologia. 
1999;42(10):1175–86.

de Lonlay P, Fournet JC, Rahier J, Gross-Morand 
MS, Poggi-Travert F, Foussier V, Bonnefont JP, 
Brusset MC, Brunelle F, Robert JJ, Nihoul Fékété 
C, Saudubray JM, Junien C. Somatic deletion of the 
imprinted 11p15 region in sporadic persistent hyperin-
sulinemic hypoglycemia of infancy is specific of focal 
adenomatous hyperplasia and endorses partial pancre-
atectomy. J Clin Invest. 1997;100(4):802–7.

Dunne MJ, Petersen OH.  Potassium selective ion chan-
nels in insulin-secreting cells: physiology, pharma-
cology and their role in stimulus-secretion coupling. 
Biochim Biophys Acta. 1991;1071(1):67–82.

Fain JA. Understanding diabetes mellitus and kidney dis-
ease. Nephrol Nurs J. 2009;36(5):465–9.

Glaser B, Thornton P, Otonkoski T, Junien C.  Genetics 
of neonatal hyperinsulinism. Arch Dis Child Fetal 
Neonatal Ed. 2000;82:79–86.

Guemes M, Rahman SA, Hussain K.  What is a normal 
blood glucose? Arch Dis Child. 2016;101(6):569–74.

Hussain K.  Congenital hyperinsulinism. Semin Fetal 
Neonatal Med. 2005;10(4):369–76.

Hussain K, Blankenstein O, de Lonlay P, Christesen 
HT.  Hyperinsulinaemic hypoglycaemia: biochemi-
cal basis and the importance of maintaining nor-
moglycaemia during management. Arch Dis Child. 
2007;92:568–70.

Inagaki N, Gonoi T, Clement JP, Namba N, Inazawa 
J, Gonzalez G, Aguilar-Bryan L, Seino S, Bryan 
J.  Reconstitution of IKATP: an inward rectifier 
subunit plus the sulfonylurea receptor. Science. 
1995;270(5239):1166–70.

Ismail D, Smith VV, de Lonlay P, Ribeiro MJ, Rahier J, 
Blankenstein O, Flanagan SE, Bellanne-Chantelot 
C, Verkarre V, Aigrain Y, Pierro A, Ellard S, Hussain 
K.  Familial focal congenital hyperinsulinism. J Clin 
Endocrinol Metab. 2011;96(1):24–8.

Kapoor R, James C, Hussain K. Advances in the diagnosis 
and management of hyperinsulinemic hypoglycaemia. 
Nat Clin Pract Endocrinol Metab. 2009a;5(2):101–12.

Kapoor R, Flanagan SE, James C, Shield J, Ellard S, 
Hussain K. Hyperinsulinaemic hypoglycaemia. Arch 
Dis Child. 2009b;94:450–7.

Kaufman FR. Role of the continuous glucose monitoring 
system in pediatric patients. Diabetes Technol Ther. 
2000;2(Suppl 1):49–52.

Mehta A, Hussain K.  Transient hyperinsulinism associ-
ated with macrosomia, hypertrophic obstructive car-

diomyopathy, hepatomegaly and nephromegaly. Arch 
Dis Child. 2003;88(9):822–4.

Menni F, de Lonlay P, Sevin C, Touati G, Peigne C, 
Barbier V.  Neurologic outcomes of 90 neonates and 
infants with persistent hyperinsulinemic hypoglycae-
mia. Pediatrics. 2001;107:476–9.

Munns C, Batch J.  Hyperinsulinism and Beckwith-
Wiedemann syndrome. Arch Dis Child Fetal Neonatal 
Ed. 2001;84(1):67–9.

Nebesio TD, Hoover WC, Caldwell RL, Nitu ME, Eugster 
EA.  Development of pulmonary hypertension in an 
infant treated with diazoxide. J Pediatr Endocrinol 
Metab. 2007;20(8):939–44.

Nessa A, Asim Rahman S, Hussain K. Molecular mecha-
nisms of congenital hyperinsulinism and prospec-
tive therapeutic targets. Expert Opin Orphan Drugs. 
2015;3(8):1–11.

Nestorowicz A, Wilson BA, Schoor KP, Inoue H, Glaser 
B, Landau H, Stanley CA, Thornton PS, Clement JP 
IV, Bryan J, Aguilar-Bryan L, Permutt MA. Mutations 
in the sulonylurea receptor gene are associated with 
familial hyperinsulinism in Ashkenazi Jews. Hum Mol 
Genet. 1996;5(11):1813–22.

Otonkoski T, Kaminen N, Ustinov J, Lapatto R, Meissner 
T, Mayatepek E, Kere J, Sipilä I.  Physical exercise-
induced hyperinsulinemic hypoglycemia is an 
autosomal-dominant trait characterized by abnor-
mal pyruvate-induced insulin release. Diabetes. 
2003;52(1):199–204.

Pearson ER, Boj SF, Steele AM, Barrett T, Stals K, Shield 
JP, Ellard S, Ferrer J, Hattersley AT. Macrosomia and 
hyperinsulinaemic hypoglycaemia in patients with 
heterozygous mutations in the HNF4A gene. PLoS 
Med. 2007;4(4):0760–9.

Rahier J, Guiot Y, Sempoux C. Persistent hyperinsulinae-
mic hypoglycaemia of infancy: a heterogeneous syn-
drome unrelated to nesidioblastosis. Arch Dis Child 
Fetal Neonatal Ed. 2002;82(2):F108–12.

Senniappan S, Alexandrescu S, Tatevian N, Shah P, Arya 
V, Flanagan S, Ellard S, Rampling D, Ashworth M, 
Brown RE, Hussain K.  Sirolimus therapy in infants 
with severe hyperinsulinemic hypoglycaemia. N Engl 
J Med. 2014;370(12):1131–7.

Stanescu DE, Hughes N, Kaplan B, De León DD. Novel 
presentations of congenital hyperinsulinism due to 
mutations in the MODY genes: HNF1A and HNF4A. J 
Clin Endocrinol Metab. 2012;97(10):E2026–30.

Stanley CA, Lieu YK, Hsu BY, Burlina AB, Greenberg 
CR, Hopwood NJ, Perlman K, Rich BH, Zammarchi 
E, Poncz M.  Hyperinsulinism and hyperammo-
nemia in infants with regulatory mutations of the 
glutamate dehydrogenase gene. N Engl J Med. 
1998;338(19):1352–7.

Stanley CA, Rozance PJ, Thornton PS, De Leon DD, 
Harris D, Haymond MW, Hussain K, Levitsky LL, 
Murad MH, Simmons RA, Sperling MA, Weinstein 
DA, White NH, Wolfsdorf JI.  Re-evaluating 
“transitional neonatal hypoglycemia”: mecha-
nism and implications for management. J Pediatr. 
2015;166(6):1520–5.

C. Gilbert et al.



177

Steinkrauss L, Lipman TH, Hendell CD, Gerdes M, 
Thornton PS, Stanley CA.  Effects of hypoglycemia 
on developmental outcome in children with congenital 
hyperinsulinism. J Pediatr Nurs. 2005;20(2):109–18.

Szymanowski M, Estebanez MS, Padidela R, Han B, 
Mosinska K, Stevens A, Damaj L, Pihan-Le Bars 
F, Lascouts E, Reynaud R, Ferreira C, Bansept C, 
de Lonlay P, Saint-Martin C, Dunne MJ, Banerjee 
I, Arnoux JB. mTOR inhibitors for the treatment of 
severe congenital hyperinsulinism: perspectives on 

limited therapeutic success. J Clin Endocrinol Metab. 
2016;101(12):4719–29.

Thornton P, Stanley CA, De Leon DD, Harris D, 
Haymond MW, Hussain K, Levitsky LL, Murad MH, 
Rozance PJ, Simmons RA, Sperling MA, Weinstein 
DA, White NH, Wolfsdorf JI.  Recommendations 
from the Pediatric Endocrine Society for evalu-
ation and management of persistent hypoglyce-
mia in neonates, infants, and children. J Pediatr. 
2015;167(2):238–45.

8  Congenital Hyperinsulinism (CHI)


	8: Congenital Hyperinsulinism (CHI)
	8.1	 Introduction
	8.2	 Clinical Presentation of CHI
	8.3	 Biochemical Basis of CHI
	8.4	 Diagnosis of CHI
	8.5	 An Example of a Hypoglycaemia Screen
	8.6	 Causes of CHI
	8.7	 Transient CHI
	8.8	 Persistent CHI
	8.9	 Management of a Patient with CHI
	8.10	 Medical Therapy
	8.11	 Case Study to Illustrate an Infant’s Presentation, Diagnosis, and Treatment for CHI
	8.12	 Neurological Outcomes
	8.13	 Advances in Treatments for CHI
	8.14	 Conclusions
	8.15	 Questions to Consider
	References




