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ABSTRACT 
In this article we will present the therapeutic and clinical aspects found in the case of two pediatric patients diagnosed 
with congenital hyperinsulinism. Thus, we want to show the modern therapeutic principles used in the treatment of 
these patients. It is important to remember that congenital hyperinsulinism is the only curable metabolic congenital 
disease, as currently surgical therapy is only indicated in isolated cases. 
This is why quick diagnosis is essential, because the cases of hypoglycemia caused by this illness are severe. Fur-
thermore, congenital hyperinsulinism blocks ketogenesis, so neither the brain nor the myocardium can use ketone 
bodies as an alternative energy substrate in case of hypoglycemia, and the risk of brain damage or cardiac arrest is 
very high in this disease. 
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INTRODUCTION

The pancreas is an organ with both exocrine and 
endocrine role. The most important hormone it se-
cretes is insulin. Its roles are manifold, but the most 
important is decreasing glycemia (1). However, this 
glucose buffering capacity is limited, as the pancreas 
can only secrete enough insulin to buffer at most 10 
mg/kg/min glucose; a higher quantity of glucose will 
overwhelm its capacity to secrete insulin and will 
cause hyperglycemia.

Another role of insulin is that of an anabolizer,  
favoring protein synthesis (2). This role is extremely 
important in patients with congenital metabolic  
diseases, both for the therapy of such diseases and to 
understand their physiopathology. 

A decrease in insulin production leads to diabetes 
mellitus, and an increase in this production leads to a 
disorder called congenital hyperinsulinism. It has 
three main forms: one focal, one diffuse, and one 
called syndromic (3). 

The most frequently encountered form is the focal 
one, in which there is an isolated hyperproliferation of 
pancreatic cells, leading to the appearance of an insu-
linoma. 

In its diffuse form, this hyperproliferation includes 
the entire pancreas, and in the syndromic form hyper-
insulinism appears in the context of a genetic syn-
drome, which has other manifestations in addition to 
the pancreatic anomaly (4).

METHOD

In this paper we will present the cases of two pa-
tients diagnosed and treated by the authors for con-
genital hyperinsulinism. The diagnosis was estab-
lished by calculating the glucose flow needed to 
control hypoglycemia and the glucagon test. The role 
of genetic testing remains small in this pathology, but 
gene tests were performed on both patients. 

CASES PRESENTATION

Case 1
This is a 5-month female infant, born of high de-

gree consanguineous parents. Starting with the age of 
2-3 days, she exhibited an altered general state and
fine trembling of the lower limb extremities, in the
context of 27 mg/dl glycemia. IV glucose therapy is
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started with 6 mg/kg/min, gradually increased to 8 
mg/kg/min. This is interpreted as neonatal sepsis and 
empirical antibiotherapy is started while monitoring 
glycemia. Under this treatment, she exhibits general-
ized tonic clonic seizures in the presence of 4 mg/dl 
glycemia. 

At the Brasov hospital, the patient is hospitalized 
for 3 days, during which period she did not repeat the 
neurological manifestations, but the general state  
remained mediocre, with glycemia between 24 and 50 
mg/dl requiring continuous glucose intake of 9-11 
mg/kg/min. Transitory hypoglycemia associated with 
gestational diabetes and neonatal sepsis were ruled 
out.

During this hospitalization, laboratory investiga-
tions were continued, while reevaluating the septic 
profile, which revealed  Klebsiella pn. in the umbili-
cal secretion, and treatment was started according to 
the antibiogram. Hypoglycemia persists despite treat-
ment, for which reason nutrition is supplemented with 
pulvis glucose in each baby bottle and repeated  
boluses of 10% glucose. Since the other causes for the 
newborn’s severe hypoglycemia were ruled out, an 
endocrinological disturbance is considered, and for 
this reason ACTH, serum cortisol, STH, thyroid hor-
mones, insulin and C peptide are sampled, all with 
normal values. Exploratory imaging (abdominal and 
transfontanellar ultrasound) was also normal. Sero-
logical investigations reveal hyperammonemia and 
lactic acid over the normal values, associated to a dis-
crete hepatic cytolysis syndrome. Considering these 
changes, a suspicion appears about a glycogen storage 
disorder, as hepatomegaly may be absent during the 
neonatal age. Genetic samples are taken to confirm 
this diagnosis and the patient is released with recom-
mendations to supplement oral glucose intake for 
each bottle of Polycal (maltodextrin) and Kreon at 
each meal, and to correct possible hypoglycemia 10% 
will be administered orally. 

The genetic panel testing the 23 known genes that 
can cause glycogenosis is negative for each individual 
gene. Hypoglycemia persisted, and to ensure normal 
glycemia 10 mg/kg/min glucose was used. At this mo-
ment, the suspicion appeared of congenital hyperinsu-
linism and a glucagon test was performed, which was 
positive. An initial treatment with octreotide was 
started. This led to an improvement in glycemia, but 
not normalization. This is why it was necessary that 
the milk received by the patient be enriched not only 
with dextrin maltose but also with glucose, in order to 
ensure increased glucose intake. As the baby was not 
feeding properly, gavage was used initially and then 
became discontinuous. Later a nutrition pump and a 
gastrostomy button were used. The patient was  

released with this treatment. Genetic testing was car-
ried out using a panel including all genes that are 
known at this time to be involve in the pathogeny of 
hyperinsulinism, which were sequenced using the 
NGS technique. However, the result was negative. 

A few months later, maintaining correct glycemia 
became increasingly difficult, and it was necessary to 
increase the flow of glucose even more. Under these 
circumstances, octreotide was replaced with diazox-
ide, which led to the glycemic profile quickly becom-
ing normalized. Oral nutrition was resumed shortly, 
which allowed the gastrostomy to be removed. Rare 
hypoglycemia was found during the next months but 
later disappeared. 

Case 2
This is a three-year-old girl that had several epi-

sodes of hypoglycemia. The patient was born prema-
turely at 34 weeks, and postnatal adaptation was  
difficult. Hypoglycemia appeared during the neonatal 
period, requiring glucose therapy with 16 mg/kg/min 
flow to control it. No other investigations were  
carried out to establish its etiology. During the first 
year of life hypoglycemia persists, leading to general-
ized tonic clonic seizures. At the age of 9 months she 
was admitted for convulsions with hypoglycemic 
background, and the hospitalizations repeated every 
two months. At the age of two years, the ultrasound 
detects the left kidney larger than the right one, a  
hypertrophy of the left half of the tongue and a perim-
eter of the left upper limb larger than the right one. 
Suspicion of a Beckwith-Wiedemann syndrome aris-
es, but genetic testing is not performed and the diag-
nosis is not confirmed. At this age the girl developed 
a urachal tumor, requiring surgical therapy. 

The diagnosis of congenital hyperinsulinism was 
established at the age of three years. The suspicion 
was raised by the glucose intake of over 10 mg/kg/
min required to control hypoglycemia during the neo-
natal period. In order to confirm the diagnosis, we 
carried out a glucagon test, which was positive. Clini-
cally, the patient exhibited convergent strabismus and 
hypertrophy of the left half of the tongue, chronic 
constipation and incontinence. There were no clear 
signs of neurological distress. 

The therapy consisted of enriching nutrition with 
fibers and Maizena corn starch, which caused the con-
stipation and hypoglycemia to disappear. Diazoxide 
was also administered with a dose of 10 mg/kg/day. 
Initially the patient tolerated it badly, with abdominal 
pain and vomiting, but then developed tolerance to 
this medication. Under this therapy, glycemia was 
over 100 mg/dl, which allowed us to stop administer-
ing corn starch. 
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The CDKN1C was sequenced using the NGS tech-
nique, and the result was negative. It was not possible 
to search for the other genetic anomalies involved in 
the pathogeny of the Beckwith-Wiedmann syndrome. 
Given the child’s dysmorphisms, the suspicion of a 
syndromic hyperinsulinism, possibly Beckwith-
Wiedmann, still remains.

A test of oral tolerance to glucose was also per-
formed, and it detected no kinetic anomalies in the 
insulin secretion (see table 1).

TABLE 1. Results of the oral glucose tolerance test
Time Glycemia value
T0 50 mg/dl
T1h 171 mg/dl
T2h 89 mg/dl

An MRI investigation with contrast identified a 
nodular mass located in the pancreas tail, without 
contrast intake, and colon dilation. 

DISCUSSION

Congenital hyperinsulinism (HI) is the most fre-
quent cause of hypoglycemia in pediatric practice, if 
we do not consider functional hypoglycemia.

Even though the clinical image is impressive and 
can sometimes have dramatic aspects, the long-term 
prognosis of the disease is good, as the drug-sensitive 
form is the only curable congenital metabolic disease.

The therapy of this disease has seen significant 
progress during the last years, and there are currently 
three pharmaceutical preparations that can be used. 

There are several forms of hyperinsulinism, each 
of them having certain specifics regarding the treat-
ment and the prognosis (5,6).

In the authors’ vision, genetic testing for this disease 
merits special discussion. Even though several genes 
involved in the pathogeny of congenital hyperinsulin-
ism were described, no mutation was found in 50% of 
such patients at the time of testing. This causes genetic 
testing to be of little use for determining the diagnosis 
of congenital hyperinsulinism. The glucagon test  
remains much more useful in diagnosing such patients. 
Also very useful for the quick identification of this dis-
ease is the calculation of the glucose flow needed to 
control hypoglycemia. If it exceeds 10 mg/kg/min, the 
diagnosis is certain, not requiring any other tests.

It must also be mentioned that the determination of 
insulinemia has no real diagnostic usefulness in this 
disease. This is done from a peripheral vein, where 
the level of insulin can be falsely normal, so a normal 
level of insulinemia does not rule out the diagnosis of 
hyperinsulinism. 

A particular type of HI is the syndromic type. In 
such situations, hyperinsulinemic hypoglycemia is as-
sociated to other manifestations related to that syn-
drome, which makes treatment more complicated, 
and the approach pluridisciplinary. 

In this situation, the prognosis is significantly  
influenced by the specifics of that syndrome. 

The therapy of this disease has two large compo-
nents, one pharmaceutical and one surgical.

Pharmaceutical therapy
Currently, pharmaceutical therapy is the first  

intention, given that under the action of the recom-
mended medication the pancreas recovers its normal 
function in time. 

There are several drugs that can be used, which 
can be classified, according to the authors of this arti-
cle, in three large groups: those with incontestable  
effectiveness, those that have sometimes proven  
effective but must be used with prudence, and experi-
mental ones. 

In the category with certain effectiveness we  
include diazoxide, octreotide and lanreotide.  Diazoxide 
is considered to be a first line drug, and is useful for 
both focal forms and diffuse forms. However there are 
resistant forms that cannot be treated with this drug 
(6). Some adverse effects that are mentioned are  
hypertrichosis, fluid retention, thrombocytopenia, 
neutropenia and hyperuricemia, which indicates that 
careful monitoring of patients under diazoxide is 
mandatory (7). 

Octreotide is a drug with proven effectiveness, but 
has several drawbacks that make it less used than  
diazoxide. The first one is the way of administration, 
which is exclusively injectable, reducing the chil-
dren’s therapeutic compliance. The second one con-
sists of the adverse effects, as it may cause biliary 
lithiasis and necrotizing enterocolitis. An interesting 
aspect of this drug is that it can induce tachyphylaxis, 
which is a sudden loss of effectiveness. The mecha-
nism is unknown (8).

In some carefully selected cases, we can use nifedi-
pine or glucagon. If nifedipine is chosen, it is useful to 
carry out genetic testing, since it has proven to be  
effective in mutations of the ABCC8 gene, but not in 
other forms. Nifedipine response is rare in this dis-
ease, and additional studies are needed to establish its 
place in the treatment of congenital HI (9).

Glucagon has been used for a long time in the 
treatment of congenital hyperinsulinism, especially 
during the acute phase and to combat hypoglycemia. 
Lately it has been observed that it causes rebound 
phenomena, which has significantly reduced its use. It 
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can be used in cases of major emergency (coma),  
especially when intrarectal administration is not pos-
sible. Serious adverse effects are described when  
using it, especially for long-term use or high dosage. 
Such an effect is the appearance of a necrolytic migra-
tory erythema. While rare, this can be extremely hard 
to correct, and careful monitoring of the patient is  
recommended. A real concern is also an increase in 
the risk of thrombosis in the case of chronic glucagon 
treatment. While the mechanism is unclear, there are 
centers that recommend adding low molecular weight 
heparin when choosing to use glucagon as long-term 
treatment (10).

To combat hypoglycemia, we prefer to use 33% 
glucose administered intrarectally (1 ml/kg). For the 
treatment of the acute phase, glucose is to be used 
with a flow of 16-17 mg/kg/min for newborns and  
12-13 mg/kg/min for infants.

Two experimental drugs caught our attention,
exendin and sirolimus. However, the latter is an im-
munosuppressor, so caution is advised (8). 

Another therapy that has been tried is the ketogenic 
diet. Its effectiveness is questionable and there are 
very few reported cases of congenital HI that responded 
to this therapy (11). 

Surgical therapy
Surgery is mainly targeted at focal forms. In diffuse 

forms, a surgical intervention is only possible in the 
absence of a response to pharmaceutical or dietary ther-
apy. In order to determine the histopathological form, it 
is necessary to perform a PET-CT investigation, as the 
other imaging techniques are not recommended by  
experience. Unfortunately, this investigation is not pos-
sible in Romania due to bureaucratic problems, as the 
national PET-CT program only covers this investiga-
tion for patients with oncological illnesses and not for 
patients with congenital hyperinsulinism. 

Several surgical techniques are used in the therapy 
of such patients depending on the histopathological 
form (focal, diffuse, atypical) (12).

In the focal form, surgery that is strictly limited to 
the tumor is recommended, under PET-CT guidance. 
This attempts to conserve as much pancreatic tissue as 
possible in order to avoid a secondary diabetes. In the 
case of deep focal forms, this technique may not be 
possible, requiring an extensive resection of pancre-
atic tissue. 

In the case of diffuse forms, focal pancreatic resec-
tion is no longer possible, requiring total pancreatec-
tomy, which will lead to secondary diabetes. 

For atypical forms there is no standard technique, 
and the surgeon must adapt the intervention to the 

specifics of the case, in order to be able to save as 
much pancreatic tissue as possible. 

In a study published by a team from the children’s 
hospital of Philadelphia (13), of a total of 500 pa-
tients, 261 had focal forms, of which 15 were isolated 
insulinomas, and only 202 diffuse forms, and 37 were 
atypical forms. Of the patients with focal forms, 97% 
were completely cured after the surgery and only 1 
patient suffers from secondary diabetes. In the case of 
patients with diffuse forms, of a total of 202 operated 
patients, 47% developed secondary diabetes. For 
atypical forms and insulinomas, results were also  
satisfactory, with a curing rate >95%. 

Another study published by a French team showed 
a rate of occurrence of secondary diabetes of 0% after 
surgery for focal forms, but 95% for diffuse forms 
(14).

A statistic published by a London group showed an 
incidence of 96% for diabetes after surgery for diffuse 
forms (15).

These statistics clearly show the importance of 
drug therapy and of discovering new molecules, espe-
cially for the diffuse forms. Testing response to  
diazoxide and octreotide is mandatory in all HI forms 
before moving to surgical therapy. 

In this respect, encouraging results have been ob-
tained using a molecule called exendin. This is an  
antagonist of the GLP-1 (glucagon-like-protein 1)  
receptors, which can be used for HI cases caused by a 
block in the activity of ATP-dependent potassium 
channels. The effectiveness of this molecule was eval-
uated in a placebo-controlled randomized double-
blind study carried out by a US team (16). They used 
a lot of 9 patients with mutations in the ABCC8 gene 
and noticed that exendin treatment caused hypoglyce-
mia to completely vanish in all these patients. These 
results are very encouraging, especially since muta-
tions in the ABCC8 gene often induce resistance to 
diazoxide, and octreotide can cause necrotizing  
enterocolitis in the newborn (17).

Given that the number of patients was low, new 
studies are needed in connection with exendin. 

CONCLUSIONS

Congenital hyperinsulinism remains to this day the 
only curable congenital metabolic disease. For this 
reason, timely diagnosis, before hyperglycemia-in-
duced secondary brain injury, and quickly initiating 
the correct treatment are essential in keeping a good 
diagnosis. 

Surgery must be delayed as much as possible, until 
response to drug therapy can be evaluated, especially 
for diffuse forms, and when used it is essential to  
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perform a PET-CT investigation before surgery and 
use a surgical team that is experienced in this pathol-
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ogy in order to remove as little normal pancreatic  
tissue as possible and thus avoid secondary diabetes. 
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