
197

Ori gi nal Ar tic leJ Clin Res Pediatr Endocrinol 2016;8(2):197-204
DO I: 10.4274/jcrpe.2408

1Göztepe Training and Research Hospital, Clinic of Pediatric Endocrinology, İstanbul, Turkey 
2Amasya University Faculty of Medicine, Department of Pediatrics, Amasya, Turkey 

3Derince Training and Research Hospital, Clinic of Pediatric Endocrinology, Kocaeli, Turkey 
4University of Exeter Medical School, Institute of Biomedical and Clinical Science, Exeter, United Kingdom

Ayla Güven1,2, Ayşe Nurcan Cebeci3, Sian Ellard4, Sarah E. Flanagan4

Clinical and Genetic Characteristics, Management and Long-Term 
Follow-Up of Turkish Patients with Congenital Hyperinsulinism

What is already knoWn on this topic?

What this study adds?

There is no follow-up study in patients with congenital 
hyperinsulinism (CHI) in Turkey.

This study is the longest follow-up in patients with CHI in 
Turkey.
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Objective: Mutations in the KATP channel genes is the most common cause of 
congenital hyperinsulinism (CHI) of infancy. Our aim was to report the clinical and 
genetic characteristics, treatment modalities, and long-term prognosis of patients 
with CHI. 

Methods: Clinical and biochemical findings, operation procedures, and results of 
genetic analysis were retrospectively evaluated in 22 CHI patients from two pediatric 
endocrine centers in Turkey.

Results: Seven of the patients were born large for gestational age. Hypoglycemia 
was diagnosed within the first 24 hours of life in 9 patients and treatment with 
diazoxide (n=21) and/or somatostatin (n=8) had been attempted. Seven patients 
(31.8%) were unresponsive to medical treatment and underwent pancreatectomy. 
Histological examination of the pancreas confirmed diffuse disease in 6 patients. 
Diabetes developed in 3 patients following pancreatectomy (10 years, 2.5 years, and 
immediately after operation). The remaining four patients had neither recurrence 
of CHI nor of diabetes during the 3.67±0.7 years of follow-up. Sequence analysis 
identified mutations in 12 out of 19 patients (63%). Mutations in the ABCC8 gene 
were the most common finding and were found in 6 out of 7 patients who underwent 
pancreatectomy. Other mutations included a paternally inherited KCNJ11 mutation, a 
homozygous HADH mutation, and a heterozygous GLUD1 mutation. 

Conclusion: Mutations in the ABCC8 gene were the most common cause of CHI 
in our cohort. These mutations were identified in 85% of patients who underwent 
pancreatectomy. The development of diabetes mellitus after pancreatectomy may 
occur at any age and these patients should be screened regularly.

Keywords: Hyperinsulinism, pancreatectomy, diabetes mellitus, ATP-sensitive 
potassium (KATP) channel
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Introduction

Congenital hyperinsulinism (CHI) is the most common 
cause of severe, persistent or recurrent hypoglycemia in the 
neonatal period and infancy. Mutations in the ABCC8 and 
KCNJ11 genes encoding the ATP-sensitive potassium (KATP) 
channel, which regulates the insulin secretion from pancreatic 
beta cell, are the leading cause of congenital hyperinsulinism. 
Rarely, mutations in the genes which encode glucokinase (GCK), 
glutamate dehydrogenase (GLUD1), 3-hydroxyacyl-coenzyme A 
dehydrogenase (HADH), hepatocyte nuclear factor 4 (HNF4A), 
hepatocyte nuclear factor 1 (HNF1A), monocarboxylate 
transporter 1 (SLC16A1), and the mitochondrial inner 
membrane protein UCP2 (UCP2) have been reported to cause 
hyperinsulinemic hypoglycemia (1). 

Clinical signs and symptoms can present at any age from 
the neonatal period to adulthood and may vary depending 
on the specific mutation identified (2). Since recurrent severe 
hypoglycemia has a negative effect on neurocognitive function, 
especially during the first years of life, early recognition 
and treatment of this condition can be expected to provide 
a favorable prognosis. In patients who do not respond to 
medical therapy, pancreatectomy should be considered. The 
differentiation between focal and diffuse CHI before surgery 
would affect the success of surgical treatment (3). 

Pancreatectomy is usually performed by removing 
95-98% of the pancreatic tissue. This procedure comes with 
a risk of the patient developing diabetes mellitus and exocrine 
pancreatic insufficiency. Only a few studies have reported the 
long-term outcomes of patients following pancreatectomy 
(4,5,6,7,8,9,10,11). 

In this study, we report the clinical features, treatment 
modalities, and long-term follow-up of our patients with CHI. 
We aim to contribute further information to the literature 
by demonstrating the clinical and mutational analyses of all 
patients at admission and also report the outcomes of patients 
who underwent pancreatectomy.

Methods

We retrospectively reviewed the medical records of patients 
diagnosed with CHI at the Göztepe Training and Research 
Hospital Pediatric Endocrinology Clinic, İstanbul (Centre 1) 
and at the Derince Training and Research Hospital Pediatric 
Endocrinology Clinic, Kocaeli (Centre 2).

We identified 24 patients with CHI (Centre 1, n=20; 
Centre 2, n=4). Two patients were excluded from the study 
since they were clinically diagnosed as Beckwith-Wiedemann 
syndrome. Twenty-two patients (7 females, 15 males) were 
recruited, and clinical data were extracted from the patient 
files. The diagnosis of CHI was based on detectable insulin 
levels during spontaneous or provoked hypoglycemia. A fasting 
provocation test was undertaken in two patients who had a 

history of hypoglycemia after overnight fasting and in another 
patient who was 171/12 years old. This patient was diagnosed 
with hypoglycemia at the age of one year, diazoxide treatment 
was initiated at the age of 3 years, but the patient had missed 
follow- up for 14 years. He had mental retardation due to 
recurrent hypoglycemic attacks because of poor compliance 
with treatment. He suffered from a hypoglycemic attack on 
admission to our clinic. As severe hypoglycemia was noted 
during the fasting provocation test, diazoxide therapy was 
restarted and he did not have any further hypoglycemic attacks 
(case 10).

For all patients who underwent fasting provocation, the 
test was stopped when the blood glucose level fell below 45 
mg/dL (12) and a blood sample was drawn for measurements 
of glucose, insulin, ketones, cortisol, growth hormone, 
ammonia, lactate, and pyruvate. Glucagon was subsequently 
administered at a dose of 30 µg/kg (max 1 mg) subcutaneously 
or intramuscularly, and blood glucose was re-measured thirty 
minutes later.

In case 1, with a history of protein sensitivity, a leucine 
provocation test was performed to confirm the diagnosis.

All patients were initially treated with intravenous high 
dose (10-15 mg/kg per min) glucose infusion and diazoxide 
(5-20 mg/kg per day). With the patient receiving a normal 
diet and following a 8-12 hr fast, absence of hypoglycemia 
(>55 mg/dL) with diazoxide treatment in a dose <15 mg/kg/d 
indicates responsiveness to diazoxide. The patients in whom 
the hypoglycemia (<55 mg/dL) persisted, despite receiving a 
maximum diazoxide dose (20 mg/kg/day) for 48 hours, were 
considered as unresponsive.

In 8 patients who were unresponsive to diazoxide, treatment 
with octreotide (5-40 mg/kg per day) was initiated. Two patients 
who underwent pancreatectomy received nifedipine (0.25-2.5 
mg/kg per day) prior to pancreatectomy, but nifedipine therapy 
failed to prevent hypoglycemic episodes. 

In case 4, a positron emission tomography scan using 
fluorine 18 L-3,4- dihydroxyphenylalanine (18F-DOPA PET) 
was performed in Frankfurt, Germany. Focal involvement was 
not detected. As 18F-DOPA PET-CT scanning is not available 
in Turkey, scans were not performed on other patients in our 
cohort.

In four patients who did not respond to diazoxide and 
octreotide therapy, 98% pancreatectomy was performed in our 
hospital. Patients 7, 11, and 12 were operated in other hospitals 
and subsequently referred to our clinic.

Genetic Analysis

Genetic testing was performed by the University of Exeter 
Medical School with written informed consent obtained from 
parents of all patients. Genomic DNA was extracted from 
peripheral leukocytes of 19 patients using standard procedures 
and the single exon of KCNJ11 and 39 exons of ABCC8 were 
amplified by polymerase chain reaction (primers available 
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on request). The amplicons were sequenced using Big Dye 
Terminator cycler sequencing Kit v3.1 (Applied Biosystems, 
Warrington, UK). Sequencing reactions were analyzed on an 
ABI3730 (Applied Biosystems, Warrington, UK) and compared 
to the reference sequences using Mutation Surveyor software 
(SoftGenetics, Pa., USA). 

The GLUD1 gene was sequenced in one patient with 
hyperinsulinism and hyperammonaemia using previously 
reported methods (13). For all other patients without an ABCC8 
or KCNJ11 mutation, sequencing analysis of the HADH gene 
was undertaken (14,15). If no HADH mutation was identified, 
HNF4A was sequenced in any patient diagnosed with CHI 
within the first 2 weeks of life (16). 

When a mutation was identified and samples were 
available, the unaffected parents were tested to investigate 
their carrier status. Microsatellite analysis was undertaken 
on DNA extracted from the resected pancreatic tissue of 
one patient to investigate loss of maternal heterozygosity at 
chromosome 11p15.1.

Statistical Analysis

Statistical analysis was performed using Statistical Package 
for the Social Sciences 18.0 (SPSS, Chicago, IL, USA) software. 
Shapiro-Wilk test was used to test the normality of the data. 
Descriptive data were expressed as mean ± standard deviation 
values. Skewed data were shown as median and interquartile 
range (IQR). Spearman’s correlation method was used in 
correlation analysis. For all tests, a p-value of less than 0.05 was 
accepted as statistically significant.

Results

The clinical characteristics of the patients with CHI are 
given in Table 1. 

Seven patients (33.3%) were born large for gestational age 
(LGA). Seventeen patients were born at term. Cases 5 and 6 
were siblings and 8 parents were known to be consanguineous. 

The initial hypoglycemic episode was observed in the first 
24 hours of life in nine patients (42.8%), and in the first week 
of life in seven patients (33.3%).

Thirteen patients (59%) were diazoxide-responsive. 
Diazoxide treatment was stopped between 15 days and 12 
years in seven of these patients (53.8%) and no recurrence 
of hypoglycemia was observed. There was a history of 
birth asphyxia in the patient whose diazoxide therapy was 
stopped after 15 days. In this patient, the insulin level during 
hypoglycemia (30 mg/dL) was 40 mIU/mL and no genetic 
analysis was made. 

After diazoxide therapy was discontinued, capillary blood 
glucose was checked before each feeding during minimum 
period of three days. During their hospitalization, we observed 
that babies could tolerate fasting for three hours, whereas 
toddlers and older children could tolerate a six-hour fasting 
period without hypoglycemia.

Octreotide was started in eight patients (36.3%) who did 
not respond to diazoxide. Of those, case 3 showed a good 
response. Overall, 63.6% of the patients were responsive to 
medical treatment and they did not have any hypoglycemic 
attacks during diazoxide and/or octreotide therapy with regular 
food intake. In one patient, normoglycemia was achieved 
through frequent feeds with a carbohydrate-rich diet. 

Four patients who did not respond to medical treatment 
underwent pancreatectomy in our hospital at a median age of 
0.43±0.32 years. Neither hypoglycemia nor hyperglycemia was 
observed in these patients following surgery. Diabetes did not 
develop during the 3.67±0.7 years of follow-up. 

Case 4, at age 57/12 years, was found to have a HbA1c of 
%6.4, a fasting glucose level of 87 mg/dL, a fasting C- peptide 
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Table 1. Clinical and biochemical characteristics of the medically and surgically treated patients 

Medically treated patients (n=14)

(Mean ± SD, Range)

Surgically treated patients (n=7)

(Mean ± SD, Range)

p

Birth weight, g 3059±733 (2060-4100) 3780±751 (2370-4480) 0.031

Birth weight, SDS -0.71±1.6 (-2.95) -1.59 0.99±1.7 (-2.26) -2.72 0.02

Age at diagnosis, days 2 (329)* (1-820) 2 (6)* (1-82) 0.680

Diazoxide dose, mg/kg/d 8.8±4 (4-15) 18.1±3 (12-20) <0.001

Age at last visit, years 8.4±6 (1.81-19) 7.4±6 (2.72-16.58) 1.000

Height SDS at last visit -0.27±1.5 (-3.0) -1.65 0.47±1.1 (-1.54) -1.61 0.852

BMI SDS at last visit 0.76±1.2 (-1.63) -1.97 1.40±1.1 0.07-2.32 0.852

HbA1c at last visit, % 5.0±0.1 4.80-5.30 7±3.7 4.6-14.1 ND

Serum insulin level at last visit, µIU/mL 5.7±3 1.7-10.64 ND ND

Blood glucose level at last visit, mg/dL 79.3±13 72-105 133.5±103 76-320 ND

Follow-up duration, years 7.1±6.1 1.81-18 5.7±5.1 2.72-16 ND

*median (interquartile range), ND: not determined, BMI: body mass index, SDS: standard deviation score



level of 1.77 ng/mL, and a fasting insulin level of 1.63 mIU/mL. 
We wanted to perform an intravenous glucose tolerance test 
because the patient had vomited twice during oral glucose 
tolerance test. The parents did not consent to this procedure.

Cases 7, 11, and 12 underwent surgery in other centers at 
a mean age of 0.39±0.44 years. Hypoglycemia was observed 
in two of these three cases (cases 11 and 12) after subtotal 
pancreatectomy and they received nifedipine for two and 
three months, respectively. No hypoglycemic attacks were 
noted. Diabetes developed immediately after near-total 
pancreatectomy in case 7, and 2.5 years and 10 years after 
subtotal pancreatectomy in cases 11 and 12, respectively. 
All three patients are currently receiving intensive (basal and 
mealtime bolus) insulin treatment. 

Histological examination of the resected pancreatic tissue 
confirmed diffuse disease in six patients, and a focal lesion was 
detected in the tail of the pancreas in one patient (case 4). The 
focal lesion could not be identified prior to the operation (18F 
DOPA-PET-CT scanning was not available). 

Genetic Analysis

Results of the genetic analyses are given in Table 2. 
Mutations were detected in 12 out of the 19 patients 

(63.2%). Nine patients had ABCC8 mutation(s) and KCNJ11, 
GLUD1 and HADH mutation(s) were each identified in a 
single patient (Table 2). Three of the mutations were novel. 
The genetic results for the patient with the homozygous 
HADH mutation have been reported previously (14). Fourteen 
unaffected parents were heterozygous for a mutation and are 
therefore carriers of congenital hyperinsulinism.

A paternally inherited ABCC8 mutation was identified in the 
patient with a focal lesion (case 4). Analysis of nine microsatellite 
markers spanning chromosome 11p15.5 to 11p15.1 was 
performed using DNA extracted from the resected tissue, but 
no loss of heterozygosity was observed. 

Case 3 was heterozygous for two novel KCNJ11 mutations. 
Family member testing identified both mutations in the 
unaffected father, confirming that the mutations were on the 
same allele (in cis). The patient responded well to octreotide 
treatment. At two years of age, he could tolerate overnight 
fasting under a very low dose octreotide (9 µg/kg/d). A clinical 
remission was considered, and octreotide treatment was 
gradually diminished and stopped. He is currently not requiring 
medication and is able to keep his glucose levels >70 mg/dL. 

Consequently, mutations in the KATP channel gene were 
identified in ten patients. Of those, 4 patients had recessively 
inherited mutations and 85.5% underwent pancreatectomy. 
However, mutations in the KATP channel genes were not 
identified in all patients who underwent pancreatectomy. 

In one patient with mildly elevated levels of ammonia 
(185 µg/dL, normal: 40-80), the genetic analysis identified 
a heterozygous missense mutation in the GLUD1 gene. 
This mutation was not detected in leukocyte DNA from the 

unaffected parents and it is therefore likely that the mutation 
was a de novo mutation. 

The genetic analysis of seven patients who underwent 
pancreatectomy revealed mutation(s) in the ABCC8 gene in 
6 patients. The mutation analysis results were available in 
only two patients prior to surgery. In one patient with diffuse 
pancreatic disease, the screening of the ABCC8, KCNJ11, 
HADH, and HNF4A genes did not identify a mutation. 

Birth weight was significantly higher in those patients with 
a ABCC8 gene mutation compared to those without an ABCC8 
gene mutation (r=0.857, p=<0.001).

Discussion

In this study, we evaluated the clinical and genetic features 
and long-term follow-up outcomes in a group of Turkish 
patients with CHI. Severe hypoglycemia occurred in the first 
days of life in the majority of patients, and this was consistent 
with the findings of previous studies.

Mutations were identified in previously known CHI genes 
in more than half (63%) of patients. As in previous studies, the 
most common genetic etiology among diazoxide-unresponsive 
patients was ABCC8 mutations. 

Snider et al (17), reported in their series of 417 cases that 
no mutations were found in 3.9% (11/282) of patients with 
diffuse disease who underwent pancreatectomy. Greer et al 
(18) did not identify ABCC8 or KCNJ11 mutations in 5 of 21 
patients (23%) who underwent pancreatectomy. In another 
study reporting 175 patients with CHI, 13 of 70 patients (18%) 
who underwent pancreatectomy had no mutations in the 
ABCC8 or KCNJ11 genes (19). A more recent study indicated 
that 3% of patients with diffuse CHI had no mutations in the 
genes encoding the KATP channel (20). Similarly, we did not 
identify a mutation in one of our patients with diffuse disease 
who underwent pancreatectomy. It is possible that this patient 
has a large deletion and/or a non-coding mutation(s) which was 
not detected by Sanger sequencing. 

Compound heterozygosity is not common in patients 
with CHI (17,20,21,22,23). Sogno Valin et al (21) identified 
compound heterozygous KATP channel mutations in 2 of 33 
patients within their cohort. Of those, one patient responded to 
diazoxide treatment and the other underwent pancreatectomy. 
Arya et al (24) recently reported 45 patients with CHI who 
underwent near-total pancreatectomy. They found that one 
third of patients were compounded heterozygous. One patient 
in the present study (case 8) had a maternally inherited novel 
missense mutation and was unresponsive to diazoxide and 
octreotide therapy. A near-total pancreatectomy was performed 
and diffuse disease was identified. Sequence analysis also 
identified a previously reported (25) paternally inherited ABCC8 
variant (p.Ala726Thr), but current evidence suggests that this 
variant is unlikely to be pathogenic. 

Autosomal dominant inheritance of hyperinsulinism 
with a variable response to diazoxide has been reported 
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(26,27,28,29,30,31). MacMullen et al (30) reported patients with 
dominantly inherited CHI with some affected parents carrying 
the same mutation whilst other parents were asymptomatic. 
In that study which included 17 diazoxide-unresponsive and 
13 diazoxide-responsive patients, the mutation was maternally 
inherited in five patients from each group. In our study, two 
siblings with diazoxide-responsive HI were heterozygous for a 
novel ABCC8 missense mutation. Both children had inherited 
this mutation from their unaffected mother.

Preoperative diagnosis of focal HI is of great importance 
for determining the extent of pancreatectomy. 18F-DOPA PET 
CT scanning remains the only accurate method for localizing 
a focal lesion prior to surgery. Almost all patients with focal 
CHI have a paternally inherited recessively acting mutation in 
a KATP channel gene (17). In our series, two patients had a 
paternally inherited KATP channel gene mutation (ABCC8, n=1; 
KCNJ11, n=1). Since it is unavailable in our country, 18F-DOPA 
PET CT could not be performed in these patients. While CHI 
showed a spontaneous remission in the patient with KCNJ11 
gene mutation at the age of 2.5 years, the other patient with 
an ABCC8 mutation was unresponsive to medical therapy and 
underwent near-total pancreatectomy.

The most common surgical method is near-total 
pancreatectomy in patients who are unresponsive to medical 
treatment. Post-pancreatectomy hyperglycemia may require 
either temporary or permanent insulin treatment. In long-
term follow-up studies of patients with CHI who underwent 
pancreatectomy, diabetes has been reported in a limited 
number of patients (4,11,24,32,33). In 1984, Greene et al (4) 
reported five patients with CHI whose hypoglycemia could 
not be managed with medical therapy and who underwent 
pancreatectomy twice. Diabetes developed in all patients 
and insulin was required to achieve normoglycemia. Diabetes 
often occurs when patients undergo ≥95% pancreatectomy 
and then need a second operation (8,9,32,33). The interval 
between the surgery and the development of diabetes varies 
from immediately after (5,6,7,8,9,10,24) to several years 
after the (>18 years) surgery. Nevertheless, insulin-dependent 
diabetes frequently develops during adolescence (8,10,24,32). 
In one study, diabetes developed in 100% of patients by the 
11th year following surgery (24). In the present study, diabetes 
developed immediately after the operation in one patient, 
and 2.5 years and 10 years after surgery in two patients. At 
their recent evaluation, all of these patients were on insulin 
treatment. The remaining four patients who underwent near-
total pancreatectomy did not develop diabetes or had no 
evidence of exocrine pancreatic insufficiency during follow-
up. However, this does not eliminate the risk of developing 
diabetes in the future. Therefore, these patients need to be 
evaluated periodically for diabetes. 

It is not known whether there is a relation between 
diabetes development after pancreatectomy and the type of 
mutation causing CHI. It has been suggested that KATP channel 

gene mutations lead to an increase in the apoptosis of the beta 
cells of the pancreas (34). Leibowitz et al (35) demonstrated 
that insulin response to glucose stimulation was diminished 
in patients with CHI who underwent pancreatectomy. 
Impaired glucose tolerance and diabetes may present in these 
patients particularly during puberty when insulin response 
to hyperglycemia is blunted. However, ketoacidosis was not 
reported in the patients with diabetes, so one may consider 
that the residual pancreatic tissue secretes some insulin. The 
deterioration in glucose homeostasis is progressive in these 
patients and frank diabetes develops after many years. 

Hypoglycemia requiring medical treatment in patients with 
CHI who underwent pancreatectomy may be explained by 
the regeneration of the residual pancreatic tissue (36). In our 
study group, all three patients who had diabetes subsequent 
to pancreatectomy had homozygous ABCC8 mutations. Two 
of the remaining four patients who underwent near-total 
pancreatectomy also had homozygous ABCC8 mutations and 
they still have no symptoms. The patient with no identifiable 
mutations and diffuse pancreatic disease and the patient with 
a paternally inherited ABCC8 mutation and a focal lesion have 
not yet developed diabetes. The limitation of our study is its 
retrospective design and having performed an 18F-DOPA PET-
CT scan in only one patient prior to surgery.

Previous studies from our country regarding congenital 
hyperinsulinism did not report long-term follow-up data (37,38). 
Besides, in one of these reports, the diagnosis is based only 
on clinical and laboratory findings (37). In another multicenter 
study, clinical findings and genetic analyses of patients with 
CHI treated in four different centers were demonstrated, yet 
long-term follow-up was not reported (38).

Based on the information above, this present study stands 
out as the longest follow-up study of the patients with CHI 
from Turkey. Our study confirms that KATP channel gene 
mutations are the most common mutations causing CHI in 
Turkish patients. These mutations were identified in 85% of 
patients who underwent pancreatectomy. The development of 
diabetes mellitus after pancreatectomy may occur at any age, 
for that reason, patients should be screened regularly. We could 
not establish a relation between the type of mutation and the 
development of diabetes. Since 18F-DOPA PET-CT is not widely 
available, genetic analysis might be useful to identify focal CHI 
in those patients who cannot be subjected to 18F-DOPA PET-CT.
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