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Abstract

Hyperinsulinaemic hypoglycaemia (HH) occurs as a consequence of unregulated insulin secretion from pancreatic beta cells. It is the
most common cause of severe and prolonged hypoglycemia in newborns. HH is a major risk factor for brain damage and subsequent
neurological disability, which is why the identification, rapid diagnosis, and timely treatment of patients with HH are essential for the
prevention of brain damage. The present case gives a brief description of a patient with congenital HH with an established mutation in
the ABCC8 gene encoding the SURI subunit of the K-ATP channel. The genealogical tree, the clinical picture, the diagnostic cascade,
the neurological consequences and their development in dynamics are considered, with special emphasis on the epileptic syndrome and
mental status. Advances in molecular genetics, radiological imaging techniques, conservative treatment, or laparoscopic surgery may
completely change the clinical approach to children with severe congenital forms of HH.
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INTRODUCTION

insulin. The remaining 15% enter the skeletal muscle and
fat depots through transport systems dependent on insulin

Hyperinsulinaemic hypoglycaemia (HH) is a consequen-
ce of unregulated secretion of insulin from pancreatic
beta cells. In newborns, it is the most common cause of
severe and prolonged hypoglycaemia. The brain requires
a continuous supply of glucose from the blood, which pro-
vides cellular fuel for its metabolism. About 60% of die-
tary glucose is used in the liver or stored as a reserve in
the form of glycogen. About 25% of glucose is digested by
the brain and some other tissues (erythrocytes, kidneys,
intestinal mucosae, and the Langerhans islands of the
pancreas), in which glucose enters without the need of

and adenosine-diphosphate (ADP). In normal beta cells,
increased glucose metabolism raises the ratio of adeno-
sine-triphosphate (ATP) to ADP and closes the K-ATP
channels. As a result, the membranes are depolarised,
the voltage-dependent calcium channels (VDCCs) open,
and intracellular calcium (Ca?") is increased, causing the
release of insulin. With the persistent hyperinsulinaemic
hypoglycaemia in early childhood (PHHI), the K-ATP
channels are inactive, the cell membranes are depolari-
zed and VDCCs are spontaneously active. The increase in
Ca?* leads to continuous release of insulin. Sulphonylurea
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closes the K-ATP channels and stimulates insulin secre-
tion, while diazoxide opens the channels and inhibits
it."2 The transient decrease of blood sugar causes distur-
bances in brain function, and more prolonged and severe
hypoglycaemia leads to hypoglycaemic seizures, coma,
and brain death. HH can be due either to genetic reasons
(congenital) or be secondary to certain risk factors. The
molecular mechanisms leading to HH include defects in
the key genes regulating the secretion of insulin from the
B-cells. Under normal physiological conditions, the B-cells
of the pancreas secrete insulin to support the fasting blood
glucose levels in the range of 3.5 - 5.5 mmol/L. In HH,
this precise adjustment of insulin secretion is disrupted,
so insulin remains secreted in the presence of hypoglycae-
mia. At a molecular level, genetic abnormalities in nine
different genes (ABCC8, KCNJ11, GLUDI, GCK, HNF4A,
HNFIA, SLC16A1, UCP2 and HADH) have been identified
to cause congenital hyperinsulinism. Autosomal reces-
sive and dominant mutations in ABCC8/KCNJ11 are the
commonest cause of medically unresponsive congenital
hyperinsulinism.> Perinatal stress, intrauterine growth
retardation, diabetes mellitus in the mother, and a large
number of developmental syndromes are also associated
with the HH in the neonatal period. In older children and
insulinoma in adults, the syndrome of non-insulinoma
pancreatic hypoglycaemia and postbariatric surgery are
proven causes of HH.*®

CASE REPORT

We present a patient with a congenital familial hyperinsuli-
naemic hypoglycaemia (FHH), with an established mutation
in the ABCC8 gene, encoding sulfonylurea receptor 1 (SUR1)
of the K-ATP channel. The genealogical tree, the clinical pic-
ture, the diagnostic cascade, the neurological consequences
and their development in dynamics, with a particular emp-
hasis on the epileptic syndrome and the mental status, are
considered.

Medical history: A woman of 24, with the onset of epilep-
tic seizures at the age of 40 days, flowing with shaking of the
head, frequent flashing, lips sacking, flexion-extension in the
limbs, followed by loss of consciousness in minutes, with a
frequency of more than 10 relapses a day. In early childhood,
“West Syndrome” was diagnosed. Antiepileptic treatment
was initiated, although hypoglycaemia of up to 1.9 mmol/L
was detected repeatedly in seizures. In this period, the blood
glucose profile was not regularly monitored. Initially, antie-
pileptic therapy was conducted with phenobarbital, carba-
mazepine, clonazepam, vigabatrin, ACTH - as mono- and
polytherapy. The patient was seven years without seizures.
At 12 years of age, seizures with bilateral tonic-clonic sei-
zures started, achieving drowsiness and vomiting at normal
blood glucose levels were added, measured immediately after
a seizure. Against the background of treatment with Depakin
Chrono 900 mg/day and Lamictal 100 mg/day average sei-
zure frequency became once in a month.

Genealogical examination and genetic diagnosis: The
patient was born into a inbreeding data family*. The young-
er sister of the proband was with clinical manifestations of
hypoglycaemia in the first hours after childbirth, and due to
this heredity was suspected. A genetic study of the sibling was
conducted as for mutations, in charge of FHH.

In the patient’s sibling, an analysis according to PCR-di-
rect sequencing method of two genes was conducted: SURI
(ABCC8) and KCNJ11. In the testing of SURI (ABCCS),
exons 1-39 was found that a homozygote for a missense
mutation RI21I5W (R1215W/RI1215W) in exon 29 of the
ABCCS gene. The patient was confirmed as a homozygote for
the same mutation, and in the parents, heterozygosity was
established for ABCC8 gene R1215W (R1215W/N) (Fig. 1).

Figure 1. Genealogical tree presenting genetic diagnosis and clin-
ical manifestations. R1215W/N heterozygous carrier for ABCC8
gene — proband’s parents; R1215W/R1215W homozygous carrier
for ABCC8 gene with clinical manifestation - proband and sib-
ling; *proband’s father is grandmother’s second cousin of mother’s
line of the proband.

Tests conducted: Blood sugar profile: The patient has a
good control of the blood sugar level at present; Serum levels
of anticonvulsants: VPA - 657.2 umol/l, lamotrigine - 41.7
mmol/l.

Over the years, the patient has undergone periodically
EEG tests mainly with data for nonspecific minor changes,
with poorly organized main activity for this age.

From the CT of the cerebrum (Fig. 2), non-compliant for
this age cerebral cortical atrophic changes are visualized.

Neuropsychological examination: The psychological status
is with data for mental retardation in light - 1Q = 67, with no
dynamics in terms of cognitive status.

Persistence of seizures and results of investigated serum
levels of anticonvulsants implies correction of antiepileptic
therapy with an increase in the daily dose of Lamictal to 250
mg, with no change in the dose of Depakin Chrono - 900 mg/
day, with reduction of seizures.

DISCUSSION

The described clinical case is a patient with congenital
FHH, at the onset of the disease with hypoglycaemic-
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Figure 2. CT of the cerebrum with non-compliant for the age
cerebral cortical atrophy mainly in temporal and parietal lobs.

induced epileptic seizures, subsequently and at normal
blood sugar levels, as a result of metabolically induced
cerebral cortical atrophic changes. Our case of a patient
with mental retardation and symptomatic epilepsy con-
firms the results of the conducted study by Menni F et al.
to assess the neurological consequences in newborns and
infants with PHHL! The neurological development of 90
patients with PHHI was followed retrospectively in the stu-
dy. Sixty-three patients were treated surgically (pancreatec-
tomy) and 27 received conservative treatment. Fifty-four
patients were newborns, and of these conservative treat-
ment was administered to 8, while 46 were operated (19
for focal adenomatous hyperplasia of the pancreas and 27
for diffuse HI). The reported results showed the following:
severe psychomotor retardation in 7 patients, 6 of whom
with neonatal onset of PHHI; moderate degree of psycho-
motor impairment in 12 patients; in 16 of them, epilepsy
was established. According to the authors, the neonatal
onset of hypoglycaemia is the main risk factor for severe
mental retardation and/or epilepsy.! Patients with conser-
vative treatment were less affected than those treated by
surgical intervention and no difference was established be-
tween patients with diffuse and focal forms of HH. Accor-
ding to the study of Herrera A et al., diazoxide is typically
a safe, effective therapy for patients with hyperinsulinism,
but careful surveillance for more common adverse effects,
including neutropenia, thrombocytopenia, and hyperuri-
cemia, is warranted. PH may be more common among pre-
mature infants, as well as patients with baseline cardiac or
pulmonary disease. To decrease the risk for fluid retention,
chlorothiazide or an alternative diuretic should be started
with diazoxide in all patients. In patients at greater risk
for pulmonary hypertension due to baseline comorbidi-
ties or birth history, alternative therapies for hyperinsuli-

Hypoglycemia with Epilepsy and Retardation

nism should be considered.® In our case, at the onset of the
disease, direct pathogenetic and surgical treatment was not
conducted due to late etiological diagnosis.
Hyperinsulinism in early childhood is responsible for
the ongoing very severe hypoglycaemia, which is often
1 mmol/L. These episodes are particularly dangerous as
there is no alternative fuel for the brain (no lactate and no
ketone bodies).> Glucose is an important energy source and
a precursor of macromolecular constituents necessary for
the rapid growth of the brain during the neonatal period
and is essential for cerebral functioning.”® According to
the observations of Baker L et al.” in practice in 100% of
newborns with HH, the abnormality in neurological status
is with a consequent severe retardation in neuromental de-
velopment, lacking other specific events in their follow-up,
which may be related to mental status, a lack of dynamics
in neurocognitive evaluation of patients has been reported
over the years. The authors summarize that neonatal HH is
still a severe disease with an important risk for rapid devel-
opment of severe mental retardation and epilepsy.’

CONCLUSION

HH is a major risk factor for brain damage and subsequent
neurological disability, therefore the identification and
timely treatment of patients with HH is essential. The deve-
lopment of molecular genetics, radiologic imaging techni-
ques (such as 18FDOPA-PET), conservative treatment with
diazoxide or laparoscopic pancreatic surgery, can comple-
tely alter the clinical course in children with severe conge-
nital forms of HH.!

REFERENCES

1. MenniE de Lonlay P, Sevin C, et al. Neurologic outcomes of 90 neo-
nates and infants with persistent hyperinsulinemic hypoglycemia.
Pediatrics 2001; 107(3):476-9.

2. Paggio A, Checchetto V, Campo A. Identification of an ATP-sensitive
potassium channel in mitochondria. Nature 2019; 572(7771):609-13.

3. Rahman SA, Nessa A, Hussain K. Molecular mechanisms of congeni-
tal hyperinsulinism. ] Mol Endocrinol 2015; 54(2):119-29.

4. Evans M, Amile SA. Carbohydrates as cerebral metabolic fuel. J Pedi-
atr Endocrinol Metab 1998; 11:99-102.

5. Nessa A, Rahman SA, Hussain K. Hyperinsulinemic hypoglycemia -
the molecular mechanisms. Frontiers in Endocrinology 2016; 7(2):29.

6. Herrera A, Ellen V, Givler S, et al. Prevalence of adverse events in chil-
dren with congenital hyperinsulinism treated with diazoxide. J Clin
Endocrinol Metab 2018; 103(12):4365-72.

7. Koh THHG, Ansley-Green A, Tarbit M, et al. Neural dysfunction
during hypoglycaemia. Arch Dis Child 1998; 63:1353-58.

8. Lucas A, Morley TJ. Adverse neurodevelopmental outcome of moder-
ate neonatal hypoglycaemia. Br Med ] 1988; 297:1304-08.

9. Baker L, Thornton PS, Stanley CA. Management of hyperinsulinism
in infants. ] Pediatr 1991; 119:755-7.

Folia Medica | 20211 Vol. 63 1 No. 5

807



A. Shopova et al

CemelHaA runepuHcynnHeMmnyecKkasl rmnorinkeMus

C 3aNNNenTUYeCKNM CUHAPOMOM, KOTHUTUBHbLIMU
HapyLweHNsAMMN N OGHapyXeHHoW MmyTauueit reHa ABCC 8
(SUR1): OTUET O KJINHUYECKOM c/ly4yae

Amna Illonosa, Cunsus lllonosa, Vpnua Credanosa, Pymsana Kysmanosa
Omoenenue nesponozuu, YMBAJI ,,Ce. Haym'; Meouyunckuii ynusepcumem - Copus, Codus, boneapus

Appec ansa koppecnoHaeHuun: Aua Illonosa, Otnenenne Hepponoruy, YMBAJI ,,Cs. Haym®, Mepuiuacknit yausepcuter — Codus, Codus,
Bonrapus; E-mail: ani_veskova@abv.bg; Tern.: +359 887 338 186

[arta nonyyeHus: 22 uwous 2020 ¢ JaTa npueMKu: 22 mapra 2021 ¢ flata nyénukaumm: 31 oxkra6ps 2021

O6pasel, uuTuposaHua: Shopova A, Shopova S, Stefanova I, Kuzmanova R. Familial hyperinsulinaemic hypoglycaemia with
epileptic syndrome, cognitive impairment and detected mutation of the ABCC 8 (SURI) gene: a case report. Folia Med (Plovdiv)
2021;63(5):805-8. doi: 10.3897/folmed.63.e55696.

Pe3tome

TunepuncynuueMudeckass runormvkemusa (I'T) Bo3HMKaeT B pesylbTaTe HeperyIMpyeMOV CeKpelyy WHCYIMHA OeTa-KIeTKaMu
HO/PKENTYNOYHOI SKele3bl. DTO Hambosee dacTas IIPUYVMHA TSDKENON ¥ IPORO/DKMUTENBHONM TMIOITMKEMUM Y HOBOPOX/CHHBIX.
IT ABnAeTCA OCHOBHBIM (AKTOPOM PMCKa HOBPEXMEHVA MO3Ta M IOCTEAYIOIIEr0 HEeBPOIOTMYECKOTO IIOBPEXJIEHNA, II0ITOMY
BBIABJIEHNE, OBICTPasA AMATHOCTMKA VM CBOEBPEMEHHOE JIedeHNe TalyeHToB ¢ I'T MMeloT pelnaolee 3Ha4YeHNe A IPefOTBPaIleHN
TIOBPEX/IeHNA MO3Tra. B JaHHOM cyyae mpejjraraeTcs KpaTKoe OMJICaHue TalyeHTa ¢ BpoxaEHHbIM [T ¢ ycTaHOBIeHHOM MyTanmeit
B rede ABCCS, xopupytomem cyobenmuniy SURL kaHama K-ATP. O6cyxpaercs reHeanorndeckoe ApeBo, KIMHUYECKas KapTHHa,
AMArHOCTIYeCKas OljeHKa, HeBPONIOTMYeCKNe IIOCNeCTBUAA U VX PAasBUTHE B AMHAMIUKe C OCOOBIM BHYMAHVEM K IV THIECKOMY
CUHAPOMY M ICHXMYECKOMY COCTOAHMIO. JIOCTIDKEHMSA B OOacTV MOJEKY/IAPHON TeHETUMKY, pajmorpadmdeckmx MeTOHOB,
KOHCEpPBATMBHOIO JleYeHNsA VI JIaIapOCKOIMYECKOi XMPYPIMM MOTYT IIOTHOCTBIO M3MEHMTb KAMHMYECKMil IIOAXOZ K JIeTAM C
TSDKEMBIMU BpOXKEHHBIMY popmamu I'T.

KnioueBble cnoBa

BpO)K}IéHHaH TUIIEPUMHCY/TVHEMIMYIECKAA TUIIOTTIMKEMIA, YMCTBEHHAA OTCTA/IOCTD, CMMIITOMAaTYIECKaA SIMIETICUA
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