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Definition

Biochemical symptom indicating the underlying disease...

Newborn  

first 4 hours blood glucose < 1.4 mmol/l

4th-12th hour < 2 mmol/l

12th hour  < 2.6 mmol/l, treat  if blood glucose below < 2.2 mmol/l

Infant, older child

glycemia  < 2.2 mmol/l (whole blood)

Glycemia < 2.5 (3) mmol/l (serum, plasma)

Cave – technical conditions of collection

fasting time, fraction of blood tested

time from collection to testing



Clinical definition

Glycemia associated with clinical manifestation!

Whipple's triad – adults, older children

• Symptoms of hypoglycemia

• Low blood glucose levels

• Symptoms disappear with correction of blood glucose

levels

Infants, young children – inability to describe symptoms

Repeated blood glucose measurements

(Recommendations from the Pediatric Endocrine Society for Evaluation and Management of 

Persistent Hypoglycemia in Neonates, Infants, and Children – PubMed, 2015)

https://pubmed.ncbi.nlm.nih.gov/25957977/
https://pubmed.ncbi.nlm.nih.gov/25957977/
https://pubmed.ncbi.nlm.nih.gov/25957977/
https://pubmed.ncbi.nlm.nih.gov/25957977/
https://pubmed.ncbi.nlm.nih.gov/25957977/


Symptoms - newborns

Cyanosis

Apneic pauses

Poor sucking 

Hypotension

Lethargy, irritability

Respiratory distress

Thermolability

Convulsions

Unconsciousness

Sudden death



Symptoms – older children 

Adrenergic
(autonomic nervous 
system activation)

Anxiety

Sweating

Palpitations

Pallor

Tremor

Weakness

Hunger

Nausea

Vomiting 

Neuroglycopenia

Headache

Confusion

Visual disturbances ( visual 
acuity)

Personality changes

 Concentration ability

Dysarthria

Convulsions

Ataxia, coordination disorders

Somnolence, lethargy, coma 



Blood glucose regulation

Meal

Glucose

Fatty acids

Aminoacids

Gluconeogenesis
ß oxidation

+ insulin

- cortisol, GH

Target tissues-CNS Liver glycogen

(supply for 6-12 hours)

Glycogenolysis

+ glucagon, adrenalin,      
+ cortisol, GH

- insulin

Glycogenesis
+ inzulin

-cortisol, GH



Classification – what is failing?

 Metabolism – decrease in resources

 Glycogenolysis

 Gluconeogenesis

 Glycogenesis

 With preserved hormonal counterregulation 
(insulin, cortisol, GH)

 Glycemia regulation – hormonal 

  ↑ insulin ↓ cortisol ↓ GH

 Sufficient metabolizable resources

 Hypermetabolic state – 

 sepsis, hyperthyroidism



Classification – relationship to food?

Hypoglycemia

Postprandial Fasting

Hereditary fructose  
intolerance 

Galactosemia

„Hy-Hy“ 
(hyperinzulinism –
hyperammonemia – 
„leucin sensitive“)

„Sick" appearance

Sepsis

Renal failure

Liver failure

Heart failure

Endocrine deficiencies

Alcohol + malnutrition

Anorexia nervosa

Medications

"Healthy" 
appearance

β-cell hyperplasia

Insulinoma

Medications



Classification – according to the 
diagnostic algorithm? 

(modified according to Saudubray)

Child (infant)  with hypoglycemia

Hepatomegaly    + Hepatomegalie  - 

Galactosemia

Glycogen storage 
disease I, III, VI, IX

Hereditary fructose  
intolerance 

Tyrosinemia type I. 

Neonatal 
hemochromatosis

Respiratory chain 
disorders

CDG syndrome

Ketotic

Organic acidurias

Ketolysis disorders

Glycerol kinase 
deficiency

Respiratory chain 
disorders

Adrenal insufficiency

Recurrent ketotic 
hypo

Nonketotic

β oxidation disorders

Hyperinsulinism (CH)

CDG syndrome

Cortisol deficiency, GH 
deficiency

Munchausen by proxy 
syndrome 

(insulin administration)



Hyperinsulinism - classification

Acquired

1. Neonatal 

• Maternal diabetes

• Perinatal stress 

     - asfyxia

     -FGR

     - eklampsia,  maternal 

hypertension  

• Mother´s medication 

(sulfonylurea)

Genetic forms

1. Isolated HI

Diffuse form (ABCC8, KCNNJ11, GCK  …)

Focal form (paternal AR variants ABCC8 a KCN11)

Atypical form (somatic AD variants ABCC8, GCK) 

2. HI- genetic syndromes

CDG syndrome (glycosylation defects)

Beckwith –Wiedemann syndrome

Usher syndrome, Kabuki sy, 

Costello syndrome, Coffin – Siris syndrome

Turner syndrome (mosaicism, ring) 

Timothy syndrome 

(adapted from: International Guidelines for the Diagnosis and Management of Hyperinsulinism, 

2024)

https://pmc.ncbi.nlm.nih.gov/articles/PMC11124746/pdf/nihms-1993245.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC11124746/pdf/nihms-1993245.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC11124746/pdf/nihms-1993245.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC11124746/pdf/nihms-1993245.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC11124746/pdf/nihms-1993245.pdf


The most common cause of persistent 

hypoglycemia in children

1 /40,000 -50,000 newborns

> 30 genes

Channel and transport protein defects

ABCC8, KCNJ11 - KATP channel dysfunction

CACNA1D, SLC16A1

Metabolic pathway impairment

Enzymes leading to ↑ ATP/ADP ratio 

reduction in insulin secretion threshold

GLUD1, GCK, HADH, UCP2, HK1, PGM1, PMM2

Transcription factor defects

HNF4A and HNF1A, FOXA2

Congenital hyperinsulinism

Source: Congenital Hyperinsulinism: 

Diagnosis and Treatment Update, Demirbilek 

H., Hussain K., 2017



"critical sample„

Laboratory tests at the time of hypoglycemia

Capillary blood

Acid-base balance

Lactate

Glucose

Dry drop - carnitine

Blood 

(serum, plasma)

Glucose

Free fatty acids

Beta-hydroxybutyrate

Ammonia

Carnitines

Amino acids

Uric acid

Insulin, C-peptide, 
cortisol, GH

Urine

Ketones

Reducing substances 
– mellituria

Organic acids



evaluation of hypoglycemia attack 
results

Physiological response

FFA (free fatty acids) increase > 0.5 
mmol/l

ß-hydroxybutyrate increase by 1 
mmol/l (alternative energy source)

Insulin – suppression < 1.25 mIU/l

Cortisol > 550 nmol/l

GH > 20 mIU/l

Pathological response

↓ FFA and ß hydroxybutyrate – 
hyperinsulinism

↑ lactate – impaired 
gluconeogenesis, glycolysis, 
respiratory chain

(Recommendations from the Pediatric Endocrine Society for Evaluation and Management of Persistent 
Hypoglycemia in Neonates, Infants, and Children – PMC, 2015)

https://pmc.ncbi.nlm.nih.gov/articles/PMC11891912/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11891912/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11891912/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11891912/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11891912/


Diagnostic criteria for hyperinsulinism

Hypoglycemia < 2.8 mmol/l 

Evidence of ↑ insulin effect

1.↓ β – hydroxybutyrate (β-OHB) (< 1.8 mmol/l)

2. ↓ FFA (< 1.7 mmol/l)

3. ↑ (inadequate) response to glucagon (> 1.7 mmol/l)

4 . ↑ requirements for i.v. glucose administration       
> 8 mg/kg/min newborn      > 3 mg/kg/min adult

Evidence of ↑ insulin secretion (insufficient 
suppression)

Insulin > 1.25 mIU/L 

C-peptide >  0.17 nmol/L
(International Guidelines for the Diagnosis and Management of Hyperinsulinism, 2024)

https://pmc.ncbi.nlm.nih.gov/articles/PMC11124746/pdf/nihms-1993245.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC11124746/pdf/nihms-1993245.pdf


What to do if we didn't catch the hypo?

 Dynamic tests in endocrinology

 ACTH – adrenal cortex axis

         ACTH test 

         insulin hypoglycemia   

 GH axis

         pyridostigmin and clonidin

         insulin hypoglycemia
 Cave – insulin levels must be evaluated in  

relation to blood glucose levels!!!



The starvation test

Infants up to 6 months – 8 hours

6-8 months              - 12 hours

8-12 months             - 16 hours

1-2 years                  - 18 hours 

2-7 years                     - 20 hours

Over 7 years  – 24 hours

Monitoring – vital signs, blood glucose, β-OHB

Test ending

Blood glucose <2.8 mmol/l

β-OHB > 2.5 mmol/l

(Recommendations from the Pediatric Endocrine Society for Evaluation and Management of Persistent 

Hypoglycemia in Neonates, Infants, and Children – PubMed, 2015)

https://pubmed.ncbi.nlm.nih.gov/25957977/
https://pubmed.ncbi.nlm.nih.gov/25957977/
https://pubmed.ncbi.nlm.nih.gov/25957977/
https://pubmed.ncbi.nlm.nih.gov/25957977/
https://pubmed.ncbi.nlm.nih.gov/25957977/


Hypoglycemia therapy

Overt hypoglycemia and 

blood glucose below 2.5 mmol/L

Bolus 

0.2 g/kg    (10% glucose 2 mL/kg) 

0.5 g/kg    (40% glucose 1.25 mL/kg)

Continuous infusion - 10% glucose

Rate - 4-7 mg glucose/kg/min  

(neonatal and infant production)

(hyperinsulinism 10-25 mg/kg/min) – central venous 
cathet required!!



Hyperinsulinism therapy

Drug therapy

1. diazoxide (5-15 mg/kg/day)

2. Hydrochlorothiazide(1-2 mg/kg/day)

2. octreotide (5-20 ug/kg/day s.c.)

Diet

1. frequent feeding (max. intervals 3 hours, 1-2 nighttime feedings)

2. polysaccharides (Fantomalt, Maizena, Gustin) – 1-2 g/kg

3.Continuous enteral glucose supply (up to 20%)
(NGS, PEG)

Surgery – focal forms, unsuccessful conservative treatment (90-98%)

(International Guidelines for the Diagnosis and Management of Hyperinsulinism, 2024)

https://pmc.ncbi.nlm.nih.gov/articles/PMC11124746/pdf/nihms-1993245.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC11124746/pdf/nihms-1993245.pdf


Case 1

Hyperinsulinism: CH

II. Risk pregnancy

Pathological screening, amniocentesis

Karyotype 46,XX

Delivery in 40. week, 

BW 2930 g, BL 49 cm

Apgar score 9,10,10 bb

Glycemia below 0.6 mmol/l in the 6th hour

Repeated hypoglycemia 

With total glucose intake >12 mg/kg/min

Personal history



Case  1

Hyperinsulinism: CH

Glucose

(mmol/l)

Insulin 
(mIU/l)

C peptid 
(nmol/l)

GH 
(mIU/l)

Cortisol 
(nmol/l)

2,O 12,5 0,9 35,88 393

2,3 5,22 0,52 76,37 695

2,2 4,12 0,53 67,33 nd

0,9 6,13 0,42 nd nd



Case 1

Hyperinzulinism: CG

Complex drug treatment at maximum dosage 

fails to maintain glucose levels

4 weeks – long-term central venous catheter 

4 months – subtotal pancreatectomy

After surgery, with complex treatment,

again  hypoglycemias up to 1.1 mmol/l

6 months – reoperation to "total" pancreatectomy + gastrostomy

Histology: diffuse hyperplasia of pancreatic beta cells

Up to 7 months: > 500x glc <2,5 mmol/l, next year (205x), 3rd y(48x) 



Case 1

Hyperinsulinism: CH

Therapy

Proglicem, Sandostatin, Nifedipin,
Hydrochlorothiazid

Continuous administration of fluids in the form 

of a 9% sugar solution(tea with glucopur) via gastrostomy

Meal after 3 hours with the addition of 2.7 g of polysaccharides

(Fantomalt, Gustin)

Diet



Congenital hyperinsulinism

Further development

Termination of Octreotide treatment            6 years

Termination of continuous glucose infusion 8 years

Termination of diazoxide treatment            10 years

Insulin-dependent diabetes mellitus           10 years

Anthropometry: at 13 years

Height 153.1 cm (50th percentile),

Weight 44.6 kg, BMI 19, (65th percentile)

Menarche 11.5 years

Education: Secondary hotel school



Congenital hyperinsulinism

Physical examination at 18 years

Height 160,9 cm,  weight 79 kg, BMI  30.1 kg/m2

BP 134/88 mmHg,  HR 76/min 

obesity, scar after upper midline laparotomy and gastrostomy 

Therapy

Toujeo (glargine) 36 j s.c. in the morning

Novorapid  10 j. (30-40 g S) -   10  j (50 g S) -  9-10  j (40 gS) s.c. 

TDD 68 j/day,  tj. 0,82 j/kg

Compensation
Time in range only 26 %!!!!, average glycemia  11,8 mmol/l!!!, 

HbA1c  74 mmol/mol



Silver – Russel 
syndrome

Silver -Russel syndrome
1:20 000 

FGR
Growth failure
Failure to thrive – food refusal
Typical facial dysmorphy
Hypoglycamias



Diseases 
with hyperinsulinism

EMG syndrome
(Beckwith-Wiedemann)

1:10 000 

Umbilical hernia
Macroglossia
Macrosomy
Hypoglycemia
Wilms Tu risk



Diseases 
with hyperinsulinism

CDG syndrome
Inherited glycosilation disorders

1:20 000

Strabism
Hypotony
Mental retardation
Craniofacial dysmorphy 
Skeletal changes, skoliosis



Case 2

Panhypopituitarism

Personal and family history

I. Physiological pregnancy, 

delivery at 42 weeks

Apgar 9,9,10 bb, BW 3650 g, BL 52 cm

In the fourth hour blood glucose 1.4 mmol/l

Hypoglycemias persist for the third day

Cardiopulmonary stable

RA: mother healthy, father psoriasis



Case 2

Panhypopituitarism

Fourth day of life

Cortisol  12 .. below 5  nmol/l

17 hydroxyprogesterone 7,2 nmol/l

ACTH 3,4 ng/l

fT4 14,9..7,6..9,4 pmol/l, TSH 2,46..1,37 mIU/l

Dynamic test with Synacthen

Cortisol 48….48 nmol/l

Laboratory



Case 2

Panhypopituitarism

Adrenal ultrasound normal finding

CNS ultrasound normal finding

CNS MRI high signal of the anterior pituitary lobe

which is practically isodense in the child, which is 

Consistent with clinical insufficiency in its function

Eye examination optic nerve papilla hypoplasia

Diagnosis: SOD, panhypopituitarism,

Therapy: glucocorticoids substitution, thyroxine



Case 2

Panhypopituitarism

Hypoglycemia no longer 

occurs…

Decreased growth velocity

pyridostigmine and clonidine test

GH 0,4..0,1 mIU/l

insulin hypoglycemia test

Glycemia 4,7..2,2..2,8..2,7..3,8..5,5 mmol/l

GH 0,4..0,1..0,1..0,2..0,2..0,3 mIU/l



Growth hormone replacement therapy started 

at age 3…

Growth velocity restored…

Case 2 Panhypopituitarism



SOD – de Morsier syndrome

Congenital CNS anomaly
- central structure abnormalities
- - hypoplasia of one or both optic nerves
- - hypothalamic-pituitary insufficiency
Incidence 1 : 50,000
Etiopathogenesis
Viral infections?
Teratogens?
Vascular origin? 

HESX1 gene – AR inheritance



Liver disease

Tyrosinemia type I. 
1: 100 000

Liver failure
Hepatocelular carcinoma
Renal tubular impairment
Neuropathy



Case 3

Glycogen storage 
disease  (GSD) III

I/I  pregnancy, delivery at term,
BW 3420 g, BL 51 cm, 
Good adaptation
Family history: without serious diseases
12 months: hospitalisation due to acute  pyelonephritis
Liver +2cm 
 ALT 2,45 kat/l (N<0,60), AST 2,6 kat/l (N<0,69)
No control laboratory tests  
At the age of 18 months during a preventive examination, 
the health condition was assessed as physiological 

20 months, at the request of the mother, 
she was sent for examination due to a swollen belly



Case 3

GSD III

Doll face 
Borderline microcephaly (5.P)
psychomotor development appropriate
Ultrasound: liver extending into the pelvis, 
hyperechogenicity of the parenchyma. 
Laboratory:
ALT 26,61 kat/l, AST 67,85 kat/l, TRG 11,93 mmol/l (N1-1,64),
Cholesterol 7,39 mmol/l (N 2,6-4,8), Urine acid 394 mol/l,
B-laktate 3,8 mmol/L (N<2,3), Glykogen in ery 1290 mg/l(N<100)
Glycemic profile: repeated nocturnal asymptomatic hypoglycemias
Up to 2,2 mmol/l
  



GSD III, m. Cori-Forbes 
(debranching enzyme deficiency) 

Autosomal recessive inheritance
1:100 000 

First: liver disease dominates, 
hypoglycemia with risk of epilepsy and microcephaly, 
hepatomegaly disappears at puberty, but 25% develop adenomas
Later: myopathy and cardiomyopathy!!



Glycogen storage diesease I
GSD I, m. Gierke

Autosomal recessive inheritance
1:80-100 000 

Glucose-6-phosphatase/translocase

Hepatonephromegaly
Liver adenoma
Hepatocellular carcinoma
Hypoglycemia
Hepatopathy
Dyslipidemia
GSD Ib-agranulocytosis-infections
Renal impairment
Inflammatory bowel disease



Case  4

GSD Ib

II/II pregnancy, delivery at term,
BW 3700 g, BL 54 cm, 
Good adaptation
Family history: older brother healthy
Present illness: 1st day feeding refusal, drowsiness, 
tachypnea, tachycardia, - glc 0,45 mmol/l, lactate 13 mmol/l. 

13th day of live discharged home on regular formula!! 

For sleepiness, poor feeding, low-grade fever, 
hospitalization at 3.5 months of age at place of residence: 
glc 2.9 mmol/l, ALT 1.35 µkat/l, AST 1.8 µkat/l, lactate 5.76 mmol/l
Examination at our department at 5 months of age 



Case 4

GSD Ib

Physical examination
H+4 cm, doll face
weight 6340vg(30.P), lenght 64 cm (50.P), HC 41cm (25.P)
Abdominal ultrasound: hepatonephromegaly
Laboratory tests:
ALT 1,22 kat/l, AST 1,72 kat/l, TRG 7,52 mmol/l 
B-lactate 11,60 mmol/L
Glycemia: repeated hypoglycemias up to 0,1 mmol/l
BC: leu 9,3.109/l, seg 2%, abs.number 192.106/l

Dg: molecular genetic test: deficiency of  glc-6-phosphatase transl.
Glycogen storage disease type Ib



Case 4

GSD Ib

Further course and Therapy

3,5 years. 
weight 17,5 kg(60.P), height 104 cm(50.P)
HC 49 cm(10.P)
Appropriate mental development
Epilepsy 0
Therapy
Continuous feeding at night via PEG for 12 hours 
(Pregomin, rice, Glucopur)
Glucose intake at night  7.2 mg/kg/min
During the day: feeding every 2.5 hours, 50% via PEG 
(vegetable, rice, meat, Pregomin+19 g Gustin)
Glucose intake during the day 15 mg/kg/min
Sumetrolim, Neupogen (filgrastim) 



Conclusion

 Hypoglycemia is a serious symptom 
that must be considered in every 
child with unclear psychomotor 
deficits or convulsions...

 When hypoglycemia is detected, it is 
necessary to collect material from the 
attack (blood, urine, 3 gtt) for further 
examination...

 It is essential to stabilize blood 
glucose levels as quickly as possible...



Conclusion

 Acute hypoglycemia can be life-
threatening for child...

 Long-term consequences of 
hypoglycemia may include 
psychomotor retardation and 
secondary epilepsy, but may also 
manifest as decreased head 
circumference growth...
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