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ABSTRACT

The amount of glucose in the circulation depends on its absorption from the intestine, uptake and release 
from the liver, and uptake by peripheral tissues. Insulin and glucagon together control the rate of metabolism 
required by peripheral tissues, and both are involved in maintaining glucose homeostasis. Insulin is considered 
to be an anabolic hormone that promotes the synthesis of protein, lipid, and glycogen. The key target tissues of 
insulin are: liver, muscle, and adipose tissue. Glucagon notably affects catabolic processes. Glucose is essential 
for cerebral metabolism. Unsurprisingly therefore, hypoglycaemia may result in encephalopathy. Knowledge 
of the homeostatic mechanisms that maintain blood glucose concentrations within a tight range is the key for 
diagnosis and appropriate management of hypoglycaemia. Young age, fasting, and severe infectious diseases 
are considered as important risk factors. Failure in investigating a neonate, infant, or a child with suspicion of 
hypoglycaemia, increases the risk of delaying a definitive diagnosis and instituting effective treatment. Expe-
ditious identifying the specific cause of hypoglycaemia, as outlined above, will enable accurate institution of 
appropriate treatment and decrease the risk of permanent brain injury from persistent and recurrent severe 
hypoglycaemia. Prompt diagnosis with aggressive early intervention remains the mainstay of treatment to 
avert irreversible brain damage.
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INTRODUCTION

Glucose plays an essential role in the metabolic homeo-
stasis of the body. Its homeostasis is the result of the blood 
glucose supply and consumption. Maintaining the balance 
between glucose production and its consumption is pri-
marily determined by two pancreatic hormones: insulin 
and its antagonist, glucagon, but a number of other factors 
are involved in this regulation. The level of glucose in the 

circulation depends on its absorption in the intestines, pro-
duction in the liver and kidneys, and its tissue consumption. 
Glucose is delivered to the blood from two sources: from 
the gastrointestinal tract and from the liver and kidneys 
(glycogenolysis and gluconeogenesis) [1]. Hypoglycaemia 
is a syndrome of symptoms, associated with a decrease in 
blood glucose levels, which subside following glucose ad-
ministration. Hypoglycaemia, which may be transient, per-
sistent, or recurrent, is associated with many conditions [2].
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MECHANISMS OF GLUCOSE HOMEOSTASIS 
REGULATION

METABOLIC PHENOMENA

Glycolysis – this is the process of glucose oxidation, 
the main pathway of glucose catabolism; it runs in all 
cells. It can be conducted both in aerobic and anaerobic 
conditions. An oxygen-induced change leads to the for-
mation of pyruvate, which then enters the citric acid cycle 
(Krebs tricarboxylic acid cycle). This cycle is a common 
end point for the oxidation of carbohydrates, lipids, and 
proteins.

Gluconeogenesis – this process converts non-car-
bohydrate compounds into glucose. It is mainly present 
in the liver and partly in the kidneys [3]. The main sub-
strates for gluconeogenesis are lactate, pyruvate amino 
acid glucose, and glycerol. The next step in carbohydrate 
metabolism is the metabolism of glycogen. Synthesis of 
glycogen from substrates of gluconeogenesis is termed 
glycogenogenesis. Glycogen degradation (glycogenoly-
sis) is intended to safeguard normal blood glucose levels. 

HORMONES REGULATING THE CELLULAR USE  
OF GLUCOSE

Pancreatic hormones – the most important metabolic 
value belongs to insulin and its main antagonist, gluca-
gon.

Insulin is one of the most important anabolic hor-
mones in the body. It is synthesised in β-cells of the “is-
land organ” of the pancreas. Insulin affects glucose me-
tabolism both directly by increasing glucose transport, 
stimulating glycolysis and glycogen synthesis, and indi-
rectly by blocking the delivery of substrates for glucose 
resynthesis. The metabolism of glucose is also regulated 
by insulin within the cells.

Glucagon is the second most important hormone to 
maintain glucose homeostasis. It is produced by pancre-
atic α-cells. Glucagon is the most important catabolic 
hormone, which mainly acts on the liver, stimulating gly-
cogenolysis and gluconeogenesis and inhibiting glycogen-
ogenesis and glycolysis; its effects increase hepatic glucose 
production (HGP). It plays a crucial role in ensuring that 
glucose delivery from the liver is adequate for the current 
needs of the body. Glucagon not only protects the body 
against hypoglycaemia, but also restores normoglycaemia 
if hypoglycaemia has occurred. Within the Langerhans 
islands, it also has an incretin effect that affects the secre-
tion of insulin and somatostatin. Among pancreatic hor-
mones that play a role in glucose metabolism, somatosta-
tin, pancreatic polypeptide, and islet amyloid polypeptide 
should also be mentioned. Gastrointestinal hormones 
constitute one of the poles of the intestinal-pancreas axis. 
Not only are they crucial for the maintenance of glucose 
homeostasis, but also they affect the secretion of digestive 

enzymes, regulate gastrointestinal motility, and have an 
incretin effect on the secretion of insulin and glucagon.

OTHER MECHANISMS OF GLUCOSE 
HOMEOSTASIS REGULATION 

Hormones affecting the secretion of digestive en-
zymes, as well as hormones regulating the gastrointesti-
nal motility, must be listed here. The hypothalamic-pitu-
itary-adrenal axis (HPA) is also an important factor in 
glucose homeostasis.

HYPOGLYCAEMIA – ITS CAUSES  
WAND SYMPTOMS

Hypoglycaemia is a syndrome of symptoms associ-
ated with a decrease in blood glucose levels, which sub-
sides following glucose administration. The first reports 
appeared in the 1930s [3]. This knowledge deepened in 
subsequent years [4]. Hypoglycaemia, which may be tran-
sient, persistent, or recurrent, is associated with many 
conditions [5-9].

RECOGNITION OF HYPOGLYCAEMIA 

Borderline blood glucose levels, which supply brain 
tissue in energy, should be assessed in terms of age, taking 
into account the technique of collection and the method 
of determination and the presence of, for example, poly-
tomies [10, 11]. It is assumed that blood glucose levels 
measured in whole blood are 15% lower than those de-
termined in plasma, due to the relatively low concentra-
tion of glucose in red blood cells. The blood glucose con-
centration measured in venous blood is 10% lower than 
in capillary or arterial blood. Newborns have the lowest 
prevalence at 1.7 mmol/l (30 mg/dl), and in prematures 
1.1 mmol/l (20 mg/dl), in the first three days of life. In-
fants can range from 2.2 to 2.8 mmol/l (40-50 mg/dl), and 
in adults and older children the borderline of the limit val-
ue is specified as 3.0 mmol/l (54 mg/dl). Slightly different 
values were presented by Faustino et al. They suggest de-
fining hypoglycaemia as < 2.2-2.5 mmol/l (< 40-45 mg/dl) 
in neonates and < 3.3-3.6 mmol/l (< 60-65 mg/dl) in chil-
dren [12]. Commonly accepted severe hypoglycaemia is 
defined as blood glucose < 2.2 mmol/l (< 40 mg/dl). 

DISORDERS OF GLUCOSE HOMEOSTASIS  
IN NEWBORNS AND YOUNG INFANTS

The issue of blood glucose assessment in neonates and 
young infants raises a number of controversies. Adam-
kin et al., on behalf of the Committee on Foetuses and 
Newborns, presented a practical guide and algorithm for 
the screening and subsequent management of neonatal 
hypoglycaemia [13]. Neonatal hypoglycaemia is com-
mon; however, there is ongoing controversy regarding 
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its operational definition. Recently recommended val-
ues are significantly higher. The most recent published 
survey of British neonatologists showed wide variation 
in definitions of neonatal hypoglycaemia from < 1 to  
< 4 mmol/l (18-72 mg/dl) [14]. In the healthy neonate, 
immediately after birth, lower blood glucose values are 
common. These transiently lower glucose values, im-
prove, and reach normal ranges within hours after birth. 
It is assumed that the transient form of hypoglycaemia 
will last up to 48 hours; if it persists longer, it should be 
regarded as pathological [15]. The subject of discussion is 
when the concentration glucose is considered to be nor-
mal and when it is already hypoglycaemia. The test results 
of glucose depend on many factors. These include the 
technique of the study performed, the type of blood from 
which the test was performed (venous, capillary, arterial, 
or serum), and the method [16-18]. Recently, continuous 
recording is being used to monitor glycaemia also in chil-
dren (continuous glucose monitoring sensor – CGMS) 
[19-23]. The real-time continuous glucose monitoring in 
combination with proportional integral derivative control 
can reduce hypoglycaemia during tight glycaemic control 
[24]. Factors such as elapsed time from childbirth, course 
of birth (hypoxia etc.), body weight (large for gestational 
age – LGA, small for gestational age – SGA), and mater-
nal facts (medications, glucose infusion, etc.) are also of 
great importance [25-29].

Significant differences occurred in the group of 
180 children hospitalised in the neonatal unit and fol-
lowed-up by Hussain and Sharief [30]. Serum glucose lev-
els should be considered to be in the range 2.8-5.6 mmol/l 
(50-100 mg/dl) in neonates receiving no intravenous in-
fusion. Glucose determinations should be made by labo-
ratory methods in venous blood serum; a glucometer may 
be useful for the screening test, but the results should be 
verified by laboratory methods [31, 32]. Glucose testing 
should be performed routinely in sick children as well as 
prematures [33].

In neonates not at risk of glucose metabolism disor-
ders, blood glucose should be measured between one and 
four hours postnatally and repeated between eight and 
16 hours of life unless there are indications for a previ-
ous study (e.g. symptoms of hypoglycaemia). Newborns 
from high-risk groups receiving constant IV fluid infu-
sions should have blood glucose determined at each con-
nection for the first three days and then once a day for 
4-7 days after birth. In non-high-risk infants receiving 
infusion fluids, glycaemia should be measured 1-2 times 
a day for the first week of life. In infants receiving IV flu-
ids, with concentration of glucose in the blood within the 
normal range, the frequency of testing can be reduced to 
two times per week.

Schaefer-Graf et al. [34], who conducted a number of 
studies in 1136 newborn infants born with greater than 
normal body weight (LGA), recommend routine glucose 
determination in this group. The authors believe that 

newborns whose mothers had glucose levels 10.0 mmol/l 
(≥ 180 mg/dl) during a one-hour oral glucose tolerance 
test, have an increased risk of hypoglycaemia.

CLINICAL PICTURE OF HYPOGLYCAEMIA  
AND ITS BASIS IN ACCORDANCE WITH AGE

Hypoglycaemia is most prevalent in the neonatal pe-
riod, in early infancy, and in children between two and 
eight years of age; it is less common in older children. The 
causes of hypoglycaemia are generally divided into per-
manent and transient. Symptoms of hypoglycaemia can 
be varied and may occur in different combinations and in 
varying degrees, not always strictly dependent on the ab-
solute values of the glycaemia. Hypoglycaemia, especially 
in newborns, infants, and young children, should always 
be treated as a state of emergency because it can lead to 
short-term death if not fatal, in any case to very serious 
permanent central nervous system damage [35]. Early di-
agnosis and aggressive treatment is crucial. Symptomatic 
treatment should be implemented immediately and con-
tinued until normoglycaemia is stabilised, independently 
of the simultaneous diagnosis. In newborns, the occur-
rence of hypoglycaemia is often associated with low gesta-
tional age. Stomnaroska et al. investigated 84 patients who 
were found to have hypoglycaemia; in this group 89.25% 
of babies were premature [36]. According to the authors, 
however, further studies on a larger population are nec-
essary to fully understand and prevent the phenomenon 
of hypoglycaemia in newborns. In children after the neo-
natal period the most common causes of hypoglycaemia 
are diabetes mellitus and idiopathic ketotic hypoglycaemia 
(IKH), but a number of endocrine disorders and inborn 
errors of metabolism (IEMs) need to be excluded [37].

Hypoglycaemia may be caused by increased glucose 
consumption or decreased glucose production. This con-
dition can be divided into the following: hypoglycaemia 
with accompanying hyperinsulinaemia and hypoglycae-
mia with normoinsulinaemia or even hypoinsulinaemia. 
An important element in differentiating hypoglycaemia 
is the presence or absence of ketose (hyperketotic and 
hypoketotic hypoglycaemia). Genetic activation of the 
insulin signal-transducing kinase AKT2 causes syn-
dromic hypoketotic hypoglycaemia without elevated in-
sulin [38]. Increased glucose consumption may be due to 
hyperinsulinism [39]. Pancreatic β-cells are functionally 
programmed to release insulin in response to changes 
in plasma glucose concentration. A number of already 
identified genetic defects may result in dysregulation of 
insulin secretion, leading to severe hypoglycaemia. Such 
defects may affect receptors located not only in β-cells 
but also in α-cells, which may cause insufficient secretion 
of glucagon in these states [40]. Also, a number of other 
genetic mutations may be responsible for the occurrence 
of hypoglycaemic conditions. In hyperinsulinaemic hy-
perglycaemia, insulin secretion becomes dysregulated, so 
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that it persists even in the presence of low plasma glucose 
concentrations [41-43]. Recent international agreements 
have been presented on congenital hypoglycaemia disor-
ders, emphasising novel molecular mechanisms resulting 
in genetic diagnosis and new therapies [44].

Hyperinsulinaemia can be transient or persistent [45, 
46]. It is the most common cause of hypoglycaemia in the 
first three months of life. Transient neonatal hyperinsu-
linaemia may be associated with intrauterine hypoxia or 
low body mass. It is well known in children of diabetic 
mothers [47, 48]. Congenital hyperinsulinism is a con-
dition leading to recurrent hypoglycaemia due to inap-
propriate insulin secretion by pancreatic islet beta cells 
[49-51]. Is it usually isolated, but may rarely be part of 
a genetic syndrome [52-55]. A discussion, based on the 
literature, that showed the usefulness of the study of vari-
ous forms of hyperinsulinaemic hypoglycaemia, involving 
defects in key genes regulating insulin secretion, was pre-
sented by Vora et al. [56]. Two types of hyperinsulinaemia 
can be distinguished: diffused (70% of cases) and focal 
(30% of cases).

Insulinoma is a very rare tumour in children and ad-
olescents. In children, pancreatic insulinomas are usually 
solitary and benign tumours. Prompt and early diagnosis 
of insulinoma is essential because it can trigger recurrent 
hypoglycaemia, which can lead to irreversible neurologi-
cal damage. Most insulinomas in children are benign and 
so can be treated successfully by surgical resection [57-
59]. One form of hyperinsulinaemic – hypoglycaemia – 
is familial hyperinsulinism (FHI). It is caused by a gene 
mutation. An extensive discussion of FHI was presented 
by Glaser [60], who drew attention to differences in the 
course of the disease depending on the age at which it oc-
curred. Neonatal-onset disease manifests within hours to 
two days after birth. Childhood-onset disease manifests 
during the first months or years of life. In the newborn, 
FHI is characterised by a severe course.

Hyperinsulinaemia associated with hyperplasia of 
pancreatic islets of Langerhans may be related to some 
other medical disorders [61]. De Lonlay et al. observed 
a group of 175 patients with hypoglycaemia for over 20 
years. In 98 cases, the symptoms occurred during the 
neonatal period, amongst 12 patients being transient, 
while 86 patients were diagnosed with persistent hyper-
insulinaemia [62]. Neonates were clinically more severely 
affected than infants. Neonates required higher rates of IV 
glucose than infants, to maintain normal plasma glucose 
levels (16 mg/kg per min vs. 12 mg/kg per min). Eight 
of nine patients with childhood onset of hyperinsulinism 
were treated surgically, and histological examination con-
firmed an adenoma in each case. It is interesting to report 
the occurrence of hyperinsulinaemic hypoglycaemia in 
neonates from families with MODY-associated diabetes 
mellitus with mutation in the HNF4A gene [63].

The endocrine system plays the key role in regulation 
of glucose homeostasis, particularly emphasising the hy-

pothalamic-pituitary-adrenal axis hormones. Amongst 
hormonal causes, hypothalamic-pituitary insufficien-
cy should undoubtedly be mentioned, in the course of 
which the deficit of hormones from anterior lobe of pitu-
itary gland may occur [64, 65]. Secretion disorders may 
concern selectively single hormones or several hormones 
at the same time: growth hormone (GH), corticotropin 
(ACTH), thyrotropin hormone (TSH), as well as gonado-
trophins (FSH, LH). Reasons for defects in pituitary gland 
hormone secretion may apply to the hypophysis itself, but 
they can also follow disturbances in secretion of releasing 
hormones in the hypothalamus.

Statement during the episodes of hypoglycaemia re-
duced in the blood serum levels of insulin, free thyroxine, 
thyroid-stimulating hormone, and growth hormone, sug-
gesting a diagnosis of hypopituitarism and requiring fur-
ther diagnostics. Extensive coverage of endocrine causes 
of hypoglycaemia in childhood has been recently report-
ed by Sreekantam et al. [66].

The deficit of secretion may have a genetic basis or 
be related to some malformations. Another reason of 
hormonal hypoglycaemia is glucocorticoid deficiency. 
A shortage of adrenal hormone secretion leads to a de-
crease in hepatic gluconeogenesis and finally to hypogly-
caemia [64, 67]. A lot of facts indicate that the occur-
rence of hypoglycaemia among children with congenital 
hyperinsulinism is caused not only by increased insulin 
secretion, but also that glucagon’s release shortage (which 
is the strongest contra-regulatory hormone) might play 
a role [68].

An interesting analysis of hormonal response to hy-
poglycaemia was conducted by Crofton and Midgley 
[69]. They analysed two groups of children: one with  
16 infants below the 3rd month of life and a second group 
with 14 infants and children up to the 4th year of life. In 
the first group, infants with hyperinsulinaemia prevailed, 
while in the second one the causes of hypoglycaemia were 
more diverse. Age-dependency affected the secretion of 
cortisone and growth hormone in the course of hypo-
glycaemia. The authors claimed that cortisone secretion 
measurement is more reliable for pituitary gland and ad-
renal gland function assessment among older vs. younger 
children.

INHERITED METABOLIC DISORDERS AS THE 
CAUSE OF HYPOGLYCAEMIA IN NEONATES 
AND INFANTS

One of the best known congenital metabolic disorders 
associated with hypoglycaemia are glycogen storage dis-
eases (GSD). Hypoglycaemia is also a common phenom-
enon in the case of fatty acid oxidation block. The most 
frequent defect of oxidation is medium-chain acyl-CoA 
dehydrogenase (MCAD) deficiency. 

Glycogen metabolism disorders – among the best 
known congenital metabolic defects associated with hy-
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poglycaemia are glycogen storage diseases (GSD) [70], 
a group of hereditary disorders characterised by accu-
mulation of pathological type or inappropriate amounts 
of glycogen in tissues [71-73].

Defects leading to these disorders can be heteroge-
nous [74, 75]. In the therapy of GSD, dietetic treatment 
plays a crucial role for the prevention of hypoglycaemic 
episodes [76, 77].

DISORDERS OF GLUCONEOGENESIS

The cause of gluconeogenesis reduction is either 
shortage of substrates or enzymatic blocks. Enzymatic de-
fects manifest primarily as a deficiency of fructose-1,6-bi-
sphosphatase (FBPase). Fructose-1,6-bisphosphatase 
deficiency is an autosomal, recessively inherited disease 
that progresses with severe hypoglycaemia and metabol-
ic attacks resulting from the defect in gluconeogenesis 
[78-80]. Fructose-1,6-bisphosphatase deficiency was first 
described in 1970 [81]. Among causes of reduction of 
gluconeogenesis can be distinguished both the excess of 
insulin that inhibits gluconeogenesis and the deficiency of 
hormones that have antagonistic effects on insulin [82].

DISORDERS OF KETOGENESIS AND KETONE USE

Idiopathic ketotic hypoglycaemia (KH) is the most 
common form of hypoglycaemia beyond infancy. It was 
first described 50 years ago [83]. Such a form of hypo-
glycaemia rarely appears before the 18th month of life. 
Pathophysiology of hypoglycaemia in idiopathic KH is 
not explained. It is thought that hypoglycaemia in KH 
is caused by an inability to sustain adequate rates of en-
dogenous glucose production (EGP) during fasting along 
with the higher glucose requirement in young children. 
The decrease in glycogenolysis (GGL) is not accompa-
nied by a significant increase in gluconeogenesis (GNG), 
possibly because of a limitation in the supply of alanine 
[84]. The cause of severe hypoglycaemia may also be 
connected with hypersensitivity to leucine. Studies by 
Bodamer et al. indicate that energy demand is signifi-
cantly increased, whereas leucine oxidation is reduced 
[85]. Idiopathic ketotic hypoglycaemia is the most com-
mon cause of hypoglycaemia in toddlers. Diagnosis is 
important for preventing serious, long-term sequelae, 
and therefore checking urine and blood ketones is an 
essential part of the evaluation in any hypoglycaemic 
toddler [86]. The frequency of this form of hypoglycae-
mia among children accessed to an intensive care unit is 
highlighted by Daly et al. [87]. 

FATTY-ACID OXIDATION DISORDERS

Hypoglycaemia is also a common occurrence in fat-
ty acid oxidation blocks. Medium-chain acyl-coenzyme 
A dehydrogenase deficiency (MCADD) is a disorder of 

fatty acid β-oxidation inherited in an autosomal recessive 
manner. This may be the cause of hypoketotic hypogly-
caemia in a child [88-90]. Fasting hypoketotic hypogly-
caemia without hyperinsulinaemia should lead to suspi-
cion of fatty acid oxidation defect. The inability to use fats 
as a source of energy enhances the risk of life-threatening 
episodes that can lead to sudden death.

HYPOGLYCAEMIA ASSOCIATED WITH DIFFERENT 
DISORDERS

In older infants, children, and adolescents, besides 
metabolic blocks, the cause of hypoglycaemia can also be 
related to liver disturbance, generalised disease, or poi-
soning. Alteration of blood glucose homeostasis is fre-
quent in critically ill children. Considerable alterations 
of glucose metabolism are found in critical states associ-
ated with stress factors such as trauma, major surgery, or 
sepsis. Prolonged stress is characterised by progression of 
metabolic deregulation, in which gluconeogenesis shows 
resistance to the inhibiting actions of insulin and glucose. 
This resistance refers not only to the insulin influence on 
glucose homeostasis, but stress is associated also with re-
sistance to other insulin effects such as lipolysis suppres-
sion [91-93].

DIAGNOSIS OF HYPOGLYCAEMIA 

In the first hours of a newborn’s life, hypoglycaemia 
may have no symptoms or they can be non-specific [33]. 
Many authors believe that the determination of neonatal 
blood glucose should be performed routinely. The scope 
of diagnostic tests and the timing of their implementation 
depends on the current capabilities.

Preliminary laboratory tests [94, 95]:
• blood glucose level measurement – pH of blood (de-

tecting the acidosis),
• electrolytes,
• ammonia level in the blood,
• ketones in blood and urine,
• insulin serum level – if glycaemia is less than 2.2 mmol/l 

(40 mg/dl), the insulin level measured in the serum 
should not exceed 5-6 μU/ml, and values exceeding  
10 μU/ml indicate hyperinsulinaemia,

• other hormones levels (growth hormone, cortisol),
• amino acids in blood and urine,
• lactate serum levels,
• organic acids in urine.

Further tests depend on requirements and possibil-
ities. 

Diagnostic tests (with constant vein access provided 
and indirect glycaemia control):
• prolonged fasting test (18-24 hours) with the intent of 

provoking hypoglycaemia,
• test with glucagon (0.03 mg/kg of body mass) – check-

ing glycogen reserve,
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• leucine tolerance test – in case of leucine-sensitive hy-
poglycaemia suspicion,

• rastinon tolerance test – in the diagnosis of hyperin-
sulinism,

• functional tests assessing hormonal reserves of the pi-
tuitary gland.

For the assessment of pituitary hormone functions, 
including the assessment of growth hormone secretion, 
various tests are used, including adrenocorticotrophic 
hormone (ACTH) stimulation testing (Synacthen test). In 
suspected growth hormone deficiency, growth hormone 
(GH) dynamic stimulation testing or screening test of 
nocturnal GH secretion is used. Extensive coverage of di-
agnostic endocrine causes of hypoglycaemia in childhood 
has been recently reported Ghosh et al. [37]

In order to confirm or exclude congenital metabolic dis-
order it may be essential to conduct further investigations, 
hence it is advised to secure samples of blood and urine. 
Such samples should also be secured in the case of a patient’s 
death. In the diagnosis of hyperinsulinaemic syndromes 
some modern imaging methods are also used [96-98].

TREATMENT OF HYPOGLYCAEMIA

Hypoglycaemia treating should be undertaken im-
mediately when decreased blood glucose level is detected 
and in the case when performing the measurement is not 
possible – when the suspicion of such a state is made on 
the basis of clinical symptoms. The lack of arrangements 
for reasons of glucose level decrease does not justify 
disregarding the proper reaction. The treatment should 
consider providing a dose of glucose in the first place, so 
as to maintain homeostasis, no matter what the further 
diagnostic or therapeutic steps will be.

Symptomatic treatment is meant to temporarily re-
balance the blood glucose level. It should be performed 
promptly after detecting a reduction of this level:
• Newborns without clinical symptoms: the aim is 2.8-

11.1 mmol/l (50-200 mg/dl) of glycaemia:
 – If the glucose level is < 2.2 mmol/l (< 40 mg/dl): if 
oral nourishing is possible, immediately provide glu-
cose solution and afterwards formula or breastfeed-
ing; if oral nutrition is not possible, begin parenteral 
rehydration.

 – If the glucose level is < 1.1 mmol/l (< 20 mg/dl), in-
travenous rehydration with 10% glucose should be 
administered, with a dosage of 4-8 mg/kg of body 
weight/min, as in the case of newborns with clinical 
symptoms of hypoglycaemia.

• Newborns with clinical symptoms of hypoglycaemia:
 – Immediately input IV bolus of 0.20 g glucose/kg 
which is 2 ml/kg of 10% glucose solution within 1-2 
minutes (do not use 25 or 50% solutions).

 – Continuation of intravenous infusion of 6-8 mg glu-
cose/kg/min of 10 or 50% solution or 90-120 ml/
kg/24 hours of 10% solution.

 – Small for gestational age infants (SGA) and those 
whose mothers had toxaemia or who were exposed 
to intrauterine hypoxia require glucose infusion with 
dose > 20 mg/kg/min. The treatment might be neces-
sary within 2-4 weeks.

Recent studies suggest that treatment with dextrose 
gel is safe and effective and may support breast feeding 
[99]. Randomized tests are needed to determine optimal 
thresholds for intervention and treatment strategies. Dex-
trose gel is effective in the management of neonatal hypo-
glycaemia in the postnatal ward setting [100].

Glycaemia monitoring in newborns with treated hy-
poglycaemia:
• Measuring of serum glycaemia should be repeated ev-

ery 1-2 hours if no clinical symptoms are stated.
• In newborns with clinical symptoms of hypoglycaemia, 

measurements should be undertaken every 20-30 min-
utes.

• If the blood glucose level remains below 40 mg/dl, the 
infusion of glucose should be increased to 10-12 mg/
kg/min; if hypoglycaemia still persists, the treatment 
and diagnostic procedures should be immediately in-
tensified.

The aim of the therapy is to achieve a glucose level of at 
least 45 mg/dl (2.5 mmol/). Glucagon (GlucaGen Hypo- 
Kit) may also be used as a medication supporting the 
treatment of hypoglycaemia; it is applied at the dosage of 
0.03-0.1 mg/kg/dose IV or IM [101]. However, it should 
be taken into account that the use of glucagon in the case 
of lack of hepatic glycogen supplies would be ineffective, 
so there would not be a hyperglycaemic effect in the state 
of starvation, adrenal gland insufficiency, or in permanent 
hypoglycaemia.

CONCLUSIONS

Causative treatment depends on the type of disor-
der and is very heterogeneous and not always efficient. 
Early recognition and correction of hypoglycaemia are 
required so as to avoid severe brain damage. In the treat-
ment, the pharmacotherapy is performed with usage of 
diazoxide and somatostatin analogues that inhibit insulin 
secretion [49, 102]. Diazoxide is the first-line treatment, 
although not all patients will fully respond to it, because 
episodes of hypoglycaemia may persist and it entails un-
pleasant adverse effects. Sirolimus has reportedly been 
successful in treating children with severe diffuse hyper-
insulinaemic hypoglycaemia (HH), thus obviating the 
need for pancreatectomy [103]. If persisting hyperinsu-
linaemia is diagnosed in infants before the third month 
of life, surgical intervention may be necessary. Surgical 
exploration is usually undertaken among infants who do 
not achieve improvement due to pharmacological treat-
ment. Mohnike et al. suggest long-lasting use of low dos-
es of octreotide combined with subcutaneous infusions 
of glucagon as a prevention of severe hypoglycaemia ep-
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isodes [104]. Sometimes, however, surgical treatment is 
unavoidable [105].
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