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The aim of this article is to present the problem of neonatal hypogly-
caemia through clinical cases. Hypoglycaemia is the most common
neonatal metabolic disturbance. It may be picked up incidentally in
a neonate without clinical signs, or anticipated in a neonate at risk of
hypoglycaemia. The lowest accepted blood glucose (BG) concentra-
tion is difficult to define, the one most often used in clinical practice it
is a BG concentration of 2.2 mmol/L in the first 24 hours of life and
of 2.6 mmol/L after the first day of life. After birth, transient mild
decreases in BG levels are physiological. If hypoglycaemia persists,
samples of blood and urine should be taken to diagnose the etiological
factor causing it if the condition is not otherwise evident. Conclu-
sion: Since persistent or recurrent hypoglycaemia may cause perma-
nent long-term neurological impairment, it is important to diagnose
and treat it appropriately and in good time in order to maintain nor-
moglycaemia and assure normovolemia in a neonate. Moreover, the
etiological factors causing hypoglycaemia should be sought so the

Blood glucose = Neurological manifestations. therapy is also cause-targeted.

Introduction

Metabolic adaptation in the neonate

mones that participate in glucose metabolism
are produced from the 3th month of gesta-
tion onwards (2-4).

12

In physiological conditions, glucose is the
main substrate for human metabolism and
it is the predominant source of energy for
the foetal and neonatal brain (1, 2). In utero
blood glucose (BG) is transferred from mater-
nal to foetal circulation through the placenta
with facilitated diffusion that is determined
by the high maternal-foetal BG gradient (2).
Maternal BG supply may be disrupted due
to some maternal or placental conditions. A
foetus is able to start using alternative sources
of energy (e.g. ketones) and, furthermore, if
inadequate BG supply persists, can produce
glucose on his or her own by glycogenoly-
sis and gluconeogenesis. Enzymes and hor-

After the umbilical cord is clamped, the
continuous metabolic supply from the moth-
er is interrupted. During the process of ad-
aptation to an intermittent supply of glucose
after birth, the neonate is prone to episodes
of hypoglycaemia. Transient postpartum de-
creases in BG concentrations are physiologi-
cal and stimulate neonatal glucose production
and appetite (2-7). Hormone changes after
birth up-regulate the metabolic pathways by
impacting the transcription of genes for met-
abolic enzymes. The hormones that increase
BG concentration in the blood are glucagon,
adrenaline, cortisol, adrenocorticotropic hor-
mone (ACTH), growth hormone and thyrox-
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in; insulin and somatostatin have the opposite
action and decrease BG (2-5).

The glycogenolysis that predominates
shortly after birth is followed by gluconeo-
genesis in 8 to 12 hours, when glycogen stores
are spent. In addition, lipolysis and ketogen-
esis begin. With the establishment of regular
feeding by breast or formula milk, this be-
comes the main source of energy (2, 4). The
rate of demand for glucose in the neonate is
estimated to be from 4 to 6 mg/kg/min and it
presumed to be higher in preterm neonates,

from 8 to 9 mg/kg/min (3, 4).

Normal blood glucose concentration

For each neonate the normal range of BG is
different. It depends on feeding status and
accessibility of nutrients, gestational age, and
birthweight as well as the presence or absence
of a maternal or foetal disease. Therefore, the
definition of hypoglycaemia remains contro-
versial (4, 8, 9-13). Neonates react differently
to low BG and show clinical signs at different
BG concentrations. Secondly, many neonates
at risk of hypoglycaemia have some other as-
sociated risk factors (e.g. hypoxia, stress) that
cause and contribute to the clinical picture of
hypoglycaemia (14). Finally, studies do not
show any unified definition of BG concen-
tration or a critical duration of hypoglycae-
mia that could lead to neurodevelopmental
disturbances (4, 8, 9-13).

Most clinical guidelines define hypogly-
caemia as an arbitrary threshold at which
treatment should be started (9). The ap-
proach is concentrated on recognition of
neonates at risk, in order to lower the conse-
quences of hypoglycaemia and, on the other
hand, to prevent overtreatment of transiently
lowered BG (4, 8, 9-13). When reading the
different guidelines, it should be taken into
account that glucose concentration is higher
in plasma than in whole blood, and it is also
higher in arterial compared to capillary or
venous samples. The operational threshold
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most often used in clinical practice is a BG
concentration of 2.2 mmol/L in the first 24
hours of life and of 2.6 mmol/L after the first
day of life (DOL) (6, 8-10, 13, 15, 16).

Transient and persistent hypoglycaemia

Increased requirements or reduced produc-
tion of glucose result in hypoglycaemia.
Transient postpartum decreases in BG con-
centrations are physiological. In principle, it
is a short-term phenomenon without clini-
cal signs and resolves spontaneously within
24 hours after birth, with regular nutritional
input (2-7).

Sometimes, however, a glucose metabolic
pathway may permanently be disrupted,
causing prolonged or severe hypoglycaemia.
If neonatal hypoglycaemia persists for more
than 48 hours after birth it is most likely
pathological. Causes of pathological hypo-
glycaemia can be divided into 4 main groups
according to the disrupted phase of glucose
metabolism: inadequate glucose supply, low
glycogen stores, impaired glucose production
and increased glucose utilization, with or
without hyperinsulinism (2, 4, 12, 15). First,
inadequate glucose supply appears when
there is insufficient enteral or parenteral nu-
tritional input (5-7). Secondly, low glycogen
stores may be a problem in preterm neonates,
because glycogen starts to form in the 3rd tri-
mester of pregnancy (2, 5, 7, 17), and also in
the case of in utero growth restriction (IUGR)
(2, 7, 18). Thirdly, impaired glucose produc-
tion is the result of metabolic disturbances of
glycogenolysis, gluconeogenesis, amino acid,
carbohydrate and fatty acid metabolism (19).
In addition, endocrine disorders may cause
an imbalance in the hormones participating
in glucose metabolism (cortisol, somatosta-
tin, thyroid hormone), as an isolated disorder
or as a part of a syndrome (20).

Other conditions that may contribute to
low glucose production are: maternal use of
beta antagonists (which minimize the effect
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of adrenaline on glycogenolysis) (21), hy-
pothermia (increases glycogen consumption
and anaerobic conditions) (22) and severe
liver failure (both glycogenesis and glycoge-
nolysis are disturbed) (23). Finally, increased
glucose utilization may appear with or with-
out elevated insulin concentration. Hyper-
insulinism is generally a transient condition
and resolves spontaneously (24). Most often
it is the consequence of unregulated maternal
diabetes (type 1, type 2 or gestational) (25,
26). Moreover, a transient increase in insu-
lin concentration may be seen in some other
conditions: in IUGR (7, 18, 27, 28), after a
stressful peripartum event (2, 7, 22, 29), after
maternal treatment with insulin or glucose
during labour (30), and in the case of some
foetal disorders: haemolytic disease of the
newborn, hypothermia, heart failure (2, 7,
22) and in Beckwith-Wiedemann syndrome
(BWS) (24, 31, 32).

However, hyperinsulinism may persist
and usually results in severe hypoglycaemia.
In almost half of the cases it is caused by
mutation of genes coding the enzymes that
participate in intracellular metabolism or cat-
ion transmembrane transport in the pancre-
atic beta cells. The genes most often affected
are those coding ATP dependent potassium
channel proteins on the cell membrane
(SURI, Kir6.2) that control insulin excre-
tion from beta cells. In addition, mutations
may be present in some syndromes (BWS,
Kabuki, Turner) (7, 24, 33). However, in-
creased glucose utilization can also occur in
a normoinsulinemic state. It may be seen in
asymmetrical small for gestational age (SGA)
neonates that have a disproportionately large
head compared to their whole body (18).
Furthermore fuel requirements are increased
in an anaerobic state (2-5) and also in polycy-
thaemia (34). In sepsis a few factors contrib-
ute to low BG: hormonal and inflammatory
changes result in higher glucose utilization,
glycogen stores are minimised and gluconeo-

genesis is disturbed (35).

History

Perinatal history directs the neonatologist to
check the BG concentration regularly in a
neonate with risk factors for hypoglycaemia.
Certain maternal and neonatal conditions
predispose the neonate to hypoglycaemia
(Table 1) (6, 7, 11, 36).

Neonates with maternal and some tem-
porary neonatal conditions usually have
transient hypoglycaemia. On the other hand,
persistent or recurrent hypoglycaemia needs
further detailed diagnostics and observation.
While discussing heteroanamnesis, atten-
tion has to be paid to any family history of
metabolic or endocrine disturbances or other
chronic diseases, maternal health status be-
fore and during pregnancy, the course of de-
livery and the neonatal condition (2, 7, 36).

Table 1. The indications for routine monitoring

of blood glucose for prevention of neonatal
hypoglycaemia.

Maternal conditions
Diabetes (type I, type II, gestational)
Preeclampsia, eclampsia, hypertension
Previous macrosomic infants
Forbidden substance abuse

Treatment with beta-antagonists, tocolytics, oral
hypoglycaemic agents

Peripartal administration of intravenous glucose or
insulin

Neonatal conditions
Premature or post term neonate
Small or large for gestational age neonate
Perinatal asphyxia
Sepsis
Hypothermia
Polycythemia-hyperviscosity
Erythroblastosis foetalis
Tatrogenic administration of insulin
Congenital heart defect
Persistent hyperinsulinemia

Endocrine disorders and inborn errors of metabolism




Clinical picture

Neonates with hypoglycaemia often have no
signs of metabolic disruption or may have
non-specific signs. Autonomic nervous sys-
tem activation and adrenaline cause neuro-
genic-autonomic signs: most often tremor
but rarely other signs (pallor, cyanosis,
tachycardia, tachypnea, diaphoresis, vomit-
ing, apnoea and cardiac arrest). Neurologi-
cal clinical signs, such as muscle hypotonia,
and infrequently poor feeding, abnormal cry,
hypothermia, lethargy, coma, irritability and
seizures, occur as a result of neuroglycopenia
(4,6,7,9,12).

During examinations of newborns we are
specifically alert to the signs of hypoglycae-
mia enumerated, signs of sepsis, shock, birth
measurements, organomegaly, jaundice, and
neurological status, as well as certain dysmor-
phic features which could lead us to the aeti-

ology of hypoglycaemia (Table 2) (2, 7, 36).

Investigations

On the basis of any known maternal and neona-
tal conditions, as well as a clinical examination
of the neonate, screening for hypoglycaemia
should be done in selected neonatal population
at predetermined times, as well as in neonates
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with clinical signs of hypoglycaemia at the time
of observation (Table 3) (6, 7, 11, 36, 37).

The method used for detection of low BG
must be quick, accurate and reliable. Measure-
ment is usually initially done using bedside glu-
cose reagent strips from capillary blood. Since
this device was primarily created for checking
elevated BG in diabetic patients, it is not ac-
curate enough in a range of low BG. Although
more precise glucometers are being invented
(24), in the case of a low BG, a blood sample
should be sent to the laboratory for confir-
mation using a more precise method (6, 16).
A blood sample of capillary or venous blood
should be checked within a reasonable time
in order to prevent erythrocyte glycolysis and
a false low BG reading (7, 22). The treatment
should be initiated on the basis of the bedside
test without waiting for laboratory results (6).

In cases of early transient hypoglycaemia,
we determine plasma glucose, complete blood
count with white blood cell differential and
C-reactive protein. In persistent or clinically
evident hypoglycaemia, samples of blood and
urine should be taken to diagnose the etio-
logical factor causing it (Table 4). A so-called
“critical sample” of blood has to be taken dur-
ing an episode of hypoglycaemia (7, 36, 38).
Combining the results helps in determination
of the cause of hypoglycaemia (Fig. 1).

Table 2. The type of hypoglycaemia, clinical features and aetiology of neonatal hypoglycaemia.

Type of hypoglycaemia  Clinical feature

Actiology

Inappropriate foetal growth

Small or large for gestational age neonate

Plethora Polycythemia-hyperviscosity
Transient hypoglycaemia Hepatosplenomegaly Sepsis, e.rythroblastc.)sis foetalisj exchange
transfusion, congenital heart disease
Abnormal neurological signs Perinatal asphyxia
Hepatosplenomegaly Glycogenosis
Hepatomegaly, enlarged tongue, BWS

omphalocoelae, ear creases
Prolonged p >

hypoglycaemia

Jaundice, poor weight gain, lethargy

Hypothyroidism, adrenal insufficiency

Jaundice, micropenis, ocular nerve hypoplasia

Panhypopituitarism, septo-optic dysplasia

Lethargy, coma, vomiting, peculiar odour

Hyperammoniaemia, lactacidosis, urea cycle diseases

BWS=Beckwith-Wiedemann syndrome.
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Table 3. Screening for hypoglycaemia according to known maternal and neonatal conditions.

Maternal and neonatal conditions Glucose sampling timing
SGA Pre second feed, continue until two consecutive measures >2.6 mmol/L. Then 2
Infant of diabetic mother hours and 6-12 hourly until levels readily above 2.5 mmol/L, then daily when on

Maternal labetalol or tolbutamide therapy  total parenteral nutrition and at other times when clinically indicated.
Preterm or sick term neonate

Perinatal asphyxia On admission; 2, 6, 12, 24 hours or regularly during serious illness.
Haemolytic disease of the newborn 1, 2 and 4 hours after exchange transfusion.
Fitting or excessive jittering Immediately.

SGA=Small for gestational age.

Table 4.Blood sample (“critical sample”) to be taken during hypoglycaemia to determine the aetiology.

Blood sample Urine sample
Hormones Metabolites Other Metabolites
Insulin Glucose pH Ketones
Cortisol Free fatty acids Galactose-1-phosphate Reducing
Growth hormone Beta-OH butyrate Uridyl transferase substances
Adrenocorticotropic hormone Lactate Organic acids
Thyroid stimulating hormone Amino acids Amino acids
Thyroxin Pyruvate
C-peptide Acetoacetate
Glucagon Urate

Lipids

Total and free carnitine
Acyl carnitine profile
Ammonia

HYPOGLYCAEMIA

v v

INSULIN 1 INSULIN |

|
v v Y

C-PEPTIDE KETONES | KETONES 1
fatty acids 1 uring non- (_iIl]T »
: I-carniti 1 1 cortisol a cortisol and abnormal urine lactate 1
detectable [ undetectable proileamom| | substances ACTH | ACTIH 1 preygry P |
present TSH and (T4 |
galactosemia
hereditary
d disorders of fatty| fructose adrenal organic inbom emors
hyperinsulini hyperinsuli acids oxidation intol hypopituitarism insufliciency idemi of boli
tyrosinemia
type 1

Fig. 1. The diagnostic algorithm of hypoglycaemia for the interpretation of the laboratory results.

GH=growth hormone; ACTH=adrenocorticotropic hormone; TSH=thyroid stimulating hormone; fT4=free
thyroxin.




Furthermore, additional focused inves-
tigations are warranted. Congenital central
nervous system malformations may be diag-
nosed using ultrasound (US) and magnetic
resonance imaging (MRI) of the brain (29,
39-41). Adrenal haemorrhage, pancreas hy-
pertrophy and hepatomegaly may be visu-
alized by US or MRI of the abdomen (42).
Ophthalmological examination poses suspi-
cion of septo-optic dysplasia (43).

Management

The main goal of treatment of neonatal hy-
poglycaemia is to correct the BG concentra-
tion in order to prevent the development of
clinical signs, and to minimize the occurrence
of long-term neurologic sequelae. Some gen-
eral clinical practices may contribute to pre-
vention of the event of hypoglycaemia in a
healthy neonate. The emphasis should be laid
on encouragement of early breastfeeding
within the first hour of life and then regular
breastfeeding or complementary feeds every
3 hours. The maintenance of a thermoneutral
environment also helps to prevent hypother-
mia. In the presence of hypoglycaemia, ap-
propriate management should be started ac-
cording to the clinical signs, the BG concen-
tration and other co-existing conditions (Fig.
2). The BG concentration should be checked
20 minutes after the initiation of treatment

(2, 5-8, 24, 33, 306, 44, 45).
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Sometimes hypoglycaemia persists despite
parenteral glucose treatment, therefore addi-
tional medication should be administrated
(Table 5). Glucagon is a short-acting agent,
hence boluses have to be repeated or con-
tinuous infusion should be initiated (2, 46).
Therapy with glucocorticoids is time limited
to 1 or 2 days because of their many side ef-
fects, except in adrenal insufficiency, where
long-term supplemental therapy is needed
(2, 24, 45). In persistent hyperinsulinemic
hypoglycaemia the first choice treatment is
diazoxide, but if there is no response to it,
octreotide may be used (44). In rare cases
partial or total pancreatectomy is needed (2,
33, 45).

After maintaining BG within the normo-
glycaemic range with therapy, the goal should
be to gradually stop glucose supplementa-
tion and other medications, and to maintain
normal BG concentrations with regular oral
feeding. BG must be checked before meals
(6,7, 24).

Outcome

Short-term mild transient hypoglycaemia,
without clinical signs, usually shows no
neurodevelopmental sequelae. Persistent or
recurrent hypoglycaemia with a developed
clinical picture, especially if manifesting as
seizures, might be associated with abnormal
neurodevelopmental outcomes (8, 17, 47-

Table 5. Additional medications for persistent hypoglycaemia.

‘Therapy Effect

Dosage

Stimulates glicogenolysis
Glucagon

concentrations are normal

Releases glycogen from hepatic stores when insulin

20 do 30 mcg/kg i.m., s.c., i.v.
1 mg/24 hrs (10-20 mg/kg/hr) inf.

Corticosteroids .
Enhance gluconeogensis

Decrease peripheral glucose utilization

Hydrocortisone i.v., p.o.
2-6 mg/kg/day in 2-3 daily doses

Diazoxid As potassium channel activator on beta pancreatic cells inhibits 15 mg/kg/day
iazoxide b .
insulin excretion
Octreotid As a somatostatin analogue inhibits glucagon, somatostatin and 5-10 mcg/kg every 6-8 hr
ctreotide S
insulin release
Pancreatectomy Decreases insulin production and secretion
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CLINICAL SIGNS
ABSENT

BG 1,5-2,5 mmol/L *

4

CLINICAL SIGNS
PRESENT

OR COMPLEMENT EVERY 3

and prior to each feed

REGULAR BREAST FEEDS

screen BG 20 min afier first feed

HRS

< 1,4 mmol/L *
BG 1,5-2,5 mmol/L *

BG

4

BG < 2,6 mmol/L *

EVERY 2-2,5 HRS

carbohydrate source)

MORE FREQUENT MEALS

DIETARY SUPPLEMENTS
(oral glucose gel, concentrated

BG < 2,6 mmol/L *

Y

6-8 MG/KG/MIN §

refer to a neonatal resident

I.V. BOLUS OF 10% GLUCOSE
2 ML/KG IN 5 MIN *, followed by
»| .V INFUSION OF 10% GLUCOSE |

screen BG 20 min prior to therapy

Fig. 2. Management of neonatal hypoglycaemia.

*Levels are arbitrary.

tBolus application of glucose is not recommended in neonates without clinical signs
since fast changes in BG can cause more neuro-developmental deficits than hypoglycae-

mia in a clinically stable neonate (8).

A rate of i.v. infusion has to be adjusted to fluid demands. Moreover, glucose concentra-

tions can be raised if necessary, to a maximum

12.5% in a peripheral approach and to

maximum 25% in a central approach (2, 6, 7, 24, 45).

50). Due to the frequent other co-existing
pathological conditions in neonates, it is
hard to define which neurological deficits re-
sult from low BG concentrations (51). Brain

injury is unspecific and, especially in the case
of hypoglycaemia with clinical signs, can be
seen on MRI (40, 41, 52). It has not been

proven that neurologic sequelae could be pre-




vented with therapy, nevertheless aggressive
treatment is advised (6, 7, 36). All infants
with hypoglycaemia should be followed up
for neurodevelopmental sequelae (36).

Conclusion

Since low BG is physiological a few hours
after birth, the main goal is to recognise per-
sistent or recurrent hypoglycaemia in a neo-
nate and start treatment as soon as possible,
in order to prevent brain damage. Low BG
may also be a warning sign as part of more
complex disorders. Clinical and additional
laboratory findings can indicate the possible
aetiology of hypoglycaemia, enabling cause-
targeted management. When hypoglycaemia
is controlled and normoglycaemia is achieved
with regular meals or appropriate therapy, the
neonate may be discharged home. Follow-up
of neonates who have had persistent or recur-
rent hypoglycaemia is warranted to watch for
changed metabolic and endocrine pathways.
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