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Abstract

Neonatal hypoglycemia (NH) is one of the most common abnormalities encountered in the newborn.
Maintaining glucose homeostasis is one of the important physiological events during fetal-to-neo-
natal transition. Transient low blood glucose concentrations are frequently encountered in the majo-
rity of healthy newborns and are the reflections of normal metabolic adaptation processes. Never-
theless, there is a great concern that prolonged or recurrent low blood glucose levels may result in
long-term neurological and developmental consequences.

Strikingly, it was demonstrated that the incidence and timing of low glucose concentrations in the
groups most at risk for asymptomatic neonatal hypoglycemia, did not find association between repe-
titive low glucose concentrations and poor neurodevelopmental outcomes. On the contrary, NH due
to hyperinsulinism is strongly associated with brain injury.

Fundamental issue of great professional controversy is concerning the best manner to manage
asymptomatic newborns NH. Both, overtreating NH and undertreating NH are poles with significant
potential disadvantages.

Therefore, NH is one of the most important issues in the day-to-day practice. This article appraises
the critical questions of definition (widely accepted blood glucose concentration: < 2.6 mmol/l or
47 mg/dl), follow-up ad management of NH.
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stimulate glucose production through glyco-
gennolysis and gluconeogenesis and limit peri-

Introduction
Glucose is a source of energy storage in

the form of glycogen, fat, and protein. Glucose
provides 38 mol of adenosine triphosphate
(ATP) per mol of glucose oxidized. Glucose is
the preferred substrate for the energetic needs
of the brain.

Cerebral transport of glucose is a carrier-
mediated facilitated diffusion process that is
dependent on blood glucose concentration and
is not regulated by insulin. The protection aga-
inst hypoglycemia is coordinated by the auto-
nomic nervous system and by hormones, which

pheral glucose utilization.

Definition

The acute clinical signs and long term
sequelae in neonates can occur within a wide
range of low plasma glucose values. The grea-
test importance in creation of permanent da-
mage are the duration and the severity of NH.
A specific blood glucose concentration to de-
fine NH for infants is a subject of great con-
troversy [1-9]. However, it is accepted that NH
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is defined by a plasma glucose level of less than
30 mg/dL (1.65 mmol/L) in the first 24 hours
of life and less than 45 mg/dL (2.5 mmol/L)
thereafter.

It is of note that having in view the po-
tential catastrophic sequelae many authors take
the values of blood glucose < 50 mg/dL in neo-
nates as a threshold that must be treated [10].
In other age groups HG has other values as cri-
terion: in infants a blood glucose value of less
than 40 mg/dL (2.2 mmol/L), in children < 50
mg/dL.

The normal fasting blood glucose values
are between 80-90 mg/dL (4.4-5 mmol/L).
There is a transient postprandial increase to
120-140 mg/dL (6.6-7.7 mmol/L) and a rapid
return to the preprandial level within 2 hours. It
is of note that in neonates the serum glucose
levels are declining in the first 1-3 hours of life
and then spontaneously increase.

Hypoxemia and ischemia in neonates
may increase the harmful effects of hypoglyce-
mia on brain damage. It is of note that, the
lower limit of blood glucose normality in new-
borns with hypoxemia and ischemia has not
been determined.

Frequency

HG is the most common metabolic prob-
lem in neonates. The estimated frequency is
dependent on the definition used, the popula-
tion investigated, the method and timing of
feeding (early versus later feeding), the type of
glucose assay [11], the compartment measured
(serum concentrations are higher than concen-
trations in the whole blood).

In USA, the incidence of symptomatic
hypoglycemia in newborns is estimated to 1.3—
3 per 1000 live births [10]. In Japan, in new-
borns born at 35-36 weeks gestation more than
80% of the admissions to the neonatal intensive
care unit after birth were due to apnea or HG
[12]. In a New Zealand PICU unit 50% of the
babies had NH [13].

Consequences

Sustained, repetitive hypoglycemia and
very low glucose levels in neonates may cause
neurologic damage, mental retardation, epilepsy,
and personality disorders [10, 14]. Even early
transient NH resulted in lower achievement of

fourth-grade literacy and mathematics achieve-
ment tests at age 10 years [15].

Severe hypoglycemia may also impair car-
diovascular function. HG in VLBW infants is
associated with higher neonatal mortality [16,
17]. Both the duration of hospital stay and neo-
natal mortality were increased in NH or hyper-
glycemia [18, 19]. Permanent brain damage is
found in 25-50% of patients with severe recur-
rent symptomatic hypoglycemia younger than
6 mo of age [10]. In addition, it was reported
that hypoxemia and ischemia may potentiate
the permanent brain damage caused by hypo-
glycemia [10].

The pathologic changes consequent to HG
are atrophic gyri, reduced myelination in cere-
bral white matter, and atrophy in the cerebral
cortex. There are no brain infarcts characte-
ristics of the hypoxia-ischemia processes [10].

Etiology

Hyperinsulinism, or persistent hyperinsu-
linemic hypoglycemia of infancy (PHHI), is
the most common cause of hypoglycemia in
the first 3 months of life. PHHI is very frequent
in infants of mothers with diabetes.

Limited glycogen stores (prematurity, in-
trauterine growth retardation), increased glu-
cose use (hyperthermia, polycythemia, sepsis,
growth hormone deficiency), decreased glycol-
genolysis, gluconeogenesis, or use of alternate
fuels (inborn errors of metabolism, adrenal in-
sufficiency) and depleted glycogen stores (asphy-
xia-perinatal stress, starvation) also cause neo-
natal hypoglycaemia.

Some rare inborn errors of metabolism
lead to neonatal hypoglycemia (20): carbohy-
drate metabolism disorders (> 1 : 10,000), fatty
acid oxidation disorders (1 : 10,000), hereditary
fructose intolerance (1 : 20,000 to 1 : 50,000),
glycogen storage diseases (1 : 25,000), galacto-
semia (1 : 40,000), organic acidemias (1 : 50,000),
phosphoenolpyruvate carboxykinase deficien-
cy, primary lactic acidosis.

HG in infants, children, and teenagers
can be caused by poisonings/drugs (ethanol,
isoniazid, insulin, propranolol, quinine, disopy-
ramide, salicylates, oral hypoglycemics, penta-
midine, Vacor [rat poison]), liver disease (he-
patoma, Reye syndrome, hepatitis, cirrhosis),
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amino acid and organic acid disorders (glutaric
aciduria, propionic acidemia, methylmalonic
acidemia, 3-hydroxy-3-methylglutaric aciduria,
maple syrup urine disease, tyrosinosis) and sys-
temic disease (cardiogenic shock, respiratory
distress syndrome, sepsis, burns). Beckwith-
Wiedemann syndrome can also have severe
HG [21].

Pathophysiology

The factors that predispose or cause NH
include changes in hormone secretion, changes
in _hormone receptors, changes in enzymatic
activities. In addition, in newborns there are
inadequate reserve of hepatic glycogen, inade-
quate muscle stores as a source of amino acids
for gluconeogenesis, inadequate lipid stores for
the release of fatty acids. Fetal glucose is
derived entirely from the mother through pla-
cental transfer.

After delivery, there is a three- to five-
fold increase in glucagon concentration within
minutes to hours, the fall of insulin concentra-
tions for several days, a strong surge in cate-
cholamine secretion and elevated growth hor-
mone levels as a response to the surge of ca-
theholamines. The net effect is the mobilization
of glucose via glycogenolysis and gluconeoge-
nesis, activation of lipolysis, and promotion of
ketogenesis. As consequence, liver glycogen
stores are rapidly depleted within hours, glu-
coneogenesis from alanine is intensified to
~10% of glucose turnover. It is of note that the
increase in the FFA and ketones spares the
utilization of glucose.

High risk neonates

Newborns who have a high-risk of hypo-
glycemia and need of hypoglycemia screening
in the first hour of life [22] are newborns who
weigh more than 4 kg or less than 2 kg, large
for gestational age (LGA) infants who are above
the 90th percentile, small for gestational age
(SGA), infants below the 10th percentile [23],
and infants with intrauterine growth restriction
[24-31]. In addition, high risk newborns are
children with gestational age less than 37
weeks, children with sepsis [32] or born to a
mother having chorioamnionitis or toxemia.
The prevalence of NH in neonates born 34

weeks vs 35 to 36 weeks vs term was 26% vs
16% vs 1% [33].

High risk newborns are also children
born to insulin-dependent mothers (1 : 1000
pregnant women) or mothers with gestational
diabetes (~2% of pregnant women) [34, 35].

Hyperinsulinemia

Hyperinsulinism is the most common
cause of persistent hypoglycemia in early in-
fancy. It is frequent in macrosomic newborns.
The lesser degree of hyperinsulinaemia results
in HG after the first few weeks to months.

The characteristics are the rapid develop-
ment of fasting hypoglycemia within 4-8 hr of
food deprivation, the absence of ketonemia or
acidosis, the need for high rates of exogenous
glucose, and elevated C-peptide or proinsulin
levels.

Plasma insulin concentrations in HG are
> 5-10 pU/mL. Some authors ask for more
stringent criteria of insulin > 2 pU/mL with hy-
poglycemia.

The insulin (pU/mL): glucose (mg/dL)
ratio is commonly > 0.4, and plasma insulin-like
growth factor binding protein-1 (IGFBP-1),
ketones, and FFA levels are low. The critical
sample has to be obtained: glucose, insulin,
ketones, and FFAs in the same sample at the
time of clinically manifested hypoglycemia.
Provocative tests with tolbutamide or leucine
are usually not necessary in infants. On the other
hand the rapid response to glucagon admini-
stration implies that the glucose mobilization
has been restrained by insulin and that glyco-
genolytic are intact.

Hyperinsulinaemia can be caused by dif-
fuse B-cell hyperplasia or focal B-cell microa-
denoma, treated with pancreatectomy and cura-
tive resection respectively.

Persistent hyperinsulinemic hypoglyce-
mia of infancy (PHHI) is a genetic disorder
caused by mutations in the regulation of the
potassium channel which is closely involved in
insulin secretion by the pancreatic 3 cell [10].

The ATP-sensitive potassium channel in
the cell membrane (Katp channel) has two sub-
units: the Kir 6.2 channel, and a regulatory
component known as the sulfonylurea receptor
(SUR).
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Inactivating mutations prevent the potas-
sium channel from opening allowing constant
inward flux of calcium and continuous insulin
secretion.

The genes for glucokinase and glutamate
dehydrogenase can also have inactivating mu-
tations which also close the potassium channel
and result in hyperinsulinism. A gain of func-
tion mutation of glutamate dehydrogenase
causes PHHI with mild hyperamoniaemia. In
fact there are three forms of the familial PHHI:
autosomal recessive forms, autosomal domi-
nant form and form with a mild hypearmonia-
emia [10].

The treatment with diazoxide in the auto-
somal recessive PHHI fails to control hypogly-
cemia, somatostatin is partially effective and
pancreatectomy is usually indicated.

The distinction between focal and diffuse
cases of persistent hyperinsulinism is complex.
CT and MRI are of little help, transhepatic
portal vein catheterization; selective pancreatic
venous samplings to measure insulin are needed
to localize a focal lesion. In addition, there is a
selective catheterization of the arterial branches
supplying the pancreas, followed by infusion of
a secretagogue such as calcium and a portal
vein sampling for insulin concentration. 18F-
labeled L-dopa combined with PET scanning
can be helpful. The most precise diagnosis is
the intraoperative histological characterization.

Clinical presentation

There are two parts of newborn symp-
toms of HG: the decreased availability of glu-
cose for the brain and the adrenergic stimula-
tion. The clinical signs vary from asymptoma-
tic HG to severe central nervous system (CNS)
and cardiopulmonary disturbances. Alterations
in the levels of consciousness, unresponsive-
ness, lethargy, hypotonia, poor feeding, jitteri-
ness, tremulousness, irritability, stupor, seizu-
res, vomiting — all are part of the neonatal HG.
In addition, congestive heart failure, cyanosis,
apnea, a high-pitched cry and hypothermia may
be present. It is of note that the autonomic ner-
vous system manifestations include pallor, dia-
phoresis, tachycardia, hunger, anxiety, nausea,
and vomiting.

As many neonates have additional meta-
bolic or clinical conditions (hypoxia-ischemia,

infections...) the signs of HG are becoming
even more variable. It has to be stressed that
hypoxia, perinatal distress, 5-minute Apgar sco-
res of less than 5 are to be considered as causes
of HG.

In contrast to the neonates, older children
manifest mental confusion, behavioral changes,
headache, amnesia, decreased visual acuity,
diplopia, dysarthria, aphasia, ataxia, difficulty
concentrating, somnolence, seizures, hemiple-
gia, paresthesias, dizziness, and coma.

The profound or long lasting HG signs
and are not easily or rapidly reversed with
glucose replacement treatment.

High Risk Newborns

There is a long list of high risk newborns.
High risk newborns are children with gestatio-
nal age less than 37 weeks, newborns who weigh
more than 4 kg or less than 2 kg, large for gesta-
tional age (LGA) infants, small for gestational
age (SGA) [23], and infants with intrauterine
growth restriction. In addition high risk neona-
tes are newborns with sepsis or born to a mo-
ther having chorioamnionitis, toxemic mothers,
children born to insulin-dependent diabetic
mothers or mothers with gestational diabetes.

The assessment of the high risk newborns
can be facilitated with the use of specially
designed scores. CRIB (clinical risk index for
babies) [37] and SNAPPE (score for neonatal
acute physiology—perinatal extension) [38], e.g.
the newer revisions SNAPPE-II [39] are pro-
ven to be of assistance in determining the neo-
natal risk. The scores calculate the risk by
considering several specifics: BW, SGA, Apgar
at five minutes, lowest pH, urine output, lowest
mean blood pressure, lowest temperature, worst
Pao./Fioz ratio, occurrence of seizures. The
CRIB-II [40] is easier to use for the hospital
praxis as it uses five parameters: sex, BW, GA,
worst base excess, temperature at admission.

Differential Diagnoses

The list of causes of neonatal HG is par-
ticularly long. Endocrine causes include growth
hormone deficiency, adrenal insufficiency and
hypothyroidism. Munchausen syndrome and
Reye syndrome should also be considered.

Hepatomegaly can suggest glycogen-
storage disease, Beckwith-Wiedemann syndro-
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me should be considered if gigantism, macro-
glossia or hemihypertrophy are observed [21].
The mothers’ history of treatment with terbu-
taline, oral hypoglycemic agents or beta blo-
ckers indicates a need for close monitoring of
the child.

Diagnosis

In the diagnosis of neonatal HG one
should take into account that the whole blood
measurements of glucose underestimate the
plasma glucose concentration by 10-15%. On
the contrary, arterial and capillary samples
overestimate the plasma glucose concentration
by 10%. In the diagnosis of hypoerinsulinemic
HG it is of note that normally plasma insulin
concentration are between 5-10 pU/mL, when
glucose is less than 40 mg/dL. It is important to
get the first voided urine dipstick for ketones,
as no ketones in HG means that fat is not
metabolized from adipose tissue which indica-
tes hyperinsulinism or that fat cannot be used
for ketone body formation which indicates en-
zymatic defects in fatty acid oxidation.

Aminoacidemias, organic acidurias, urea
cycle disorders and fatty acid oxidation
disorders [41] should be sought for as causes of
neonatal HG. It is of note that an extra tube of
serum or plasma should be kept for eventual
additional analysis.

Sampling intervals are of particular im-
portance: initially every hour, until the glucose
concentrations are stabilized, than every 4 h
(the maximum sampling interval) [6, 42]. The
sampling must be adjusted to the clinical
presentation of the HG, and sampling every 30
minutes is sometimes necessary.

Treatment

In neonates glucose concentrations dec-
rease in the first hour or two after birth, reach a
nadir after about two hours, and then start to
increase to stable concentrations. As precise
timing and intervals for glucose concentration
measurements have not been firmly establi-
shed, high risk newborns need to be monitored
early and frequently, until they maintain normal
before-feeding glucose concentrations through
several fast-feed cycles [6]. In addition, there is
a long standing debate about the specific con-
centration of plasma glucose associated with

cerebral injury. The debate resulted in no spe-
cific glucose concentration found as a cause for
permanent cerebral injury. Therefore, the most
important clinical approach is the early identi-
fication of newborns at risk. For all newborns,
early feeding with breast milk or formula is of
great importance. Asymptomatic hypoglycemia
requires no treatment but feeding and obser-
vation [43]. In neonates with proven HG the
goal is to promptly reverse, normalize and
maintain the desired glucose concentrations
[44]. Most authors recommend the goal to
maintain a blood glucose level of at least 45
mg/dL (2.5 mmol/L) [10] in order to prevent
brain damage. It is of note that the sympto-
matic HG is to be treated by the "minibolus”
approach: 200 mg/kg or 2 mL of D10W (10%
dextrose in water) IV over 5 minutes. The
minibolus is than followed by a constant infu-
sion of dextrose at 6-8 mg/min/kg [45]. Alter-
natively, a constant infusion of at least 6-8
mg/min/kg glucose has been proven to norma-
lize glucose concentrations 5-10 minutes later
than those produced by the minibolus. The
treatment might take 2-4 weeks. Recurrent
hypoglycemia has the goal to achieve blood
glucose concentrations > 2.0 but <4.5 mmol/L
(> 45 but < 80 mg/dL). Two further considera-
tions are: hyperglycemia is to be avoided — it
causes rapid insulin release and rebound hypo-
glycaemia and, rapid IV boluses of hypertonic
dextrose can cause osmotic injuries.

In newborns all other supportive measu-
res have to be applied: an intravenous (1V) line,
monitoring oxygen, anticonvulsants, and treat-
ment of acidosis (pH < 7.1).

Persistent hypoglycemia is always requi-
ring additional investigations. There are two
conditions that should be recognized and trea-
ted: fatty acid oxidation disorders and hyperin-
sulinism. Those conditions are often refractory
to glucose replacement [46].

Diazoxide, analogs of somatostatine, glu-
cagon are used to treat persistent HG. Diazo-
xide is an inhibitor of pancreatic insulin re-
lease. The drug is effective and is effective in
PHHI, SGA children and in neonates with ma-
ternal toxemia or perinatal asphyxia. The so-
matostatin analog (octreotide) suppresses insu-
lin secretion. Cortisol is not used to treat neo-
natal HG, as it has a minimal acute benefit.
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Pesume

HEOHATAJIHA XUITIOTJIMKEMUJJA (HX):
KOHTHUHYHUPAHA JIEBATA 3A HEJ3UHO
JEOUHUPAIBLE U JIEKYBAIGE

Opxuaeja Cromuapocka-JlamueBcku’’,
Eausatera IerkoBekal, CHeskana JaHdeBckal,
Jparan JIanuI0BCKH?

! Kimnuka 3a TMBEKOJIOTHja U aKyLIEPCTBO,
Menunuacku pakynret, Ckonje, P. Makenonuja
2 VIHCTHTYT 3a €NUIEMHOJIOTH]a M CTAaTHCTHKA,
Menummackn dakynret, Cromje, P. Makenonuja

HX e emna ox HajuectuTe OMOXEMHUCKH aHO-
Mallii Kaj HOBOpOAeHOTO zere. OapkyBame Ha
XOMeOoCTa3ara Ha MIEKepOT € eIHAa O/ HajBaKHHUTE
(bM3HOJIONIKYM CUTYallMu BO TpaH3uldjaTa of Qera-
JIeH BO HEOHATalleH NepHoA. TpaH3UTOpPHA XUIIO-
TJINKeMHja 4ecTO Ce cpekaBa Kaj 37paBU HOBOPO-
JIeHH KaKo 3HaK Ha ajanThBeH nporec. Tpeba na ce
Harjacu JieKa NpOJOHTHpaHa W/WIM MOBTOpYBadkKa
XTI" Moxe /1a pe3yiTupa BO TPajHU HEBPOJIOUIKU H
Pa3BOjHU OLITETyBama. VHTEpecHO € JeKa HEKOH
CTYAMHU HE Haj[10a IIOBP3aHOCT IIOMEry BPEMETO Ha
HacTaHyBamke W HUBOTO Ha X[ Kaj HOBOpOJEHUTE
CO PHU3MK M TOAOLHEKHH HEBPOPA3BOjHH HAPYILIY-
Bawa. On npyra crpana, XI' mopaau XUIEpHHCY-
JIMHU3aM € IOBP3aHa CO OLITETYBamba Ha MO30KOT.

Kako Haj1o0po na ce meHayupa XI© kaj acumii-
TOMAaTCKH HOBOPOJICHU € (yHJaMEHTAJHO Tparia-
BE 32 KO€ IOCTOHM TojJieMa CTPy4Ha KOTPOBEp3Hja.
W npeMHOry u npemMasnky TpeTHpame UMaaT HEIo-
BOJTHU cTpaHnyHH epexTr. 3aToa XI e eneH ox Haj-
BROKHUTE KAaTaJHEBHH MPOOJIIEMH BO CEKOjIHEBHATA
HEOHaToJIoIKa npakTuka. OBOj TPy I'M IUCKyTHpa
KPUTHYHHTE Tpaliama Ha AeQUHUINja Ha XUTIOTIIN-
kemuja (mmpoko npudarena < 2.6 MMon/n i 47
MT/ 1), ceqiehe U JieKyBame Ha HX.

KayuHu 300poBH: XUNOTTHKeMHja, TeQUHUII]jA, JTEKY-
Bam€, HOBOPOJICHU
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