
Mehta

lines the evidence for a ketogenic response by
term infants to blood glucose concentrations as
low as <2-0 mmol/l. Therefore, it is not possible
to claim that counter-regulation has failed if
only blood glucose concentrations are meas-
ured. We feel that the presence of symptoms or
the features of an underlying disorder are more
important determinants of treatment than the
blood glucose concentration alone, and would
suggest that treating all asymptomatic term
infants with blood glucose concentrations tran-
siently below 2-0 mmol/l with intravenous
glucose is over aggressive management.

If clinicians are not comfortable with blood
glucose concentrations as low as this, we
suggest that the first line of treatment should
be to increase enteral feed volumes and
frequency with formula supplementation of
breast feeds, and check postprandial increases
in blood glucose concentration, rather than to
separate mother and baby and commence
invasive management. In fact, we do not agree
that enteral feeds should be withheld from
hypoglycaemic infants who have previously
tolerated milk feeds, as there is no scientific
support for Dr Mehta's speculation in section c
(1) (iii) and he has not examined the effect of
withholding enteral feeds on ketone body pro-
duction. Rather, milk contains more energy/ml
than 10% dextrose and its high fat content will
provide substrate for ketogenesis. In addition,
there is published evidence that enteral feeding

may stimulate glucagon release and ketone
body production.4 5
We agree that adequate intakes of intra-

venous glucose or enteral milk prevent hypo-
glycaemia in most preterm infants, but point
out that there is a high prevalence of hypogly-
caemia in preterm infants who are fluid
restricted.5

In summary, we feel that it is inappropriate
and potentially confusing to base the
management of neonatal hypoglycaemia on
hypotheses which are not fully scientifically
tested. However, it should be noted that there
is agreement between the two papers on the
identification of groups at risk of failure of
metabolic adaptation.
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Few topics in clinical paediatrics cause more
confusion than the management of neonatal
hypoglycaemia. Although it has been acknowl-
edged as a clinical problem for many decades, '
its diagnosis and management continue to be
controversial issues, with disagreement even
between staff on the same nursery.2-4 This
review presents our conspectus of the clinical
situations in which hypoglycaemia most
commonly occurs and the management of the
condition. Rare disorders, such as inborn
errors of metabolism and complex hormone
deficiencies, which may present with hypo-
glycaemia are not discussed.

Neonatal hypoglycaemia most commonly
occurs when the normal processes of metabolic
adaptation after birth fail to occur. These
processes enable the healthy infant to meet two
major metabolic challenges. First, the need to
maintain an adequate circulating concentra-
tions of glucose or alternative fuels to supply
the body's organs, especially the brain, and
second, the need to adapt to a new form of
nutrition, namely intermittent feeding with

milk. As the blood glucose concentration falls
after the cutting of the umbilical cord and
until milk feeding is established, the baby is
entirely dependent upon its own resources to
maintain fuel supply. Glycogenolysis is initi-
ated as the initial counter-regulatory process.
Once the glycogen stores are exhausted,
however, substrates must be mobilised from
body protein and fat stores so that gluco-
neogenesis can occur. These processes are
induced by the counter-regulatory hormones
(glucagon, catecholamines, growth hormone,
and cortisol).

Although much is known of the basic
biochemical processes which underlie these
phenomena,5 6 clinical controversy exists sur-
rounding the criteria for diagnosis of hypogly-
caemia in the neonatal period, suitable
monitoring policies, and the practical implica-
tions for management. This discussion first
relates to the diagnosis of hypoglycaemia in
general neonatal practice, then deals with
monitoring and clinical management in
specific circumstances.
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Diagnosis ofneonatal hypoglycaemia
Immediate emphasis must be placed on the
importance of accurate diagnostic methods.
Several authors have shown that reagent strips
are too inaccurate for the diagnosis of neonatal
hypoglycaemia.' 2 7 We believe that, wherever
possible, accurate laboratory blood glucose
measurements should be made for neonatal
blood glucose monitoring and the diagnosis of
hypoglycaemia. The introduction of a bench
top blood glucose electrode (YSI 2300 Stat
Plus, YSI Ltd) in our neonatal nursery has
markedly facilitated blood glucose monitoring
without adding an excessive technical work-
load, in a way analogous to the instantaneous,
accurate analysis of blood gas concentrations
in the nursery sideroom.

In the discussion of the diagnosis of hypo-
glycaemia, it is essential to consider which
numerical value represents hypoglycaemia,
and in order to do this the significance of low
blood glucose concentrations must be under-
stood. These are two important questions
which are difficult to answer in the face of
current knowledge. Of particular importance is
the recognition that previous definitions of
hypoglycaemia were based on statistical
analysis of blood glucose concentrations in the
first few days after birth, with values that were
almost certainly dependent on the manage-
ment policies of the day.' 8 9 Improved obstet-
ric management and the early introduction of
milk feeding have created a very different
pattern of metabolic adaptation to that seen 30
years ago.°0

In adults, a counter-regulatory hormonal
and metabolic response occurs and symptoms
of neuroglycopenia are evident at blood
glucose concentrations of 4 0 and 2-7 mmolI
respectively. "I In a small number of term
infants, neurological dysfunction was demon-
strated when blood glucose concentrations fell
below 2 6 mmolIl, whether or not the infant
had symptoms, and, moreover, resolution
of normoglycaemia did not restore normal
neurological function immediately.'2 Of more
concern is the finding in a retrospective study
that the neurological outcome of preterm
infants was adversely affected if the babies had
experienced blood glucose concentrations
below 2-6 mmolll on five or more days during
the neonatal period.'3 From these data, it is
tempting to propose that a blood glucose con-
centration below 2-6 mmol/l should be taken
as the lowest which is acceptable in all
neonates. However, we have challenged this
view, suggesting that hypoglycaemia is a con-
tinuum, its biological effects varying according
to the availability of alternative fuels, such as
ketone bodies, for brain metabolism, and
according to the presence of other compound-
ing clinical problems such as birth asphyxia,
polycythaemia, hypocalcaemia, and hypercar-
bia. 10 13
These dilemmas may be resolved only by a

major research study in which glucose and
other fuel concentrations are measured con-
currently with direct measurements of brain
function in different groups of newborn
infants, and these data then related to long

term neurological outcome. Such a study
would allow the formulation of precise
guidelines for monitoring and intervention
in each category of term and preterm
infants. However, until such a study has been
performed, we must consider a pragmatic
approach to the management of hypogly-
caemia, and this is based upon our findings
regarding circulating fuel concentrations in
infants managed according to current policies
in our nurseries.

Metabolic adaptation in healthy,
appropriate birth weight for gestational
age (AGA) infants
Early and recent work has demonstrated that
after the abrupt cessation of placental nutrition
at birth, transient hypoglycaemia is almost
universal in all newborn mammals. However in
human infants, even if enteral feeds are with-
held, this phenomenon is self limiting
and blood glucose concentrations rise.9 10 14
Therefore, this early self limiting period of
hypoglycaemia cannot be considered to be
pathological, and there is little practical value
in measuring the blood glucose concentrations
of asymptomatic babies in the first two post-
natal hours. After this period, blood glucose
concentrations below 2-6 mmol/l may recur in
many healthy babies, particularly those who
are demand fed, with long between feed inter-
vals, and those who are breast fed.'0 However,
a marked ketogenic response to low blood
glucose concentrations has been demonstrated
in these infants, and evidence from animal
studies suggests that this response is protective
of neurological function as ketone bodies are
important glucose sparing cerebral fuels.'0 15-18
Therefore, we consider the monitoring of
blood glucose concentrations in healthy,
appropriately grown neonates to be unneces-
sary, and potentially harmful to parental well-
being and the successful establishment of
breast feeding.'9 20

Metabolic adaptation in preterm infants
(<36 weeks' gestation)
Like term babies, preterm babies will experi-
ence a rapid fall in blood glucose concentration
after delivery, but, unlike term infants they are
less able to mount the counter-regulatory
response whereby gluconeogenesis and keto-
genesis occur.10 21 In addition, preterm infants
<32 weeks' gestation are at increased risk of
other neurological insults, such as cerebral
ischaemia. Therefore, clinical attention to
blood glucose concentrations may be regarded
as being more important when dealing with
preterm babies, and, in the light of the findings
of Lucas et al,'3 we propose that concentra-
tions <2 6 mmolI should be avoided. This
view is contrary to older beliefs that small
babies can be expected to tolerate lower blood
glucose concentrations than large ones.'

However, current management policies of
early provision of enteral and/or intravenous
fluids, usually ensure that this early hypo-
glycaemia is rapidly corrected, and, provided
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the exogenous supply of energy is sufficient,
hypoglycaemia will not subsequently recur.10
This supply of energy should be instituted
immediately after birth and the initial prescrip-
tion of enteral or intravenous fluids should
not be influenced by an immediate postnatal
blood glucose concentration. Therefore, the
measurement of blood glucose concentration
immediately after birth adds little clinical
information and should not affect manage-
ment. It is much more rational and of greater
importance to ensure that the prescribed
energy supply is adequate by accurately
measuring the blood glucose concentration
1-2 hours after intravenous or enteral feeding
has been commenced, so that necessary adjust-
ments can be made.

In our experience, neonatal hypoglycaemia
can be prevented in preterm babies by the pro-
vision of enteral and/or intravenous feeds (as
formula milk and 10% dextrose respectively) at
rates of at least 100 ml/kg/day.'0 However,
some sick infants will not tolerate these
volumes and, as described previously, blood
glucose monitoring should confirm that their
rates of glucose supply are adequate. If blood
glucose concentrations are low (<2.6 mmolI),
this suggests that glucose demand exceeds
supply. Therefore, glucose infusion rates
should be increased, either by increasing the
concentration of the glucose solution or by
increasing the intravenous fluid infusion rate.
Neonatal blood glucose concentrations corre-
late closely with glucose infusion rates.22 If
there are symptoms of hypoglycaemia (fits or
reduced level of consciousness) a small bolus
dose of 10% intravenous glucose (3 ml/kg)
may be given, but should always be followed
immediately by a glucose infusion at an ade-
quate rate to meet the baby's ongoing glucose
requirement (at least 5 mg glucose/kg/min).
Bolus injections of large volumes of hypertonic
glucose solutions should be avoided because
they cause a rapid rise in blood glucose con-
centrations, which may be harmful to neuro-
logical function and may be followed by
rebound hypoglycaemia. In older children
such treatment has been shown to cause
cerebral oedema or even death.23 In addition
clinical experience suggests that such high
glucose concentrations are caustic to fragile
neonatal veins.
Once adequate blood glucose concentra-

tions are achieved, it is not necessary to
measure blood glucose concentrations
repeatedly in a clinically stable baby unless
there is a reduction in exogenous energy
supply. As there is a risk of 'rebound hypogly-
caemia', reductions of intravenous glucose
infusion rates should be gradual and 'tissued'
drips should be resited promptly. Clearly, any
change in clinical condition or reduction in
fluid or nutrient intake should be followed by
blood glucose measurement to ensure such
changes have not resulted in hypoglycaemia.

Finally, attention should be drawn to the
importance of enteral milk feeding. Milk
formulas provide more energy/ml than 10%
dextrose, and supply important non-glucose
fuels, which have a glucose sparing role in

neurological function. There is evidence that
enteral milk feeding enhances the vital
processes of metabolic adaptation by promot-
ing ketogenesis and gut maturation.10 24
In immature babies who may have reduced
milk absorption secondary to delayed gastric
emptying and reduced gut motility, the
adequacy of exclusive enteral feeding to main-
tain normoglycaemia should be confirmed by
accurate blood glucose measurement until
these measurements are stable. Both prefeed
and postprandial values should be considered,
as there is a feed related cyclical variation in
blood glucose concentrations.'5

Metabolic adaptation in small for
gestational age (SGA) infants
We propose that the SGA infants of most con-
cern are those whose birth weight falls below
the third centile or those who have clinically
obvious wasting of adipose tissue and muscle
(regardless of their birthweight centile), but
with preservation of head growth. For the
latter group of babies, measurement of the
mid-arm circumference: head circumference
ratio has been shown to be useful in predict-
ing those who are at risk for metabolic
problems.25-27
SGA infants are at risk of the adverse effects

of hypoglycaemia by virtue of impaired gluco-
neogenesis and ketogenesis, both immediately
after birth and in response to persistent
hypoglycaemia.27-30 As the patterns of meta-
bolic adaptation and nutritional requirements
of preterm SGA infants are similar to those
of preterm AGA infants, this section will
focus on the management of the term SGA
neonate.
SGA infants are at risk of adverse neuro-

logical sequelae of neonatal hypoglycaemia for
a number of reasons: chronic hypoglycaemia,
acidosis and hypoxia may have occurred in
utero3l 32; perinatal asphyxia is more com-
mon33; there is an inability to mount a keto-
genic response to hypoglycaemia, so that there
is no provision of alternative fuels for brain
metabolism27; and enteral feed tolerance may
be poor, with an increased risk of necrotising
enterocolitis.33 Therefore, accurate blood
glucose monitoring should be performed in
this group of infants. Both prefeed and post-
prandial values should be considered, as there
is a feed related cyclical variation in blood
glucose concentrations.'5
As with preterm infants, it is important

to ensure the early provision of exogenous
calories, to curtail the early postnatal hypogly-
caemic period, and to prevent subsequent
hypoglycaemia. It is our experience that this
can usually be achieved by regular, formula
milk feeds every three hours at volumes of at
least 120 ml/kg/day. As breast milk appears to
be more ketogenic than formula milk,'0 it is
important that breast feeding is encouraged
when this is the mother's wish, by allowing the
baby to suckle at each feed time, and then by
supplementing the breast feed with formula
milk, by gavage if necessary. It should be noted
that the energy content of formula milk is
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approximately 2750 kJ/l, while that of 10%
dextrose is 1600 kJ/l. If necessary high energy
milk formulas may be used, for example those
designed for preterm infants, or energy sup-
plements (for example, Duocal, Scientific
Hospital Supplies) may be added to enteral
milk feeds. By these means, it should be
possible to meet the energy needs of most full
term SGA babies with enteral milk feeds with-
out recourse to intravenous glucose.
When babies cannot tolerate these enteral

feed volumes, or if the above regimen fails to
prevent hypoglycaemia (blood glucose concen-
tration <2-6 mmol/1), an intravenous glucose
infusion may be required. Hypoglycaemia is
usually rapidly reversed by intravenous glucose
infusion, at a rate of 5 mg/kg/min (= 72
mi/kg/day of 10% dextrose) without a bolus
glucose injection.34 This rate can then be
adjusted, up or down, depending on blood
glucose concentrations. Because of the benefi-
cial effects of enteral feeding, milk feeds must
not be discontinued or reduced when intra-
venous fluids are given (unless, of course, the
infant is developing necrotising enterocolitis).
Our practice is to feed the baby with as much
milk as is tolerated, and to infuse glucose at a
rate sufficient to prevent hypoglycaemia, so
that the fluid regimen is tailored to each baby.

Finally, there are some SGA infants who have
persistent hypoglycaemia or excessively high
glucose requirements. Glucose infusions may
be required for up to one week, and rapid
reductions or wide swings in glucose infusion
rates should be avoided. By maximising enteral
feed intakes and gradually reducing intravenous
infusion rates, almost all infants eventually
achieve the ability to control their own blood
glucose concentrations. Additional treatments,
such as intravenous glucagon, may be of value
and are discussed in detail elsewhere.3436

Infants with hyperinsulinism
This phenomenon is believed to be commonly
found in the infant of the poorly controlled
diabetic mother, but may occur in associa-
tion with rarer conditions, such as Beckwith-
Weidemann syndrome and islet cell dys-
regulation syndrome (nesidioblastosis) whose
management is reviewed elsewhere.37 In these
latter conditions, hypoglycaemia is common
but, despite plentiful adipose tissue stores, the
lipolytic and ketogenic responses are suppressed
by high circulating insulin concentrations.

Although many studies have outlined the
possible mechanisms of early hypoglycaemia in
the infant of the diabetic mother,38A0 there
have been no studies which have investi-
gated the occurrence ofhypoglycaemia, and, of
greater importance, the ketogenic response
beyond the immediate postnatal period, par-
ticularly in the context of improved maternal
diabetic control. However, it is our clinical
experience that neonatal hypoglycaemia is now
rare in insulin dependent mothers managed
according to current practices.

It should be pointed out that previous
diagnoses of 'neonatal hyperinsulinism' in
these insulin dependent mothers were made

with reference to insulin/glucose relationships
in older subjects. We have recently demon-
strated that even healthy, asymptomatic term
neonates have insulin/glucose relationships
which differ markedly from those of older
children and that, for neonates, plasma
insulin and blood glucose concentrations are
poorly related and baseline insulin secretion
appears to be high.4' Therefore, we suggest
that the diagnosis should only be made on
clinical grounds, that is a high glucose
requirement to maintain normoglycaemia,
together with biochemical evidence of an
absent lipolytic and ketogenic response to
hypoglycaemia, with reference to data from
healthy neonatal subjects. We suggest that,
using these criteria hyperinsulinism is now
rare in insulin dependent mothers and that
these babies could be treated as healthy term
babies, provided they are asymptomatic.
This is the hypothesis to be addressed in an
ongoing research study.

Infants with perinatal asphyxia
Like small for gestational age infants, these
babies may be at increased risk of hypogly-
caemia which may compound other severe
neurological insults. In addition, we have
found that under these circumstances there
is no ketogenic response to hypoglycaemia
(unpublished data), and some of these infants
have unusually high glucose requirements
(>12 mg/kg/min).42 The exogenous supply of
fuels to minimise cerebral dysfunction must be
ensured but often these infants are fluid
restricted and hypoglycaemia may occur.
Therefore, as with preterm and SGA babies,
accurate blood glucose measurement is
mandatory and the supply of exogenous
energy, as concentrated glucose solutions if
necessary, must be maintained. However, we
have found that these infants are also at risk of
hyperglycaemia which may be secondary to
increased stress hormone release (unpublished
data), and suggest that blood glucose monitor-
ing and carefully prescribed glucose infusion
rates should be utilised to prevent both
extremes of loss of glycaemic control. The
same general considerations apply to any
infant who has a severe systemic illness.

In summary, there are some groups of
neonates who are at risk, first, of an increased
incidence of hypoglycaemia and, second,
adverse neurological sequelae when hypogly-
caemia occurs. Even within these groups, each
infant will have a different level of risk, and
some of the protective mechanisms, such as
changes in cerebral blood flow or ketone body
production, cannot be easily quantified.
Therefore, at the present level of knowledge, we
recommend that for the following groups of
infants blood glucose concentrations should be
monitored, until they are stable within an opti-
mal range, that is blood glucose concentrations
below 2-6 mmoJIl and above 10 mmol/l should
be avoided: preterm babies, especially when
sick; SGA babies; infants with proved hyper-
insulinism; and infants with perinatal asphyxia
or with other systemic illnesses (figure). It is
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Intention to milk feed Intravenous fluids only

Enteral milk feeds Infuse glucose >5 mg/kg/min
>120 ml/kg/day (72 ml/kg/day 10% dextrose)

Unable to tolerate

full feed volume 4
Blood glucose <2 6 mmol/l Blood glucose <2 6 mmol/l

Abletotolerate-_ NoNo
more milk

Symptoms No symptoms

Yes 4

Increase glucose infused Glucagon
(volume +/- strength).

Increase milk Recheck blood glucose
volume and feed

frequency.
Recheck blood

glucose Bolus 10% dextrose (3 ml/kg)
+ infuse >5 mg/kg/min

Outline for prevention and management ofhypoglycaemiain at risk groups.

possible that further scientific investigation,
correlating circulating fuel availability with
neurological function and neurodevelopmental
outcome, will identify more accurately those
groups who are most at risk, so that more appro-

priate management policies can be applied.
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