(GLUCOSE METABOLISM

CASE STUDY 1

A 30-year-old primigravida after an uncomplicated
pregnancy is admitted in labor at 38 weeks' ges-
tation. The perinatal screening tests are negative
including a negative screen for group B Streptococ-
cus (GBS) at 36 weeks of gestation. Membranes
rupture occurred 2 hours prior to vaginal delivery.
Apgar scores were 8 and 9 at 1 and 5 minutes,
respectively. The male infant weighs 3200 grams.
The mother has planned to exclusively breastfeed
the baby and she begins in the delivery room with
what is described as a “successful” first feed.
Shortly thereafter, mother and baby are transferred
to a postpartum room.

Prior to the baby being breastfed at 8 hours of age,
the nurse on a routine assessment thinks the baby
has slight tremors and she performs a point-of-care
glucose level and it is 36 mg/dL. Apparently the infant
looks well enough to breastfeed because the nurse
advises the mother to feed again. The nurse also
aadvises that after this feeding the mother should sup-
plement the infant with one ounce of a term formula.
She tells the mother that she will check the glucose
again 1 hour after the formula feed to make sure the
baby is no longer hypoglycemic. The mother is very
disappointed that she will have to abandon her plan to
exclusively breastfeed and wonders if it is absolutely
necessary to give the formula.

The nurse calls you at home and discusses the
findings and what is going on and that the mother is
disappointed about having to give formula supple-
ment to her baby.

® [s the nurse offering correct advice to this

mother?

® Do you have orders for screening and

management of glucose levels for the well
baby?

You have your smart phone with you and you
pull up the “Glucose App, Sugar Wheel” (Fig-
ure 4-1) based on the algorithm from the Clinical
Report—~Postnatal Glucose Homeostasis in Late-
Preterm and Term Infants published in Pediatrics in
March 2011 from the American Academy of Pediat-
rics (AAP) Committee on Fetus and Newborn.
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EXERCISE 1
QUESTIONS

1. Should this term, appropriate for gestational age
breastfeeding infant been screened at all?

2. Is this infant symptomatic? Because the glucose
value was <40 mg/dL, should the infant have
received intravenous glucose?

3. Should a plasma glucose concentration have
been sent to the lab?

4. Should the infant simply have been left to con-
tinue breastfeeding?

5. Do infants that are exclusively breastfed tend to
have lower plasma glucose concentrations than
those fed infant formulas?

ANSWERS

1. Yes, if the tremors were really symptoms.

2. The tremors may not have been related to

hypoglycemia because the level is not particu-
larly low.

3. Always send confirmatory value to lab for plasma
glucose if you are concerned about symptoms.

4. Yes, if the symptoms are really not symptoms or
related to the plasma glucose level, which is not
low.

5. Breastfed infants probably do have lower plasma
glucose levels than formula fed.

CASE STUDY 1 (continued)

This case demonstrates a few of the issues that
we will consider in the chapter. Cornblath and Reis-
ner established (nearly 50 years ago) that neonatal
hypoglycemia was a significant cause of neona-
tal mortality and morbidity, yet the definition and
management of neonatal hypoglycemia have re-
mained unclear. We will examine the controversies
and discuss what constitutes clinically significant
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FIGURE 4-1 @ Sugar Wheel nomogram for Postnatal glucose homeostasis

hypoglycemia, who should be screened and when,
laboratory methods, and the relationship between
“low” plasma glucose concentrations and long-
term neurologic outcomes.

INTRODUCTION

After birth, the normal newborn infant’s plasma
glucose concentration falls below levels that
were prevalent in fetal life. This is part of the
normal transition to an extrauterine existence
and through a series of triggers, the infant acti-
vates endocrine and metabolic events associated
with successful adaptation. When this adaptation
fails, perhaps secondary to immaturity or illness,
there is a limitation of substrate supply, which
may disturb cerebral function and potentially

result in neurologic sequelae. A low plasma glu-
cose may be indicative of this process but is not
per se diagnostic. What is meant by “low”? How
low is too.low?” At what glucose level does
hypoglycemia lead o irreversible changes in
brain structure or function?

More than a decade ago, Cornblath and col-
leagues summarize] the contemporary state of
knolwledge relating to neonatal h\”pogl{'cemia by
i(statmg the following: “quornmiltely, ‘untoward
k()’::/g}‘)ll((?)“ﬂl Urllltt‘()l‘]‘fes in infants with one or t\\’?

. .00C glucose levels have become grounds
for litigation ang for alleged malpractice, even
rllullgl1 the causative relationship between the
tWO 1S tenuous gt best. . . . The definition of
clinically significant hypoglycemia remains one
of the most confused an contentious issues i
contemporary Neonatology,”
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FIGURE 4-2 m Fetal maintenance of anabolic state promoting energy storage.

Four years ago a workshop report from the
Funice Kennedy Shriver National Institute
of Child Health and Human Development
was published in the Fournal of Pediatrics, after
a group of experts from around the world was
assembled in Washington, D.C. to focus on gaps
in knowledge and suggest research needs for
understanding and treating neonatal hypoglyce-
mia. Conclusions from the workshop included:
“There is no evidence-based study to identify
any specific plasma glucose concentration (or
range of glucose values) to define pathologic
hypoglycemia.” “Monitoring for and prevention
and treatment of neonatal hypoglycemia remain
largely empirical.” Finally the report concludes,
“at present data are insufficient to produce
definitive guidelines.” At the same time as this
conference was taking place, the Committee on
Fetus and Newborn for the American Academy
of Pediatrics was working on a clinical report
to provide guidance and an algorithm for the
screening and subsequent management of neo-
natal hypoglycemia.

GLUCOSE HOMEOSTASIS

Maintenance of glucose homeostasis via initiation
of glucose production is one of the critical tran-
sitional physiologic events that must take place
as the fetus adapts to extrauterine life. It is not
uncommon that the transition may be difficult
and result in an alteration in glucose homeostasis
and an infant with a low plasma glucose level.
The fetus depends on maternal supply and the
placental transfer of glucose, amino acids, free
fatty acids, ketones, and glycerol for its energy
supply. The normal lower limit of fetal glucose

concentration is approximately 54 mg/dL (3
mmol/L) over most of gestation. Fetal glucose
production does not take place under normal
conditions.

The ratio of insulin to glucagon in the fetal
circulation plays a critical role in regulating the
balance between glucose consumption versus
energy stored. The high fetal ratio results in
activation of glycogen synthesis and suppres-
sion of glycogenolysis through the regulaton
of hepatic enzymes used for these pathways
(Figure 4-2). Therefore, in the fetus glyco-
gen synthesis is enhanced and glycogenolysis is
minimized. There is a rapid increase in hepatc
glycogen during the last 30% of fetal life. This
marked increase is associated with an increase in
both circulating insulin and corusol. The high
insulin/glucagon ratio also suppresses lipolvsis,
which allows for energy to be stored as subcuta-
neous fat. This subcutaneous and hepatc reser-
voir establishes a ready substrate supply for the
fetus to transition metabolically and establish
postnatal glucose homeostasis (Figure 4-2).

The dependence of the fetus on maternal
glucose necessitates significant changes in regu-
lation of glucose metabolism at birth following
the abrupt cessation of umbilical glucose deliv-
ery. A number of physiologic changes allow the
newborn o maintain glucose homeostasis (Fig-
ure 4-3). Catecholamine concentrations increase
inmediately after delivery and this stimulates glu-
cagon secretion. Therefore, there is a decrease in
the insulin/glucagon ratio. This ratio is important
because it drives events in utero and in transiton
that explain fetal preparedness for transition and
the postnatal adaptation and glucose homeostasis.

When glycogen synthase is inactivated and
glycogen phosphorylase is activated, this leads to
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Glucose Homeostasis in Newborn

Abrupt interruption umbilical glucose delivery

Catabolic Cascade

¢?tn’gger
glycerol € tcatecholamines » Tglucagon —>» g_ﬁlj_f::%lg_:‘
TFFA's (immediate)

lGlycogenesis <+ glycogen synthase

TGlycogenolysis <«— glycogen phosphorylase

!

Glucose
(Term infants have enough
hepatic glycogen to maintain
glucose supply ~10 hrs)
(rapidly available 1 few hrs)

TBlood glucose
1st 24-48 hrs

FIGURE 4-3 m Adaptations around delivery and over the first 24 hours of life to establish postnatal glucose

homeostasis.

simulation of glycogenolysis and inhibiton of
glycogen synthesis, which is the exact opposite
of the in utero fetal milieu. The release of glu-
cose from glycogen provides the rapidly avail-
able source of glucose for the neonate the first
few Hours after delivery. The estimates are that
for the term infant the hepatic glycogen supplies
enough glucose for the first 10 hours. It i very
important that other mechanisms come into play
to maintain glucose homeostasis (Figure 4-3).

The next important pathway for posta-
tal glucose homeostasis is gluconeogenesis.
The high insulin/glucagon ratio after delivery
induces enzymes required for gluconeogenesis.
Free fatty acids are released secondary to surg-
ing catecholamines that lead to the availability
of glycerol and amino acids from the circulation.
By 4 to 6 hours of life, the term infant is capable
of significant gluconeogenesis.

Until an exogenous supply of glucose is pro-
vided, either enterally or intravenously, hepatic
glucose production is the most significant source
of glucose to meet the needs of the infant. To
maintain normal levels of hepatic glucose pro-
duction, the infant must have the following:

* Adequate stores of glycogen and gluco-
neogenic precursors (fatty acids, glycerol,
amino acids, and lactate)

* Concentrations of hepatic enzymes neces-
sary for glycogenesis and gluconeogenesis
® Normally functioning endocrine system
(counterregulatory  hormones, ~human

growth hormone [HGH], and cortisol)

Free AA's TGluconeogenesis <&— Cortisol
(by 4-6 hours of life)

Human Growth
Hormone

TVolume enteral feeds

Adaptation to
enteral feeds

If any of these systems are not in place, then
there is a disruption of glucose homeostasis,
which increases the chances that there will be
neonatal hypoglycemia.

It has long been thought that preterm infants
during the first 3 days of life had lower glucose
values than term infants and they tolerated these
lower levels better. This misconception came
from the observation of lower plasma glucose
levels in preterm infants when these infants were
commonly starved the first few days of life. These
low values are no longer observed in preterm
infants because of early intravenous therapy and/
or enteral feedings. In fact, the preterm infant has
a significantly greater fall in glucose within the
first few hours after birth than in term infants,
suggesting that they are less able to adapt to the
cessation of intrauterine nutrition. Gluconeo-
genic abil.iry is limited in preterm infants, possibly
OWINg to immaturity of the enzymatic pathways.

CASE STUDY 2

A term appropriate for gestational age (AGA) male
infant was born after an uneventful pregnancy to
a 30-year—o/d gravida 2 woman. The mother had
no evidence of hyperglycemia and no chronic dis-
eases. Apgar scores were 5 7, and8at1, 5 and 10
minutes, respectively. The baby received blow-by
oxygen in the delivery room because of cyanosis.
At approximately 1 hour of age, a bedside glucose
determination was obtained; the value was 27 M3/
dL. The infant then recejved his first feeding of for-
mula after a plasma glucose level was sent to the




lab. The plasma glucose concentration run by the
Jab was 35 mg/dL and the repeat bedside glucose 1
hour after the feeding was 36 mg/dL.

EXERCISE 2
QUESTIONS

1. Should this baby have received the initial screen-
ing bedside glucose at 1 hour of age?

2. What is the significance of 27 mg/dL at 1 hour of
age prior to feeding?

3. Why does the plasma glucose concentration of
35 mg/dL (from the laboratory) differ from the
bedside screen, which was 27 mg/dL?

4. The repeat bedside glucose is 36 mg/dL at 2
hours of age after a feeding of formula. Is that
level still actionable?

ANSWERS

1. Cyanosis at delivery is very unlikely due to these
levels of plasma glucose. It was the reason the
infant was screened.

2. The bedside screen of 27 mg/dL is typical of
the nadir during metabolic transition (the actual
plasma value was 35 mg/dL).

3. Bedside screening values are not as accurate
as plasma levels, particularly at low levels of
glucose.

4. The repeat level of 35 mg/dL is still actionable.
However, this infant probably should not have
been screened and was asymptomatic and

well.

DEFINITION OF HYPOGLYCEMIA

A consistent definition of hypoglycemia does
not exist in the literature or in clinical practice.
When the first neonates were recognized as hav-
ing significant hypoglycemia in the mid-1950s,
the infants had striking clinical manifestations,
often seizures, and their blood sugar values were
consistently below 20 to 25 mg/dL (1.1 to 1.4
mmol/L). The abnormal signs cleared quickly
after increasing the blood glucose concentra-
tion to (>40 mg/dL, 2.2 mmol/L). Now 60 years
later, after hypoglycemia was first described and
“40” mg/dL became a “classic” standard for
defining hypoglycemia, our understanding of
the metabolic disturbances and genetic defects
underlying aberrations in postnatal  glucose
homeostasis has increased dramatically. How-
ever, this growth of knowledge, if anything, has
led us further from what we need to know about
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Changing Definition of Neonatal Hypoglycemia
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FIGURE 4-4 m Plasma glucose concentrations con-
sidered representing hypoglycemia over the last 40
years.
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FIGURE 4-5 m Blood glucose concentration transition
from fetus to neonatal over the first hours of life.
(From Srinivasan G, Pildes RS, Cattaman G: Plasma glu-
cose values in normal neonates: a new look, J f?ﬂiatr
109[11:114-117, 1986.)

Hours of age

blood glucose concentrations in the newborn:
“How low is too low?”

In a review of current textbooks, there is no
consensus for the definition of hypoglycemia;
values range from 18 mg/dL (1 mmol/L) to 70
to 100 mg/dL (3.8 to 5.5 mmol/L). It is interest-
ing to note that the definition of neonatal hypo-
glycemia has gone up decade by decade over the
last forty years (Figure 4-4); however, the higher
blood glucose values that have been proposed are
without scientific justification. The easiest diag-
nosis may be the situation in which the symp-
toms associated with a low blood sugar resolve
when the blood sugar concentration is increased.
Apart from this clinical situation, the diagnosis
of hypoglycemia is much more complex.

The blood glucose concentrations during the
immediate postnatal period are important to
understand to determine what may or may not
constitute a low blood sugar concentration. At
birth, the blood glucose concentration in the
umbilical venous blood is 70% to 90% of that
in the maternal venous blood. Blood glucose
concentration falls rapidly after birth, reaching
a nadir by 1 hour of age or so and then rises to
stabilize by 3 hours of age despite the absence
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. r-
of any nutritional support (Figure 4-5 ),f[])]_u
: ; i insulin levels are falling
ing this period, plasma insulin laca-
] Jevels surge. This surge of gluc
as glucagon levels surge. Th: i< is the key
gon combined with low insulin levels o e
hormonal adaptation in the newborn Infa oy
leads to mobilization of glycogen. Plasma glu
cose concentrations are lowest at 1 to 2 hours
of age and may reach a nadir as low as appr ox”
mately 30 mg/dL (1.8 mmol/L), or even lower
(Figure 4-6), after which time the infant’s nor-
mal physiologic responses increase the glucose
concentrations to values greater than 45 mg/dL
(2.5 mmol/L), which are maintained over the
first days of life (Figure 4-6).

Several approaches have been taken to deter-
mine normal reference ranges for blood glucose
concentrations in normal newborns. The first
was to sample umbilical venous blood at various
times during gestation and establish reference
ranges for blood glucose concentrations for the
normal fetus and then apply these glucose con-
centrations to the newborn. This method dem-
onstrated a range of 54 to 90 mg/dL with a mean
concentration of 70 mg/dL. Another approach
Wwas to measure the glucose values in full-term,
appropriately grown newborn infants without
any prenatal or neonatal complications over the

first few hours. These values are show
ures 4-5 and 4-6.

n in Fig-

In using thc§c_3'PPr°3ff}]‘es on]e €an arriy g
a statistical definition o 1yp<f)§_.lf.'¥ccm1a in gh,

mal term after 12 hours of life of 36 4
nove o the literature does noy
mg/dL. Hloweve o hreshold blood or o7
vide a consensus for a thresho b “0r plasm,
glucose concentration thatds;l)ca cally dcﬁncs
hypoglycemia or when and how much tre,,.
TP ol e prQVIdccl. Atte;:ul)ts have g,
been made to ident_lfy the thres old blood glu-
cose concentration 1n W'hICh .there is 5Ub§tantia|
likelihood of functional impairment, particular|
the brain. These methods can be categorize
into five approaches: epldemxolqglc, clinica],
metabolic-endocrine, neurophysiologic, anq
neurodeve]opmental: .

The epidemiologic 'flpproach simply defines
blood concentrations in a cohp_rt of hea'lthy
infants, and then uses an em'pn.’lcally derived
cut-off such as <2 standard dgv1at10ns below the
mean. Any single value is unlikely to represent
threshold of abnormality, because the dgta repre-
sents a continuum from normal. Most important
is that a statistical abnormality does not imply
a biologic impairment. This method shows the
vast majority have blood glucose concentrations
>40 mg/dL. '

The clinical approach is based on the impor-
tance of glucose levels when signs of hypoglyce-
mia appear. However, jitteriness is just as likely
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among normoglycemic infants and those with
a variety of other conditions. Also, equally low
blood glucose levels are found in infants with
no signs (“asymptomatic hypoglycemia”). This
is often seen in the first few hours after birth
when fuels other than glucose are providing
neural energy and the brain is protected despite
the “low plasma glucose screen.” Therefore, the
presence or absence of signs and symptoms can-
not be used to discriminate between normal and
abnormal blood glucose values.

The metabolic-endocrine approach is not
practical and needs more data. The premise is
that the concentration of glucose at which meta-
bolic counterregulation occurs can be used to
define a “safe” lower limit for blood glucose
concentration. Premature infants are unable
to mount a mature counterregulatory response
to low blood glucose levels compared to term
infants, thus making them more vulnerable dur-
ing periods of insufficient fuel.

Similarly, the neurophysiologic approach
has attempted to measure neurophysiologic
changes in relation to various blood glucose con-
centrations. Studies use somatosensory evoked
potendals. The studies have had small numbers
and some studies have failed to show effects of
hypoglycemia on evoked responses. Changes in
cerebral blood flow with very low blood glucose
concentrations have been studied in preterm
infants. However, the practicality of this tech-
nology and application remain unclear.

The neurodevelopmental approach has taken
on the most significance for many investiga-
tors to define significant hypoglycemia and also
is pivotal in the Canadian Pediatric Statement
and algorithm on screening and management of
hypoglycemia. An important and very influen-
tial article from the United Kingdom published
in 1988 by Lucas and colleagues opened with
“there has been considerable debate over what
should be chosen as a safe lower limit for blood
glucose concentration in the neonatal period.”
The article provided data on 661 infants who
weighed <1850 g at birth, and from the data the
authors concluded that “moderate hypoglycemia
may have serious neurodevelopmental conse-
quences, and reappraisal of current management
is urgently required.” They used statistical strat-
egies to analyze for a threshold value that reliably
predicted an adverse outcome. They suggested

that a glucose concentration <47 mg/dl. (<2.5
mmol/L) offered the greatest predictive power.
They found that the number of days that these
infants experienced moderate hypoglycemia was
strongly related to reduced scores for mental and
motor development at 18 months corrected age,
even after adjustment for a wide range of factors
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known to influence development. However, the
monitoring of blood glucose was not standard-
ized; sicker infants had more frequent blood glu-
cose determinations. The fact that hypoglycemia
was not a primary focus of this prospective con-
trolled feeding study is apparent from the obser-
vation that some infants were permitted to have
plasma glucose values <20 mg/dL (<1.1 mmol/L)
for as long as 3 to 7 days without intervention.
In addition, the glucose value reported and used
in their analyses for prognosis was the first one
obtained each day and the number of days <47
mg/dL were usually not consecutive.

The adjustment for confounding variables and
the large sample size were positive aspects of this
study. Therefore for high-risk infants with birth-
weight <1850 g, a first glucose value of <47 mg/
dL on S or more days correlated positvely with
abnormal neurologic and developmental out-
comes at 18 months of age. However, by 7.5 to
8 years of age, only deficiencies in arithmetic and
motor test scores were present. This suggested the
findings at 18 months were not permanent. Thus,
doubt was cast on the importance of a threshold
value <47 mg/dL as a marker for neuroglycopenia
or, alternatively, it suggests that early adversity
may be attenuated by later environmental factors.

A second retrospective study gained impor-
tance in trying to define a “threshold” level for
increased risk of brain injury. The study included
small for gestational age preterm infants <32
weeks’ gestation, the majority of whom had svm-
metric growth restriction including head circum-
ference. They reported 73% of these infants had
hypoglycemia (i.e., <47 mg/dL), and that recur-
rent episodes of hypoglycemia songly corre-
lated with physical growth deficits and persistent
neurodevelopmental delays. In this study, the
initial bedside screen was not confirmed with a
laboratory plasma glucose in many of the infants.

A prospective controlled clinical trial with
a strict protocol for measuring frequent blood
glucose levels at specific times and with explicit
indications is necessary. The approach that links
statistically based hypoglycemia with outcome
measures like abnormal neuromotor and intel-
lectual performance at 18 months of age or older
cannot be validated without this prospective study.

Recently another group in the United King-
dom, Tin and colleagues, completed a prospec-
tive study that evaluated neurodevelopmental
outcomes at 2 and 15 years later for preterm
infants who had a low blood glucose level during
the first 10 days of lite. This study was designed
to test the hypothesis that recurrent low blood
glucose levels <47 mg/dL, even in the absence of
any suggestive clinical signs, can harm a preterm
infant’s long-term development.
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All children born <32 weeks In the nf‘ﬂ'flh "]f
in 1¢ 991 had laboratory blooc
England in 1990 to 1991 had TaRete st 10 days
alucose levels measured daily for the hr%_ ed to 2
of life. Forty-seven of the 566 who survy ClLL f ).l-'
years had a blood glucose level <47 n‘.g/( ; ‘
more than 3 days. All were matched with hypo-
glycemia-free controls m-.nch.ed for :IPPNA’I“'.'i
ate variables. No differences in developmenta
progress or physical disability were detected at
2 years of age. .

“The families were seen again when the C]'!ll-
dren were 15 years old, and 38 (81%) of the orig-
inal cohort and matched controls were nearly
identical for full scale 1Q. Even children who had
a level <47 mg/dL for >4 days and another group
<36 mg/dL on 3 different days did not alter these
results. Tin concluded “they found no evidence
that recurrent low blood glucose levels (<47 mg/
dL) in the first 10 days of life pose a hazard to
preterm infants.”

Tin’s study doesn’t imply that low blood glu-
cose concentrations cannot be damaging in the
preterm infant even in the absence of overt rec-
ognizable signs. However, the data suggest that
the danger threshold must be lower than many
had come to think it was. ’

A recent analysis of all 18 reported eligible
studies through 2005 on neonatal hypoglycemia
and subsequent neurodevelopmental outcomes
concluded that the overall methodologic quality
was poor in 16 and high in two studies. None of
the studies provided a valid estimate of the effect
of neonatal hypoglycemia on neurodevelopmen-
tal outcomes. They developed a proposal for a
well-designed prospective study, which the sec-
ond UK study by Tin and colleagues represents.

BOX 4

Conditions That Should Be Present Before Considering That Long-
Neurologic Impairment Might Be Related to Neonatal %{ypgglyg;ij;r e

Rozance and Hay, rcvi(‘e\mg;c“t}lrgs A380¢j,
d with adverse nu((‘nmc'.*- .If1.l|ll ;l'l"j‘- VlVll'h hYprJ.
glycemia, cnnch!dc th:ll_ .llll"l )'lll :fllgl ong-tey,

neurologic impairment .m .l'll..'(')l J’]‘]l .‘YP"Hchc.
mia is difficult and (.:ﬂl.‘lt'l(wf,l'.‘»l’-! llty also gy,
gest therc are no (!L‘hlllllvc studics that have heen
able to address this issuc. (.()1}(!}{}01]5 to conside,
when entertaining this possibility are liseeq in

Box 4-1.

ate

CASE STUDY 3

A term male infant is born to a 21-year-old prim,.
gravida who had no prenatal care. Because of f3.
ure to progress, a cesarean section was perfqrmed‘
Apgar scores were 6 and 7 at 1 and 5 minutes,
respectively. The infant weighed 4550 grams ang
the length and head circumference both plotted oyt
at the 50th percentile on the fetal growth curve. At
6 hours of age, the infant appears lethargic, feed-
ing poorly at the breast, and Jittery. A bedside glu-
cose determination was performed and the reading
was 10 mg/dL. A plasma glucose was sent to the

laboratory.

EXERCISE 3
QUESTIONS

1. When should this infant with macrosomia
and no prenatal care be screened for neonatal
hypoglycemia?

2. Do you consider this infant asymptomatic
with a low blood glucose concentration, or a
Symptomatic infant with a low blood glucose
concentration?

1. Blood or plasma glucose concentrations
below 1 mmol/L (18 mg/dL). Such values
definitely are abnormal, although if transient
there is no study in the literature confirm-
ing that they lead to permanent neurologic
injury.

2. Persistence of such severely low glucose
concentrations for prolonged periods (hours,
>2 to 3 hours, rather than minutes, although
there is no study in human neonates that
defines this period)

3. Early mild-to-moderate clinical signs (pri-
marily those of increased adrenalin [epineph-
rine] activity), such as alternating central
nervous system (CNS) signs of jitteriness/
tremulousness vs. stupor/lethargy or even
brief convulsion, that diminish or disappear

with effective treatment thag promptly
restores the glucose concentration to the
statistically normal range (>45 mg/dL)

4. More serious clinjca] signs that are prolonged
(many hours or longer), including coma,
selzures, respiratory depression and/or apnea
with cyanosis, hypotonia or limpness, high-
[){tcllg*(l' cry, hypothermia, an poor feeding
after initially feeding well; these are more
refractory to short-term treatment

5. (',oncurrcncc of associated conditions, par-
ticularly persistent excessive insulin secretion
and hyperinsulinemig with repeated episodes
of acute, severe hypoglycemia with seizures
and/or comg ('.1hhm1gh subclinical, often
scvcr_c,l hypugly(‘cmic ¢pisodes oceur in these
conditions an might be just as injurious)

R

From Rozance P, Hay W: Hypoglycemia in newborn infants: features associated with adyerse outcomes, Biol Neonate y(,.;-.; 2000.



3. Would you immediately feed this infant or would
you be providing intravenous glucose by mini-
bolus and/or glucose infusion?

ANSWERS

1. This infant with macrosomia should have been
screened 30 minutes after the first feeding,
which should have taken place by 1 hour of age.

2. This infant has signs that can be consistent with
hypoglycemia.

3. The infant that is symptomatic with hypoglycemia
and demonstrates a low bedside glucose and/or
plasma screen should be treated immediately.

OPERATIONAL THRESHOLDS

Hypoglycemia represents an imbalance between
glucose supply and utilization and may result
from many different regulatory mechanisms
(Box 4-2). In 2000, Cornblath proposed an
operational definition for neonatal hypoglyce-
mia. An operatonal threshold is an indication
for action but it not diagnostic of a disease. One
uses available clinical and experimental data for
these infants using conservative estimates for
designating the lower level of normoglycemia.
The belief is that the neonate can safely tolerate
these levels at specific ages and under established
conditions.
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Cornblath first suggested an operational le\l/fl
for plasma glucose nfg}() to 36 ing/dL during the
first 24 hours or less for the healthy full-term or
late preterm (34 to 37 weeks’ gestation) formula-
fed infant. If the glucose concentration fell below
that operational level after a feeding or recurred,
he suggested increasing the plasma glucose .lcvcls
above 45 mg/dL. This absolutely does not imply
that the lower plasma glucose concentrations
alone produce mental or developmental abnor-
malities. He also suggested that the operational
threshold might be increased to 45 to 50 mg/dL
(2.5 to 2.8 mmol/L) or higher in a sick, low birth
weight, or premature infant suspected of having
increased glucose requirements as a result of sep-
sis, hypoxia, or other major systemic illness.

Finally, he recommended that beyond 24
hours of age, this operational threshold may be
increased to 40 to 50 mg/dL. Values below the
operational threshold level are an indication to
raise the plasma glucose levels and do not imply
neuroglycopenia or neurologic injury. Infants at
all ages and gestations with repetitive, reliable
plasma glucose values less than 20 to 25 mg/dL
should be given parenteral glucose and be moni-
tored at regular intervals to ensure that these low
values do not persist or recur.

When the low plasma glucose levels are pro-
longed or recurrent, they may result in acute sys-
temic effects and neurologic sequelae. Cornblath
stresses that it is not possible to define a plasma
glucose level that requires intervention in every

O E YA Pathogenesis of Hypoglycemia in Neonates

EXCESS UTILIZATION

Hyperinsulinism: IDM, erythroblastosis, LGA,
SGA, or islet cell or other endocrine pathology

Increased calorie expenditure for
thermoregulation in LBW and SGA infants

Increased calorie expenditure owing to excess
muscle activity: increased work of breathing in
respiratory distress, drug withdrawal, CNS irritability

Circulatory or respiratory diseases that
shift energy metabolism from aerobic to
anaerobic pathways: hypoxemia, hypotension,
hypoventilation, septic shock

Relative excess of glucose-dependent tissues:
high brain-to-liver ratio in SGA infants

Inborn errors of metabolism resulting in
inadequate glucose-sparing substrates: free fatty
acids, ketones, glycerol, amino acids, lactate

Acute brain injury causing increased brain
glucose utilization: seizures, intoxication,
meningitis, encephalitis, or hypermetabolism
following acute brain injury (hypoxia-ischemia,
trauma, hemorrhage)

INADEQUATE PRODUCTION OR SUBSTRATE
DELIVERY

Inadequate or delayed feedings or parenteral
delivery of calories

Aberrant hormonal regulation of glucose or
lipid metabolism: hypothalamic, pituitary, and
peripheral endocrine disorders '

Transient developmental immaturity of
critical metabolic pathways reducing endogenous
production of glucose and/or other substrates

Deficient metabolic reserves of precursors or
glucose-sparing substrates

Deficient brain glucose transporters:
posthypoxia-ischemia, inherited glucose
transporter defects

Suppression of gluconeogenesis,
glycogenolysis, and hepatic glucose release by
inappropriately high circulating insulin levels in
conditions associated with hyperinsulinism.

IDM, Infant of diabetic mother; LBW, low birth weight; LG A, large for gestational age; SGA, sm
From Cornblath M, Ichord R. Hypoglycemia in the neonate, Semin Perinatol 24(2):138, 2000.

all tor gestational age.
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newborn infant because there 1s “"Ce'?t‘lm?t’
over the level and duration of hypoglycemia -

1 lnown of the valner
causes damage, and little is known ¢ e for
ability of the brain at various gL‘SFﬂ.tmml ‘lb: v-
such injury. He emphasized significant hypog r
cemia is not and can never be defined by a 511?:‘1
number that can be applied universally to j‘l"w
individual padent. Rather, it is. ch:llr:actenze ?.y.ﬂ
value(s) that is unique to each mdl\'ldu.al and v ar-
ies with both their state of physiologic maturity
and the influence of pathology. It can be defined
as the concentration of glucose in the blood or
plasma at which the individual demonstrates a
unique response to the abnormal milieu caused
by the inadequate delivery of glucose to a target
organ (for example, the brain).

‘Treatment should be guided by clinical assess-
ment and not by glucose concentration alone.
The infant displaying neurologic signs requires
more urgent elevation of plasma glucose concen-
tration than the asymptomatic one, regardless of
the individual plasma glucose concentration.

The National Institutes of Health conference
on Knowledge Gaps and Research Needs for
Neonatal Hypoglycemia concluded the follow-
ing concerning operational thresholds: “The so
called operational thresholds are useful guide-
lines to take appropriate actions. However, the
recommendations are not based on evidence
of significant morbidity if no actions are taken.
Similarly, there is no evidence that outcomes
improve if actions are taken at the operational
threshold value. All published definitions pro-
viding singular values or ranges have been arbi-
trary and developed for analytical and grouping
purposes.”

PHYSIOLOGIC RESPONSES TO
HYPOGLYCEMIA AND BRAIN
INJURY

There is no definitive study of glucose insuf-
ficiency in human infants in relation to hypo-
glycemia and acute neuronal injury. Glucose
concentration is only an indicator of glucose
insufficiency; the other factors to consider when
determining glucose insufficiency include cere-
bral blood flow, cerchral glucose utilization
rate, and cerchral uptake and metabolism of
alternative fuels, as well as the duration of the
hypoglycemia and the presence of associated
clinical complications. Plasma or blood glucose
concentration, however, may be the only prac-
tical laboratory measure available to assess glu-
cose insufficiency and response to treatment. A
thorough physical exam assessing for signs and

symptoms of hyp(?glycemmhal;d II)I_HI;FICUlz'lr]y '
rologic abnormalitics may nEIp CiStinguish g,
. e = ¢ with low blood glucmc_ concentrag,

infants . adequately compensating. Figure 4.5
who are & (neuronal fuel eConop,

> many factors
hows the many fa . - ——_— ;
ih-u must be considered in cv(lluatm_g the infany
i.rh 2 low blood g]ucosc concentration,
-

Some studies have shown ‘m_crtfzased Cerebry|
blood flow in the hyp()glyccmlc.l? glnft COmpareq
to normal, healthy cuglyccmfl{(. InTants; afte,
reatment the cerebral l)l()()_d OW returneq v,
normal in 30 minutes, as d'd_ Gp;lnephrme ley-
els, which had risen as well with ypoglycemlg_
However, studies have not shown a change iy
cerebral rate of glucose utilization in relation to
the change in cerebral blood flow. _

Another important neuroprotective response
to hypoglycemia is the capacity to accommodate
changes in the rate of cerebral glucose metabo-
lism by substituting alternate energy substrates.
The best characterized alternative fuel for the
brain during hypoglycemia is lactate. Obser-
vations from animal data indicate that lactate
entry into and metabolism by the tricarboxylic
acid cycle may help compensate for decreased
glucose metabolism. Lactate is the product of
an astrocyte-neuronal lactate shuttle, which can
supply the neurons with lactate for energy during
periods of glucose deprivation. Brain glycogen is
stored in the astrocyte, which makes this shuttle
another important source of neuroprotection.

It appears that the human brain has the capac-
ity to metabolize ketone bodies. Therefore the
ability of the neonatal brain to utilize ketone
bodies is almost certainly another form of neu-
roprotection during hypoglycemia. In healthy,
term infants, plasma ketone bodies increased
to 4 Maximum concentration on days 2 and 3.
Additionally, the ketone bodies increased further

Neuronal Fuel Economy

Blood Glucose Available Alternative

Concentration Fuals
c i * Ketone Bodies
oncurren .
Neonatal La(':tate
Conditions ~ *Aa’s
* Hypoxia . hAnt_iapta_bilit'y tqf rI‘.ocal
. SepSiS ICrocirculatio

Given complexity of defining adequacy of neuronal

fuel adeguacy—concept of rigid threshold for blood
glucose is challenged

Clinical exam Is more Important than glucose level

HGURE 41 m FﬂCtOI" thﬂt play a role in energy avail-
able for the central nervous system including blood
glucose concentrations,



when the glucose concentration in the blood was
low. However, preterm infants did not show
similar patterns of ketone res
to have a lower capacity to mobilize ketones as
an alternative fuel. It is also clear that formula
feeding as a clinical intervention for hypoglyce-
mia has a suppressive effect on early ketogenesis.

There are considerable differences in regional

susceptibility in the brain to hypoglycemia that
contribute to the pattern and distribution of
injury; however, the reported changes have not
been consistent. Some animal and human neona-
tal imaging studies have indicated vulnerability
to hypoglycemia in the occipital region, striatum,
cingulate cortex, and hippocampus. However,
recent clinical and imaging studies have indi-
cated more diverse cerebral injury in infants with
significant clinical symptoms of hypoglycemia. A
study including 35 term infants with symptom-
atic hypoglycemia (86% of infants with a blood
glucose <35 mg/dL and seizures) extended the
spectrum of magnetic resonance imaging (MRI)
abnormalities to the white matter, deep nuclear
gray matter, and cortical infarction. Therefore
an MRI should be a routine investigation for the
newborn infant with symptomatc hypoglycemia
to define the nature of any cerebral injury.

It must be emphasized, however, that studies
like these relate to infants who sustained severe
and prolonged hypoglycemia with encephalopa-
thy. There is currently no imaging evidence that
mild hypoglycemia of any duration causes brain
injury or that asymptomatic hypoglycemia of any
duration causes brain injury.

ponse and appear

CASE STUDY 4

A 37-year-old gravida 4 para 4 woman delivers a
3400 g male infant with Apgar scores of 9 and 9 at
1 and 5 minutes, respectively, after an uncom-
plicated pregnancy and labor. The mother has
breastfed all of her other children successfully and
breastfeeds this infant at 45 minutes of age in the
delivery room. A bedside glucose is obtained right
after the feeding and it is 27 mg/dL.

TABLE4-1 Plasma Glucose Concentrations (mmol/L) in Term, Appropriate Size
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EXERCISE 4
QUESTIONS

1. Should this infant have been screened for
hypoglycemia?

2, Should the screen occur immediately follow the
feeding?

3. Do breastfeeding babies have higher ketone lev-
els and lower blood glucose levels than formula-
fed infants?

ANSWERS

1. This infant does not meet any of the risk catego-
ries for screening and management of postnatal
glucose homeostasis.

2. Glucose screens during the first 4 hours of life
are taken 30 minutes after feedings. There-
after, screens precede feedings for optimal
management.

3. Breastfeeding infants are believed to have
higher ketone levels, the principal alternate
metabolic fuel for the brain, thus sparing
glucose.

BREASTFEEDING

In most term infants who are formula fed, the
plasma glucose concentration exceeds 40 mg/
dL by 6 to 12 hours of postnatal age. Infants
who are exclusively breastfed tend to have
lower blood glucose concentrations that those
fed formula. One study noted that nearly 50%
of breastfed infants had blood glucose levels
remaining below 36 mg/dL during the first 24
hours after delivery. Other studies show a very
wide range of glucose concentrations during
the first 72 hours with lower limits at 23 mg/
dL in healthy breastfed infants (Table 4-1).
Furthermore, breastfed infants tend to have
higher ketone concentrations, the principal

for Gestation, Breastfed Infants at Four Different Ages

. 5 S T, e e

R —

Age (hr) Mean Median Interquartile Range Range

3 54 (19) 50.4 26.2-149.4 41.4-59.4
6 53.1 (13.5) 50.4 28.8-97.2 43.5-59.4
24 52.02 (14.2) 52.2 23.4-136.8 46.8-59.4
72 54 (14.2) 50.4 26.2-127.8 46.8-59.4

Repeated analysis of variance, p=0.9

From Wight N: Hypoglycemia in breastfed neonates, Breastfeed Med 1(4):253, 2006.
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in. There-

alternate metabolic fuel for the brﬂ"f} d term
.o diave that breastie
fore, studies indicate se concentra-
infants have lower blood glucos o es than
tions and_higher levels of ketoﬂ(:{ d out to !
formula-fed infants. Dath e.\'tCP deinfﬂnts still
week of age showed that breastfe Iacose
L = |55 an blood gluc

had significantly lower mean h mean of 58
levels (range 27 to 95 mg/dL) ‘r}lt 1 me age at
mg/dL versus formula-fed of 1? sa fT’me/
(range 45 to 111 mg/dL) and mean ¢ 1= 125,
dL. A unique observation 1s that the rfl e
infants losing the most weight postnata )Tll _
the highest ketone body concentrations. LhiS
suggests alternate fuel neuroprotection :115 a
normal adapti\'e response to a tran_snel}tl}' ow
nutrient intake with modest breastfeeding vol-
umes as they increase the first week of life. For
the breastfed infant, the only correlation with
glucose concentration was the interval betwt.:en
feeds. This emphasizes the need for lactation
support, monitoring, and frequent on-demand
nursing.

Wight promotes early and exclusive breast-
feeding as meeting the nutridonal needs of the
healthy, term infant and that these infants do
not develop symptomatic hypoglycemia simply
as a result of underfeeding. She advises against
routine supplementation of these healthy infants
with water, glucose water, or formula because
these may interfere with the establishment of
normal breastfeeding.

Healthy term infants should inidate breast-
feeding within 30 to 60 minutes of life and con-
tinue on demand, recognizing that crying is a
very late sign of hunger. Frequent feedings are
best 10 to 12 dmes per 24 hours, which also
helps prevent hyperbilirubinemia in the first few
days after birth.

If a breastfed term infant meets criteria for
glucose screening it should not preclude early
initiation of breastfeeding. The infant can
be monitored and further clinical decisions
should be based on subsequent glucose moni-
toring and clinical exam. If such an infant does
develop hypoglycemia, it is important to reas-
sure the mother that there is nothing wrong
with her breast milk and that supplementation
or whatever treatment is necessary is usually
temporary and the intent is not to jeopardize
breastfeeding her infant. In some cases, the
mother may want to express or pump milk
that is then fed to her infant. It is important
to maintain her milk supply until the baby is
back to latching and suckling well. Trying to
keep the baby on the breast or returning to the
breast as soon as is safely possible is impor-
tant to maintain breastfeeding for mother and
baby.

POSTNATAL GLUCOSE

OSTASIS IN LATE-
gglli\'anRM AND TERM INFANTS

The clinical report from t'h|c1 ‘Committ'ee On the
Fetus and Newborn [WUV"‘)“ a practica g

for the screening and subsequent _"Tkﬂnagement
of neonatal hypoglycemia ll}‘F‘lt-l‘lS late pp,.
term (34 to 36 6/7 weeks’ gestational age) ang
term infants. The report does not identify 5,
specific value or range of plasma gIUC()_se con.
centrations that Po.tcntlally cou!d result in brgp
injury. Instead, it is a pragmatic approach to
controversial issue for which evidence is ]flck-
ing but guidance is needed. Recommendationg
include: which infants to screen, when to screep
them, laboratory data, clinical signs, and finally

nmnagement.

WHICH INFANTS TO SCREEN

Healthy full-term infants born after an entirely
normal pregnancy and delivery and who have.no
clinical signs do not require screening. Routine
measurement of blood glucose concentration
should only be undertaken in infants who have
clinical manifestations or who are known to be at
risk of compromised metabolic adaptation. The
AAP clinical report was not inclusive of all pre-
mature infants and focused only on the late pre-
term infant. This was based on the assumption
that the vast majority of more premature infants
would be cared for in intermediate care or in
the neonatal intensive care unit, where routine
screening is already in place.

Because plasma glucose homeostasis requires
gluconeogenesis and ketogenesis to maintain
normal rates of fuel use, neonatal hypoglycemia
most commonly occurs in infants with impaired
gluconeogenesis and/or  ketogenesis, which
Mmay occur with excessive insulin production,
alteyed counterregulatory hormone production,
an inadequate substrate supply, or a disorder
?(i[lf;]l:l?)raiud OXi(.lnt.ion.' Neonatal hypoglycemia

Oy oceurs in infants who are small for
gestational age, infants born to mothers who
aye diabetes, and lae preterm infants. Included
bt i o Botoml e ins
o “““Cl:n']l h(:“ lt. t? exclpde llllllit‘l'l\il]‘f ”-':_h
Smndﬂl'd—gllu:usc'\[ml I‘g ycemia (prediabetes) wi

A large numb o Ll‘fgmcc e ] and
fetal conditions n:-ll hy | ".ldtlmon.al A -l:-“of
R———— h\’[)n‘rl *cl-" J'so place l:lf;\l:lt!s‘ at l‘lrr\.u)
clinical l‘L‘])'urt Eit}wt-n-]f‘l« Fan 4-2). l"(:.n' .t‘h; A B
Sicaidl be (‘Oln,mun .::, assumed that L“ll'lllLil‘ .slglﬂ'_-r

vith these conditions anc
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Screening and Management of Postnatal Glucose Homeostasis in Late Preterm and Term SGA, IDM/LGA Infants
[(LPT) Infants 34-3667 weeks and SGA (scraon 0-24 hrs): IDM and LGA =34 weaks (screen 0-12 hrs)]

Symptomalic and <40 mg/dL—> |V Glucose
—
ASYMPTOMATIC
Birth to 4 hours of age 4 10 24 hours of age
INITIAL FEED WITHIN 1 Hour 1 [T7 7 continue feeds g2-3 hours
Screen glucose 30 minutes after 15! feed Screen glucose prior to each feed
Initial screen <25 mg/dL Screen -f35 mg/dL _
Feed and check in 1 hour Feed and check in 1 hour
<25 mg/dL 25-40 mg/dL <35 mg/dL 35-45 vanclt
IV Glucose* Refeed/IV Glucose* IV Glucose* Refeed/IV Glucose®
as needed as needed
—
Target Glucose screen =45 mg/dL prior to routine feeds
"Glucose dose = 200 mg/kg (dextrose 10% at 2 mL/kg) and/or IV infusion at 5 to 8 mg/kg/min (80-100 mL/kg/d) to achieve
plasma glucose 40-50 mg/dL.
Symptoms of hypoglycemia include: Irritability, tremors, jitteriness, exaggerated Moro reflex, high-pitched cry, seizures,
lethargy. floppiness, cyanosis, apnea, poor feeding.

Pediatrics March 2011. COFN. AAP. Adamiin

FIGURE 4-8 m Screening and management of postnatal glucose homeostasis from the AAP Committee on Fetus and
Newborn. (From Adamkin DH: Postnatal glucose homeostasis in late-preterm and term infants, Pediatrics 12712]:576, 201 1)

is likely that padents with such conditions would
be monitored and that plasma glucose analyses
were being performed. Therefore for practical-
ity, “at risk” in the management approach out-
lined in Figure 4-8 includes only infants who are
small for gestational age, infants who are large
for gestational age, infants who were born to
mothers with diabetes, and late preterm infants.

WHEN TO SCREEN

Plasma glucose should be measured as soon as
possible (minutes, not hours) in any infant who
manifests clinical signs (Box 4-3, Figure 4-8)
compatible with low blood glucose concentration
(i.e., the symptomatic infant). Neonatal glucose
concentrations decrease after birth to as low as 30
mg/dL or less during the first 1 to 2 hours after
birth, and then increase to higher more stable
concentrations, generally above 45 mg/dL by 12
hours after birth. Values <40 to 45 mg/dL occur
in as many as 5% to 15% of normal newborn
infants. Data on the optimal timing and intervals
for glucose screening are limited. Tt seems inap-
propriate to make early blood glucose measure-
ments on any baby during this immediate fall
because the normal cannot be distinguished from

Signs and Symptoms
of Hypoglycemia in
Newborn Infants

General findings
Abnormal cry
Poor feeding
Hypothermia
Diaphoresis
Neurologic signs
Tremors and jitteriness
Hypotonia
Irritability
Lethargy
Seizures
Cardiorespiratory disturbances
Cyanosis
Pallor
Tachypnea
Apnea
Cardiac arrest

From Rozance P, Hay W Hypoglycemia in newborn infaney: feareres
assoctated with adverse outcomes, Biol Neonate 90:81, 2006.

the abnormal. Fortunately, even in the absence
of any enteral nutrition intake, the blood glu-
cose rises by 3 hours of age. Fven in the *at-risk”
infant for hypoglycenia, blood glucose measure-
ment is best avoided during the hest 2 hours after

Tt e e
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birehy, ' Dhere is the real danger that e ":".lu‘t s,
made ot thie te are self fulfillimg prophe

oy a few
N atudies have lla;lmmtlmlwl hariny fron

, e thits
onins of asyimpomatic hypoglycena :hm: :i' "y
notial postinatal |»4.'Hm| of establiching “phy

nhnpn hinncostasis ™ I
1 caeyehe
THIE plicose concentrations show (z l,)

reaponse toan enteral feed, reaching a pea
about e hown after the feed, and the nadir just
befone the nest feed s due Becanse the porpose of
Dlood glucose mmomtorng s to dentify the Jowest
Dlood glucose Tevel, it makes most sense 1o mei
sne avalue nomedinely betore the nest feeding,

Fhe AN gndeline recommends the frequency
and duration of serecnmg torat sk groupr liased
on sk frctors specihie to the ndiadual infant,
Alter 24 o, repeated sercemmg betore feeds
should he contmmed 11 plasia glucose concentra-
tons rennn lower than 45 mmg/dl .,

LABORATORY MEASUREMENTS
OF GLUCOSE

Accurate and rapid measurement of blood gla-
cose concentration s the cormerstone of the
nmeanaprerment of j:l'\l'rllll(' Status rfu_' nconate,
ldeallv e would he rapid, accurare, mexpensive,
and requive a small volume of blood Unforty-
mely none of the available devices o) methods
has et all the required attributes for detection
ot low hlood plucose in the neonatal population.
When neonaal hypoglyeemia i suspected, the
plasima or blood glucose must be deternined
mmediately by using one of the lahoratory cnzy-
nate methods (glucose oxidase, hexokinase, or
dehydrogenase method), Plasma glucose tends to
be 10% to 18% higher than whole-blood values
because of the higher water content ol plasma,
Mthough - Taboratory deterniination is the
most accurate method of measuring the glu-
cose concentration, the results are not available
quickly enough for rapid diagnosis of a low blood
glucose level, which thereby delays potential
mterventions and treatments. Bedside reagent
test-stnp wlucose analyzers can be used if the test
15 performed carctully and the clinician is aware
of the limited accuracy of these devices, “his
bedside or point-of-care testing 1s done to obtin
an estimate of the glucose concentration quickly
and convemently. Although the results of these
tests are used for climeal decisions, there are sev-
eral metalls. At present, there is no point-of-care
method that s sutficiently reliable and accurate
in the low rnge of blood glucose to allow it 1o
be used as the sole method to sereen for hypo-
glycemia. Tese-strip results may vary as much as
L0 to 20 mg/dL versus the actual plasma glucose

—— L,nfuﬂllﬂ:llcl}', this Vzﬂ'z[‘“
(:unl,(.'"’ ot the low blowod glucese Oncenyy,,
":[;;:";:I‘:’V: r;f Jirmatation with “"ﬂl)id” b ;
souls, the blood or pla;rr?zl';'gfuum e,
tration st be umﬁnw:r!’ 1), a mratur)"tc;, ny
ordered “s1at.” A long de a'}v]m Pf"“’”lnf, "y
sproimen can resultin afalsely low ?,m“‘mralmn
hee ause erythrocytes in rh'L’- ]:amp cl Metaby,,
the glucose m the plasma. ’ l]s p;—.«,’ lem cay, v
avoided by transporting the blond in tubes thy.
contain a glye alytie inhibitor such as ﬂ“‘"‘lde,
Treatment of the u,uspcucd “C‘m:_nal hypr;-
glycema should not be pestponed while Waitin,
foor l;llm!;nur}— confirmation. ’f"WCVF:r, th’(:re :
no evidence that such treatment will Mitigat,
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neurologic sequelac,

CLINICAL SIGNS OF
HYPOGLYCEMIA

The chinical signs of neonatal hypoglycemia are
not speaific and include a wide range of loca
or generalized m;mif(:stmi(ms‘that are common
in sick neonates (Box 4-3). "The signs and sys-
tems of asolated hypoglycemia can be viewed
as systemic manifestations of glucopenia (e.g.,
episodes of cyanosis, apnea, irritability, poor
sucking or feeding,) and/or hypothermia accom-
panied by manifestations of central nervous sys-
tem glucose deficiency (ncuroglycopenia; e.g.,
changes i level of CONSCIOUSNESS, tremors, irri-
tability, lethargy, scizures, exaggerated Moro
reflex, coma). “The manifestations of neuro-
glycopenia include the full spectrum  of acute
encephalopathy. Coma and scizures may occur
with prolonged neonatal hypoglycemia (plasma
or hlood glucose concentrations lower than 10
mg/dL range) andd repetitive hypoglycemia,

Because avoidance and treatment of cerebral
energy lll'll('it'llt'y s the principal concern, great-
estatention should fye paid to neurologic signs.
| !nv climical manifestations should subside within
mmnlcs‘ 1o hours in response (o ault'quulc treat-
ment with intravenos plucose if hypoglyeemia
dlone s responsie, Cornblath and colleagues
have suggested tha (e Whipple triad be fultilled:
(1) a low hlood lucos coneentration, (2) signs
cOmIBtENt with neanagyl hypoglycemia, and (3)
resolution of SIS andd sYIpoms alter restoring
bload ghlt'nsv coneentrations o norial values.

MANAGEMENT

The Plasima ylucose concentration at which
Mitervention s indicated weeds 1o be tailored
to the climeal sitution angd he particular




characteristics of the infant. The AAP clinical
report on postnatal glucose homeostasis applics
to the first 24 hours after birth. It considers symp-
toms, mode of feeding, risk factors, and hours of
age in a pragmatic approach for these infants.
Immediate intravenous glucose treatment might
be instituted for an infant with clinical signs and
a plasma glucose <40 mg/dL, whereas an at-risk
but asymptomatic term formula-fed infant with
the same value may only require an increased
frequency of feeding and would receive intrave-
nous glucose only if the glucose values decreased
to <25 mg/dL (birth to 4 hours of age) or 35 mg/
dL (4 to 24 hours of age) (Figure 4-8). Follow-
up ghucose concentrations and clinical evaluation
must be obtained to ensure that postnatal glu-
cose homeostasis is achieved and maintained.

All strategies for the management of neo-
natal hypoglycemia should be based on the
infant’s glucose concentration, its trend over
time, response to enteral feedings, and clinical
signs and symptoms. Because severe, prolonged,
symptomatic hypoglycemia may result in neuro-
nal injury, prompt intervention is necessary for
infants who manifest clinical signs and symp-
toms. A reasonable (although arbitrary) cutoff
for treating symptomatic infants is 40 mg/dL.
This value is higher than the physiologic nadir
and higher than concentrations usually associ-
ated with clinical signs (Figure 4-8). If the deci-
sion is to treat, a plasma sample must be sent to
the laboratory just before giving the intravenous
minibolus of glucose (200 mg/k of glucose per
kg, 2 mL/kg dextrose 10% in water, D1IOW,
intravenously) and/or starting a continuous infu-
sion of glucose (D1OW at 80 to 100 mL/k/d).
A reasonable goal is to maintain plasma glucose
concentration in symptomatic infants between
40 and 50 mg/dL (Figure 4-8).

This algorithm (Figure 4-8) is based on the fol-
lowing observations from Cornblath and Ichord:
(1) Almost all infants with proven symptomatic
neonatal hypoglycemia during the first hours of
life have plasma glucose concentrations lower than
20 to 25 mg/dL; (2) persistent or recurrent neona-
tal hypoglycemia syndromes present with equally
low plasma glucose concentrations; and (3) little
or no evidence exists to indicate that asymptom-
atic neonatal hypoglycemia at any concentration
of plasma glucose in the first days of life results in
any adverse scquelae in growth or development.

Figure 4-8 is divided into two time periods
(birth to 4 hours and 4 to 24 hours) and accounts
for the changing values of glucose that occur over
the first 24 hours after birth. The recommended
values for intervention are intended to provide a
margin of safety over concentrations of glucose
associated with clinical signs. The intervention
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recommendations also provide a range of values
over which the clinician can decide to refeed or
provide intravenous glucose. The target plasma
glucose is >45 mg/dL before each feeding. At-
risk infants should be fed by 1 hour of age and
screenced 30 minutes after the feeding. The ini-
tial feeding recommendation is consistent with
that of the World Health Organization. For
infants who are able to tolerate enteral feeds,
increasing feeding volume should be the first
strategy for actionable thresholds. Milk contains
nearly twice the amount of energy as an equiva-
lent volume of 10% dextrose, and breast milk in
particular promotes ketogenesis. Gavage feeding
may be considered in infants who are not nip-
pling well. Glucose screening should continue
for 12 hours of age for infants born to mothers
with diabetes and those who are large for gesta-
tional age and maintain plasma glucose >40 mg/
dL. Late-preterm and infants who are small for
gestational age require glucose monitoring for at
least 24 hours after birth, because they are more
vulnerable to low glucose concentrations, espe-
cially if regular feedings or intravenous fluids are
not yet established (Figure 4-8).

If inadequate postnatal glucose homeostasis is
documented, the clinician must be certain that
the infant can maintain normal plasma glucose
concentrations on a routine diet for a reasonably
extended period (through at least three feed—fast
periods) before discharge.

It is recommended that the at-risk asymptom-
atic infants who have glucose concentradons <25
mg/dL (birth to 4 hours of age) or <35 mg/dL (4 o
24 hours of age) be refed and that the glucose value
be rechecked 1 hour after refeeding. Subsequent
concentrations, <25 mg/dL, or lower than 35 mg/
dL, respectively, after attempts to refeed, neces-
sitate treatment with intravenous glucose (Figure
4-8). Persistent hypoglycemia can be treated with
a minibolus (200 mg/k, 2 mL/k D10W) and/or
intravenous infusion of D10W at § to 8 mL/k per
minute, 80 to 100 mL/k/d; the goal is to achieve
a plasma glucose concentration >40 to 50 mg/dL
(higher concentrations will only stimulate further
insulin secretion). Plasma glucose concentradon
should be checked 30 minutes after the minibolus
or glucose infusion, then every 1 to 2 hours unal
stable and in the normal range. It a subsequent
value falls in the treanment range, the bolus can be
repeated and the infusion rate increased by 10%
to 15%. In some cases, it may require as much
as 12 to 15 mg/k/min of intravenous glicose to
nuaintain normoglycemia. In such cases, it may
be necessary to place an umbilical venous cath-
eter or peripheral central venous catheter to allow
administration of intravenous solution with dex-
trose concentration greater than 12.5%. If it is not
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possible to maintain blood glucose conc§n®0<21}
of >45 mg/dL after 24 hours of using this .I':lte o
glucose infusion, consideration should be given he
the possibility of hyperinsulinemia, which is
most common cause of severe persistent hypog]_\’-
cernia in the newborn period.

CASE STUDY 5

A 32-year-old gravida 2 is delivered by cesarean
section because of failure to progress. Fetal macro-
somia was suspected during the pregnancy. Apgars
were 6, 7, and 8 at 1, 5, and 10 minutes respec-
tively. The infant's birthweight was 4.6 kg. The
infant was breastfed in the delivery room and was
screened with a bedside glucose determination 30
minutes after the feeding and the result was 15 mg/
dL. A plasma glucose concentration performed at
the same time by the laboratory was 18 mg/dL. The
Infant remained asymptomatic and was breastfed
again. One hour later the next bedside screen was
20 mg/dL and the labora tory value was 23 mg/dL.

EXERCISE 5
QUESTIONS
1. What would you do next?

2. What diagnosis are You most concerned about?

ANSWERS

1. The infant should receive intravenous glucose
because the level has remained <25 mg/dL
despite two feedings.

2. Macrosomia suggests hyperinsulinism.

CASE STUDY 5 (continued)

A minibolus is given and this is followed by an infu-
sion of 5 mg/k/min after the second bedside glu-
cose value of 20 mg/dL. The infant is rescreened
with bedside glucose measurements and plasma
glucose levels; and despite advancing glucose
infusion rate to 16 mg/kg/min, the plasma glucose
levels never exceed 40 mg/dl. and at 24 hours of
age the infant has a seizure. The mother reveals
that her previous child had a similar course to this
one.

WHEN ARE FURTHER
INVESTIGATIONS REQUIRED?

Infants with persistent hypoglycemia or those
with inadequate responses to treatment nced
further evaluation. Recurrent or persistent

"TABLE4-2 Causes of Recurrent o
Persistent Hypoglycemia

Hormone Deficiences \

Anterior pim

Multiple endo- ! pit
crine deficiency aplagia
or congenital Congenital optic nerye
hypopituitarism hypoplasia
Primary endocrine lsolat_et_:l growth hOfmone
deficiency deficiency
Adrenogenital syndrome
Adrenal hemorrhage
Hormone Beckwith-Wiedemann
excess with syndrome

Hereditary defects of pan-
creatic islet cells

Glycogen storage disease

Fructose intolerance

Galactosemia

Glycogen synthase
deficiency

Fructose, 1-6 diphospha-
tase deficiency

Maple syrup urine disease

Propiionic acidemia

Methylmalonic acidemia

Tyrosinosis

3-OH-3 methyl glutaryl
COA lyse deficiency

Acyl CoA dehydrogenase—
medium, long chain

Deficiency

Mitochondrial B-oxidation
and degradation defects

hyperinsulinism

Hereditary deficits
in carbohydrate
metabolism

Hereditary deficits
in amino acid
metabolism

Hereditary defects
in fatty acid
metabolism

From Comblf'ath M, Ichord R: Hypoglycemia in the neo-
nate, Semin Perinatol 24:145, 2000.

hypoglycemia (Table 4-2) is defined as condi-
tons that: (1) require infusions of large amounts
of glucose (>12 to 16 mg/k/min) to maintain
normoglycemia or (2) persist or recur beyond
the first 7 to 14 days of ljfe. These infants require
specific diagnostic determinations as well as a
rapid prml of therapeutic~diagnostic agents to
ctermine cause an( therapy. Table 4-2 shows
a brief list of these syndromes, Hyperinsulin-
ism, l.1yp0pituit-.1rism, and fatty acid oxida-
tion disorders are probably the most common
of these rather uncommon causes of neonatal
hypoglycemia, ‘
An un(lerlying metabolic or hormonal etiol-
ogy should be suspected when the hypoglycemia
is of unusual Severity or aceurs in an otherwise
l()}v—rlsk infant, Some clues to g possible under-
lying mct:llmlic-hnrmonul disorder include:

* Symptomatic hypoglycemia in a healthy,
well grown tepm infang

* Tlypoglycemia with seizures or abnormali-
ties of consciousness

® Persistent or recurrent hypoglycemia



* Hypoglycemia in association with other
abnormalities (midline defects, micropenis,
exophrhalmo_s, labile thermoregulation)

* Hypoglycemia requiring >10 mg/kg/min of
glucose

* Family history of sudden infant deaths or
developmental delay

CONCLUSION

Current evidence does not support a specific con-
centration of glucose that can discriminate eug-
lycemia from hypoglycemia or can predict the
acute or chronic irreversible neurologic damage
that will result. Once observed, a significantly
low concentration of glucose in the plasma of an
at-risk asymptomatic infant should be confirmed
and treated to restore glucose values to a normal
physiologic range. Recognizing infants at risk of
disturbances in postnatal glucose homeostasis
and providing a margin of safety by early mea-
sures to prevent (feeding) and treat (feeding and
intravenous glucose infusion) are the goals of
management.
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