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Abstract

Hypoglycemia is one of the most important and most common meta-
bolic problems of the newborn because it poses a risk of neurological
injury, if it is prolonged and recurs. Therefore, newborns who carry a risk
of hypoglycemia should be fed immediately after delivery and the blood
glucose level should be measured with intervals of 2-3 hours from the
30" minute after feeding. The threshold value for hypoglycemia is 40
mg/dL for the first 24 hours in symptomatic babies. In asymptomatic ba-
bies, this value is considered 25 mg/dL for 0-4 hours, 35 mg/dl for 4-24
hours, 50 mg/dL after 24 hours and 60 mg/dL after 48 hours. Screening
should be performed with bed-side test sticks. When values near the limit
value are obtained, confirmation with laboratory method should be done
and treatment should be initiated, if necessary. The level targeted with
treatment is considered 50 mg/dL in the postnatal first 48 hours before
feeding, 60 mg/dL after 48 hours in babies with high risk and above 70
mg/dL in babies with permanent hypoglycemia. In cases in which the
blood glucose level is below the threshold value and can not be increased
by feeding, a glucose infusion of 6-8 mg/kg/min should be initiated.
If symptoms accompany, a mini bolus of 10% dextrose (2 ml/kg/min)
should accompany. Incements (2 mg/kg/min) should be performed, if the
target level can not be achieved and decrements (2 ml/kg/ min) should be
performed, if nutrition and stabilization is provided. The infusion should
be discontinued, if the infusion rate decreases to 3-5 mg/ kg/min. If nec-

Oz

Hipoglisemi, uzun siirmesi ve tekrarlamas: durumunda nérolojik
zedelenme riski nedeniyle, yenidoganin en énemli ve en stk me-
tabolik sorunlarindan birisidir. Bu nedenle, hipoglisemi riski tas:-
yan yenidoganlar, dogum sonras1 hemen beslenmeli ve beslenme
sonrast 30. dakikadan itibaren 2-3 saat araliklarla kan glukozuna
bakilmalidir. Hipoglisemi esik degerleri, ilk 24 saat icin belirtisi
olanlarda 40 mg/dL, belirtisiz olanlarda O - 4 saatte 25 mg/dL, 4-24
saat arah@inda 35 mg/dL, 24 saatten sonra 50 mg/ dL, 48 saatten
sonra ise 60 mg/dL olarak kabul edilebilir. Tarama hastabag: test
cubuklari ile yapilmali, sinira yakin degerlerde, laboratuvar yontemi
ile dogrulama yapilirken, gerekliyse tedavi baglanmalidir. Tedavi ile
ulasilmas: hedeflenen diizeyler, beslenme éncesi postnatal ilk 48 sa-
atte 50 mg/dL, 48 saatten sonra riskli olanlarda 60 mg/dL, kalic1 hi-
poglisemili olgularda ise 70 mg/dL'nin iistii olarak kabul edilebilir.
Kan glukozu esik degerin altinda olan ve beslenme ile yiikseltileme-
yen durumlarda, 6-8 mg/kg/dk glukoz infiizyonu baglanmali, belirti
eslik etmesi durumunda ise 2 ml/kg %10 dekstroz minibolus eslik
etmelidir. Hedef diizeye ulasilamamas: durumunda artiglar ve bes-
lenme ile stabilizasyonun saglanmas: durumunda azaltmalar 2 mg/
kg/dk olarak yapilmali, infiizyon hizimin 3-5 mg/kg/dk’ye inmesi
durumunda ise infiizyon sonlandirilmalidir. Gerekliyse ayirici tan
agisindan kan érnekleri hipoglisemi sirasinda alinmali ve arastirma,
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essary, blood samples should be obtained during hypoglycemia in terms
of differential diagnosis and the investigation should be performed fol-
lowing a 6-hour fasting period in babies fed enterally and at any time
when the plasma glucose is <50 mg/dL in babies receiving parenteral in-
fusion. The hypoglycemic babies in the risk group whose infusions have
been terminated can be discharged, if the plasma glucose level is found
to be at the target level for two times before feeding and babies with
permanent, severe or resistant hypoglycemia can be discharged, if the
plasma glucose level is >60 mg/dL following a 6-hour fast.

Keywords: Glucose, hypoglycemia, infusion, newborn

The frequency and importance of neonatal hypoglycemia
Hypoglycemia is one of the most common metabolic
problems of the newborn. In most healthy newborns, a
reduction in the blood glucose level due to the process
of metabolic adaptation is observed in the first hours
of life (1). Newborns at risk for hypoglycemia should be
screened because risk of cerebral injury occurs if this con-
dition, which can be compensated in healthy newborns
with having adequate endogenous sources, prolongs or
recurs (2, 3).

The frequency of hypoglycemia may vary by the group
screened, the measurement method, and the threshold
value used. For example, the frequency increases to 80%
in large-for-gestational-age (LGA) babies at different hy-
poglycemia values (4). Therefore, screening of babies who
carry a risk is important. In addition, currently, the fre-
quency has increased because of reasons including prob-
lems related to gestational diabetes screening, increase
in late preterm and early term deliveries, preference for
cesarean section, and delayed breastfeeding.

Fetal glucose metabolism

In fetal life, glucose is derived from the mother and is
transferred from the placenta by way of facilitated diffu-
sion. The plasma glucose concentration is generally 70-
80% of the maternal venous plasma glucose level. The
mean glucose use is approximately 4-6 mg/kg/min in
term babies and about 8-9 mg/kg/min in fetuses in the
early gestational weeks and in preterm babies (5). Insulin
and glucagon do not cross the placenta. The fetal insulin
levels increase towards term and the glucagon level stays
low. In fetal life, an increased insulin/glucagon ratio sup-
presses lipolysis and leads to glycogen storage and glyco-
gen stores become sufficient in the 3 trimester. Gluco-
neogenesis and glycogenolysis are inactive unless severe
fasting develops in the mother. Insulin is involved in
growth rather than glucose metabolism in fetal life.

Postnatal glucose metabolism
With birth, transition to intermittent enteral feeding and
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enteral beslenen bebeklerde 6 saatlik beslenmeme periyodu son-
rasinda, parenteral infiizyon alanlarda ise plazma glukozunun <50
mg/dL oldugu herhangi bir zamanda yapilir. Infiizyonlari sonlandi-
rilan riskli gruptaki hipoglisemik bebekler, plazma glukoz diizeyleri
beslenme oncesi iki kez hedef diizeylerde saptanmasi durumunda,
kalici, ciddi ya da direngli hipoglisemili bebekler ise, plazma glukoz
diizeyleri 6 saatlik aclik sonras: >60 mg/dL olmasi durumunda ta-
burcu edilebilirler.

Anahtar sézciikler: Glukoz, hipoglisemi, infiizyon, yenidogan

a change in the energy source occur instead of glucose
being provided from the mother in intrauterine life. After
delivery, insulin is suppressed and glucagon and epi-
nephrine increase. Thus, glucose secretion from glyco-
gen and stimulation of enzymes for gluconeogenesis
are provided. The body tries to keep the blood glucose
level constant by way of activated gluconeogenesis (glu-
cose synthesis from lactate, glycerol, and amino acids). If
early feeding is enabled, glycogenolysis and gluconeo-
genesis are not required. If feeding cannot be provided,
glycogenolysis activated, but the stores are depleted at the
end of a 6-12-hour period.

Ketone bodies are alternative energy sources in the new-
born and the brain can use ketone bodies as fuel. This is
important in terms of protection of neurologic functions.
Blood glucose levels are lower and the rate of ketone bod-
ies is higher in babies who are breastfed compared with
babies who are fed with formula (6). In preterm babies,
the gluconeogenesis and ketogenesis pathways are rela-
tively immature in addition to the insufficient glycogen
and fat stores.

Transient neonatal hypoglycemia

With clamping of the umbilical cord, glucose transfer is
discontinued, but suppression of insulin cannot be pro-
vided fully. The reason for this is the fact that the glucose
level required to suppress insulin secretion is lower in
newborns. Fetal insulin, which continues to be secreted,
causes a reduction in blood glucose in the first hours of
life. In healthy newborns, the blood glucose value reaches
its lowest levels in the 27 hour after birth. It may take 2-3
days (frequently, 24-48 hours) for the blood glucose value
to reach normal levels (70-100 mg/dL); this is known as
transient neonatal hypoglycemia (7). Transient neonatal
hypoglycemia is hypoketotic hypoglycemia because sup-
pressed insulin also prevents the formation of ketone
bodies (8, 9). Transient hypoglycemia can be compen-
sated by way of endogenous sources in healthy and well-
nourished newborns and hypoglycemia screening is not
needed in these newborns.
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Babies who are at risk for hypoglycemia and who
should be screened

These babies have a delayed normal metabolic adap-
tation process after birth and they may develop hypo-
glycemia. Causes belonging to the mother and baby are
helpful in defining these babies and these are called risk
factors.

Risk factors in neonatal hypoglycemia

+ Maternal risk factors
« Pregestational or gestational diabetes
» Preeclampsia/eclampsia, gestation-related hyper-
tension
« Medical treatment ((3-blockers, oral hypoglycemic
agents, f-agonist tocolytics, late antepartum and
intrapartum dextrose)

o Risk factors belonging to the baby

o Prematurity

« Intrauterine growth retardation

« LGA or small-for-gestational-age babies (low birth
weight for gestational week-SGA)

o Postmaturity

« Perinatal asphyxia, meconium aspiration syn-
drome (MAS)

« Infection

« DPolycythemia

» Hypothermia

« Drug usage (IV indomethacin)

« Immune hemolytic disease (Rh incompatibility)

« Congenital heart diseases

- Endocrine disorders

» Special feature on physical examination findings

» History of sibling with hypoglycemia

« Malnutrition

Screening time and period in babies at risk

In babies who are at risk, 80% of hypoglycemias were
observed in the first 24 hours and 19% were observed
in the first 24-48 hours. In 37% of these babies, a hypo-
glycemia attack was found subsequently, although the
first three measurements were found to be normal (10).
It has been reported that a single blood sample may be
sufficient to exclude subsequent hypoglycemia in 50%
of LGA babies, which means that the initial values are
more valuable in predicting hypoglycemia, whereas
early glucose levels are less reliable in predicting sub-
sequent hypoglycemia in SGA babies (11). Low sensitiv-
ity and specificity of the initial measurements in terms
of hypoglycemia suggest that the initial blood glucose
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Table 1. Management protocol (AAP) in the first 24 hours
in newborns at risk of hypoglycemia (late preterm, term
SGA, infant of diabetic mother, LGA above 34 weeks) (12)
Screening and Treatment for Postnatal Glucose Homeostasis

in Late Preterm, Term SGA, Infant of Diabetic Mother and
LGA Newborns

Late preterm (34-36 6/7) and SGA newborns (screening 0-24 hours)
Infants of Diabetic Mothers and LGA (>34 weeks) newborns (screening 0-12 hours)

Symptomatic and <40 mg/dL — IV glucose

ASYMPTOMATIC

0-4 hours 4-24 hours

Continue feeding with
intervals of 2-3 hours

Measure blood glucose
before each feeding

FEED IN THE FIRST HOUR
Measure blood glucose 30
minutes after first feeding

Initial blood glucose

<25 mg/dL Blood glucose <35 mg/dL

Feed and check in one hour Feed and check in one hour

25-40 mg/dL 35-45 mg/dL
<25 mg/dL ! <35 mg/dL !
! Feed again/ ! Feed again/
IV glucose* | IV glucose if|  |IV glucose*| [IV glucose if|
needed needed

Target blood glucose before routine feeding >45 mg/dL
*Blood glucose =200 mg/kg (2 mL/kg 10% dextrose) and/
or infusion rate 5-8 mg/kg/min
(80-100 mg/kg/day). Reach a blood glucose level of 40-50 mg/dL

Symptoms: Irritability, tremor, jitteriness, exaggerated Moro
reflex, high-pitched cry, convulsion, hypotonia, lethargy,
cyanosis, apnea, feeding difficulty

Original table should be added (ref. 12)

levels, which are normal initially, may decrease subse-
quently in SGA babies and therefore, screening should
be continued for a longer period.

In a baby who has been fed in the first hour after birth,
the blood glucose level should be measured 30 minutes
later and one should comply with the recommendations
of the American Academy of Pediatrics (AAP) (Table 1) (12).
If normoglycemic values are obtained, the measurement
should be repeated with intervals of 2-3 hours before
feeding. Screening can be terminated if the values ob-
tained in a screening time of 12 hours are normal in LGA
babies and if the values obtained in a screening time of 24
hours are normal in SGA babies.
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Methods of glucose measurement and influencing factors
Bedside test strips can be used with the objective of
screening hypoglycemia in babies at risk. In the bed-
side glucose measurement test, the peroxidase method
is used frequently. This method is inexpensive and prac-
tical, but shows a marked difference compared with the
actual blood glucose levels and is not reliable, especially
at low glucose concentrations (13). If the peroxidase
method has been performed using bedside test strips
for screening, the diagnosis should be confirmed with a
measurement performed with glucose oxidase, dehydro-
genase or hexokinase methods in the laboratory when
values close to the threshold value are obtained. How-
ever, treatment should be initiated immediately without
waiting for the test result after sending a blood sample
to the laboratory if the level measured in screening is
at the threshold value for treatment. The hexokinase
method is the gold standard in the diagnosis of hypo-
glycemia, but it is not applicable as a screening method
because of its long process time. A faster result can be
obtained with the oxidase method, but there should be
no problem related to oxygenation in the baby in order
to use this measurement method. The disadvantages for
this method include blood loss, which may occur as a
result of obtaining blood, the need for repeating blood
sampling, and repeated sampling.

It should be stated from which site the blood sample was
taken because the site of blood sampling may also affect
the result as well as the measurement method. For ex-
ample, whole blood glucose levels are 10-15% lower com-
pared with plasma glucose levels. Glucose concentrations
in arterial blood samples are slightly higher compared
with venous and capillary blood samples. The presence of
capillary stasis and alcohol applied to the skin also affect
the result in addition to increased hematocrit, bilirubin,
and triglycerides in the blood. Warming the heel before
blood sampling eliminates the possibility of obtaining
lower venous glucose concentrations because of stasis
and facilitates the procedure of blood sampling. In addi-
tion, it should be kept in mind that the glucose level may
reduce in relation to metabolization of glucose by the
erythrocytes in the sample if whole blood is kept at room
temperature. Although the reduction rate is frequently
accepted to be 5-6 mg/dL/hour, it has been reported that
it may increase up to 20 mg/dL/hour (13, 14). In order to
prevent this, samples should be placed in tubes contain-
ing fluoride or kept in ice if they are not going to be stud-
ied immediately.

Continuous subcutaneous glucose monitoring systems
can be used with the objective of reducing the number of
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blood sampling procedures in very small preterms, espe-
cially under intensive care conditions (15, 16). It provides
more detailed information by showing real-time variance
trends in the blood glucose. Its disadvantages include low
reliability at low blood glucose levels and the need for cal-
ibration four times daily.

Causes in neonatal hypoglycemia

In newborns, hypoglycemia has two main causes; reduc-
tion in glucose production or an increase in glucose con-
sumption. The reduction in glucose production is related
to limited glycogen stores and insufficient gluconeo-
genesis. Increased consumption is related to increased
insulin or anaerobic glycolysis. In some cases, multiple
mechanisms may be involved. For example, an increase
in glucose requirement may be involved because of alow
gluconeogenic rate, perinatal hypoxia, and relatively large
brain in addition to an increase in glycogen consumption
in hypoglycemia observed in intrauterine growth retar-
dation (IUGR).

In newborns, an increase in insulin may be responsible
for hypoglycemia in transient hypoglycemia as well as
permanent hypoglycemia, especially in SGA babies (7).
The frequency of hyperinsulinemia in SGA babies with
hypoglycemia ranges between 10% and 94% (17). The fre-
quency of hyperinsulinemia in permanent hypoglycemia
varies from country to country (between 1/2500 and
1/50,000) (18). Although the exact frequency in our coun-
try is not known, a higher frequency may be expected be-
cause the frequency of consanguineous marriage is about
20-25%.

Symptoms of hypoglycemia in newborns
Hypoglycemic newborns are frequently asymptomatic.
Associated symptoms are mostly related to neurogly-
copenia and autonomic nervous system activation and
screening and immediate treatment of hypoglycemia in
symptomatic babies is important in terms of preventing a
neurologic injury process because the presence of symp-
toms may indicate poor neurodevelopmental prognosis.
However, most newborns stay asymptomatic with very
low blood glucose levels, while some others may be symp-
tomatic with similar or higher blood glucose levels when
compared with asymptomatic babies. In preterm babies,
symptoms may not be observed or may be masked. In
addition, the fact that symptoms are not specific for hypo-
glycemia renders association with hypoglycemia difficult.
When evaluating if symptoms are associated with hypo-
glycemia, disappearance of symptoms when the blood
glucose is normalized may be helpful and this is named
the Whipple triad (19).
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Hypoglycemia symptoms

o Lethargy

o Irritability

o Jitteriness

« Coma, convulsion, hypotonia
« Poor suck

o Tachypnea

« Apnea

« Bradycardia

o Cyanosis

« Paleness

« Hypothermia

« A high-pitched voice cry

« Abnormal eye movements

Relationship between the presence of symptoms and
hypoglycemic injury

Hypoglycemia is not manifested clinically if alternative
sources can be used immediately after the blood glucose
is reduced. This stage is called the appropriate meta-
bolic adaptation and biochemical hypoglycemia stage (1
stage). If the blood glucose is not corrected, non-specific
findings including lethargy and irritability occur because
alternative sources will be consumed. At this stage meta-
bolic adaptation is impaired (2™ stage) and permanent
damage does not occur if intervention can be performed.
However, at the 3 stage in which metabolic adaptation
does not exist, severe clinical findings including coma
and convulsion occur if hypoglycemia continues (20). In
conclusion, presence of neurologic symptoms in a hypo-
glycemic newborn shows that metabolic adaptation can-
not be provided and there is a potential for injury. There-
fore, hypoglycemia in symptomatic newborns should be
corrected rapidly.

In a study in which the relation of presence of symptoms
with neurodevelopmental outcomes was investigated,
hemorrhage and infarction were found with a rate of 94%
(48% cortical, 42% basal ganglia) on magnetic resonance
imaging (MRI) performed on the 8" day in symptomatic
term babies 60% of whom had symptomatic transient
hypoglycemia. Impairment of cognitive functions and an
increased frequency of epilepsy were observed at the age
of two years in 65% of the subjects (21).

Relationship of hypoglycemia with neurodevelopmen-
tal disorder

Glucose is an essential fuel for brain metabolism. Many
mechanisms including changes in cellular energy char-
acteristics, activation of N-methyl-D-aspartate (NMDA)
receptors, increased production of free radicals, and
apoptosis have been proposed to be involved in cellular
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injury triggered by hypoglycemia (21, 22). However, hypo-
glycemic cerebral injury should be addressed as a multi-
factorial condition. These factors include cerebral blood
flow, cerebral glucose use, and the presence of alterna-
tive substrates including lactate and ketone (5, 12, 21, 23,
24). Therefore, hypoglycemia may cause greater harm in
conditions including hypoxic ischemic encephalopathy in
which cerebral blood flow and glucose supply decrease.
In favor of this, low pH in the cord blood, application
of resuscitation, intubation, and low Apgar score in hy-
poglycemic babies have been defined as independent
variables in terms of poor neurologic outcomes (25). In
addition, there are studies supporting that hypoglycemia
accompanying neonatal encephalopathy contributes to
poor motor and cognitive outcomes (26, 27). It has been
reported that maturation and growth status might also
be effective in terms of outcomes, as well as prolonged
or recurrent hypoglycemia (2, 3, 28). In a study conducted
with 661 preterm babies with a gestational age below 32
weeks, the period of hypoglycemia and recurring hypo-
glycemia (<47 mg/dL) showed a strong correlation with
reduced motor and mental development scores in the 18%
month when other confounding factors were corrected
(2). Less severe, but recurring hypoglycemia attacks may
be more important compared with a severe and single
hypoglycemic attack in terms of long-term negative ef-
fects. Developmental scores were found to be lower at the
age of 3.5 and 5 years in babies who had recurrent hypo-
glycemia in the neonatal period when compared with ba-
bies who had a single and severe hypoglycemic attack (3).
In the LOLLIPOP study, factors that influenced outcomes
in hypoglycemic preterm babies who had a gestational
age of 32-36 weeks were investigated and it was shown
that hypoglycemia in the neonatal period was associated
with delayed development at the age of four years; the ef-
fective factors in the multiple variance analysis included
hypoglycemia and SGA, and hypoglycemia was still effec-
tive when SGA was excluded (28).

However, the relationship between hypoglycemia level
and injury risk is still not clearly understood. In one study,
the newborns born between 1990 and 1991 with a ges-
tational age below 32 weeks whose hypoglycemia lasted
for three days or longer (<45 mg/dL) were compared with
the babies matched in terms of hospital care, gestational
age, and birth weight who did not have hypoglycemia at
the age of 2 and 15 years and no difference was found
between the two groups in terms of developmental and
physical disability (29). In another large-scale study in-
volving preterm, late preterm, and term babies published
recently, it was reported that academic performance at
the age of 10 years was poorer in babies who had early
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transient hypoglycemia compared with normoglycemic
babies when perinatal factors were adjusted (30).

Management of hypoglycemic newborn

The Endocrine Society recommends that the blood glu-
cose level should be maintained in the first 48 hours and
etiologic investigations should be performed later be-
cause it would be difficult to differentiate neonatal tran-
sient hypoglycemia, which is frequently observed in the
first 48 hours and does not require investigation, from
non-transient hypoglycemia, which requires further in-
vestigations and treatment (7). Therefore, management
in the first 48 hours in babies at risk should involve early
feeding (especially breastfeeding) and close monitoring
in terms of hypoglycemia symptoms. Early feeding in
the first hours of life enables appropriate maintenance
of blood glucose during transfer from the fetal period
to the neonatal period, and recognition of symptoms is
essential for injury prevention with appropriate inter-
ventions.

Although the amount and carbohydrate content of the
colostrum secreted in the first days of life is limited, its
fat content is high and ketones are formed through de-
molition of fatty acids contained in the colostrum. Ke-
tones are an alternative fuel for the neonatal brain during
fasting or hypoglycemia and protects the brain from the
harms of hypoglycemia. In a study in which metabolic
adaptation responses in the first weeks of life were com-
pared between term babies and preterm babies with a
gestational age of 31 weeks, it was shown that the concen-
trations of ketone bodies were lower in preterm babies
compared with term babies (31). When babies who were
breastfed were compared with babies who were fed with
formula in this study, it was found that the blood glucose
level was lower in babies who were breastfed, but ketone
bodies showed a negative correlation with blood glucose.
This correlation is prominent on the 2°¢ and 3" days of
life; in this period, which is critical in terms of hypo-
glycemia, breastfeeding is more appropriate in terms of
metabolic adaptation of the newborn. Therefore, special
effort should be made to enable early feeding and breast-
feeding in all babies independent of the presence of the
risk for hypoglycemia.

In the early postnatal period, babies should be protected
against the harmful effects of hypoglycemia as well as un-
necessary investigations and treatment. It may cause to
separate the baby from the mother with an unnecessary
evaluation and this may cause disruption of adaptation
that could be provided with breastmilk, changing to for-
mula feeding, opening vascular access, and unnecessary
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hospitalization of the baby. In a Cochrane meta-analysis
in which two studies were evaluated, it was reported that
use of 40% dextrose gel in the treatment of newborns
with hypoglycemia prevented separation of the baby
from the mother, and when compared with placebo gel,
increased the rate of breastfeeding after discharge (32).
Evidence related to its adverse effects in the neonatal
period or at the adjusted age of two years has not been
found and it has been reported that it might be recom-
mended for the first-line treatment of hypoglycemia (33).
However, it is not yet available in Turkey. The therapeutic
efficacy and preventive efficiency of the use of dextrose
gel was investigated and it was shown that its use in the
first hour after birth in babies at risk (0.5 mL/kg or 200
mg/kg) prevented neonatal hypoglycemia and intensive
care unit admissions (34, 35).

Operational threshold value and target values which
are desired to be achieved with treatment

In recent years, the phenomenon of the “operational
threshold value” has been emphasized in relation with
hypoglycemia treatment (1). The operational threshold
value is defined as the whole blood or plasma glucose
concentration at which intervention should be performed
because of the possibility of neurologic injury in view of
the present evidence, and this value is somewhere be-
tween the level that is thought to lead to organ injury and
the target level desired. The operational threshold value
is a value used to determine the need for intervention.
It has no diagnostic importance, nor is it predictive for
negative neurologic sequelae.

The definition of clinically important hypoglycemia con-
tinues to be one of the most complicated and controver-
sial issues in newborns (1). Although there is no consensus,
a threshold value of 47 mg/dL has been widely accepted.
In a prospective cohort study (the CHYLD study), it was
reported that keeping the blood glucose level above 47
mg/dL in hypoglycemic (blood glucose <47 mg/dL) term
and late preterm babies (n=216) did not lead to neurode-
velopmental impairment at the age of two years (36).

However, it is also not clear at which value neurologic
injury and permanent brain damage can develop and
which method is the best. A consensus related with the
definition of neonatal hypoglycemia has not been made,
either (37). Evidence has been obtained from cohort and
case control studies and this decreases the strength of
the evidence.

It is not possible to apply a single threshold value for all
babies (38). As mentioned before, it may vary depending
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on individual values, adaptation response, contributing
factors, and underlying pathologies. However, in light of
current information, each neonatal intensive care unit
must have an management and treatment protocol speci-
fied for babies with a risk of hypoglycemia and for babies
with permanent hypoglycemia. This protocol should also
include operational threshold values and target values.
The recommendations of the AAP and the Pediatric En-
docrinology Society (PES) may be considered in specify-
ing this protocol (9, 12).

The recommendations of the AAP for the threshold and
target values in the first 24 hours for babies at risk are
shown in the table below (Table 1). As can be seen in the
table, the management and the threshold and target val-
ues used in treatment in the first 24 hours for babies at risk
vary depending on the presence or absence of symptoms.
The operational threshold value in the first 24 hours is 40
mg/dL if the baby is symptomatic, whereas it is 25 mg/dL
in the first 4 hours and 35 mg/dL between the 4 and 24
hours if the baby is asymptomatic. The AAP recommends
that babies at risk should be fed in the first 1 hour and
the blood glucose level should be measured 30 minutes
later; feeding should be repeated, if the blood glucose
level is below 25 mg/dL in the first measurement, and in-
travenous treatment should be initiated if the blood glu-
cose level is below 25 mg/dL in the second measurement.
Feeding should be repeated once again if the first mea-
surement shows a value between 25 and 40 mg/dL and
intravenous treatment should be initiated if it does not
increase on the follow-up measurement. In the postnatal
4-24 hours, it is recommended that feeding should be en-
abled with intervals of 2-3 hours, and feeding should be
repeated if the first measurement shows a value below 35
mg/dL before feeding; a follow-up measurement should
be performed in 1 hour and intravenous treatment should
be initiated if the follow-up measurements persist below
35 mg/dL. Feeding should be repeated if it is between 35
and 45 mg/dL and intravenous treatment should be initi-
ated if it persists at the same level.

Although the management of the AAP for the first 24
hours is specified in detail, it is only recommended that
the blood glucose level should be kept above 45 mg/dL
for babies aged 24-48 hours. According to the PES, stud-
ies conducted with children and adults have indicated a
neuroglycopenic threshold value of approximately 50 mg/
dL (in terms of brain function impairment) and the same
threshold value should be used independent of the post-
natal age because the condition may be similar in new-
borns. In light of these recommendations, the following
operational threshold and target values can be used in
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babies at risk of hypoglycemia and in babies with perma-
nent hypoglycemia.

Operational threshold values

« In asymptomatic babies, a blood glucose level of 25
mg/dL despite feeding in the postnatal 4 hours, 35 mg/
dL in the 4-24-hour interval and below 50 mg/dL after
the 24* hour.

+ In symptomatic babies, 40 mg/dL in the first 24 hours
and below 50 mg/dL after the 24" hour.

Target values (values desired to be achieved with treat-

ment):

« 50 mg/dLin the postnatal first 48 hours before feeding,
60 mg/dL after the 48" hour for babies at risk, above
70 mg/dL in patients with permanent hypoglycemia.

Intravenous treatment in hypoglycemia

Intravenous treatment should be initiated in subjects
with a blood glucose level below the threshold value and
in subjects in whom the blood glucose level cannot be el-
evated with feeding or in the presence of symptoms asso-
ciated with hypoglycemia. Even if intravenous treatment
is initiated, feeding should not be omitted and it should
be kept in mind that enteral nutrition could enable a
more balanced increase in blood glucose levels. Although
follow-up measurements following treatment initiation
or adjustment of treatment can be performed with bed-
side measurement method (whole blood glucose), mea-
surements should be confirmed with laboratory methods
when a treatment decision or treatment adjustment is
required. It should be stated what method was used for
measurement.

In the presence of symptoms, intravenous glucose treat-
ment is administered as a mini bolus of 10% dextrose at
a dose of 2 mL/kg (200 mg/kg) with the accompaniment
of an infusion of 6-8 mg/kg/min. If no symptoms accom-
pany, intravenous infusion alone is sufficient. The blood
glucose level should be measured 30 minutes after initi-
ation of intravenous treatment and it should be checked
if the target level has been reached. In a baby who receiv-
ing a glucose infusion, the glucose infusion rate should
be increased such that it is 2 mg/kg/min if no symptoms
accompany, but if the target level has not been achieved,
the measurement should be repeated 30 minutes later.
The glucose infusion rate should be increased by 2 mg/
kg/min each time until the target level is achieved. When
the target level is reached, the next measurement should
be performed 4-6 hours later (4 hours later if the baby is
fed with intervals of 2 hours; 6 hours later if the baby is
fed with intervals of 3 hours) and before feeding.
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Table 2. Drugs used in additional treatment

Neonatal and Pediatric Endocrinology and Diabetes Societies consensus report

Drug name Action Dosage Preference Adverse effect(s)
Glucagon Glycogenolysis 200 mcg/kg  Diagnosis of hyperinsulinism  Hyponatremia
(mcg/kg) 1 mg/day Platelet
Diazoxide Insulin 5-20 First-line option in treatment  Fluid load
(mg/kg) of hyperinsulinism Hirsutism

Nausea, vomiting
Octreotide (mcg/kg)  Insulin 5-10 Hyperinsulinism treatment Growth retardation
Hydrocortisone Peripheral glucose ~ 5-15 Adrenal failure Hypertension
(mg/kg) Gluconeogenesis Limited (1-2 days) use Slowdown in growth

Infusion should not be discontinued suddenly or should
not be reduced rapidly. If the blood glucose level is main-
tained about the target level at the infusion rate used, one
should begin to reduce the infusion rate by 2 mg/kg/min
in babies who can be fed. If the infusion rate is reduced,
the blood glucose level should be measured 30 minutes
later and if the level is at the target value, the measure-
ment should be repeated 4 or 6 hours later depending
on the feeding status. If the second measurement also
shows a value at about the target value, one should con-
tinue to reduce the infusion rate (by 2 mg/kg/min). In ba-
bies who can be fed, infusion can also be terminated if
the glucose infusion rate is reduced to 3-5 mg/kg/min.
Increments and decrements in the infusion rate should
be performed gradually as mentioned; rapid reductions
or discontinuation should be avoided. Babies can be dis-
charged if the plasma glucose levels measured with inter-
vals of 4-6 hours and 2 consecutive measurements before
feeding are found to be at target levels in hypoglycemic
babies in the risk group after the infusion is discontinued
and if the blood glucose levels are >60 mg/dL following a
6-hour fasting period in babies with permanent, severe or
prolonged hypoglycemia (7).

When should further investigations be performed in

hypoglycemia?

In presence of the following conditions, diagnostic in-

vestigations should be performed in terms of permanent

hypoglycemia. However, investigations should be per-

formed after the 48" hour.

o Inability to maintain the blood glucose level above 50
mg/dL in the first 48 hours and above 60 mg/dL after
48 hours

« Presence of severe, resistant or prolonged hypo-
glycemia

« DPositive familial history of congenital hypoglycemia

o Presence of dysmorphic findings (syndromic hypo-
glycemias)

Severe hypoglycemia: Hypoglycemia accompanied by
symptoms.

Resistant hypoglycemia: Hypoglycemia for which high
glucose infusion is needed. It is recommended to mea-
sure the insulin level if glucose requirement is above
8 mg/kg/min for 24 hours (39). If the requirement is at
higher levels, the performance of other investigations in
terms of differential diagnosis should be discussed.

Prolonged hypoglycemia: Prolonged hypoglycemia can
be defined as continuance of hypoglycemia after the 5-7%
day. Prolonged hypoglycemia may be transient or perma-
nent. In the transient type, hypoglycemia may last for a
long time but completely recovers subsequently. For ex-
ample, hypoglycemia observed in SGA babies may last for
months and additional treatment may be needed besides
glucose infusion, but it is transient (40, 41). Hypoglycemia
that lasts for a long time, that does not recover sponta-
neously and which requires additional treatment besides
intravenous glucose is named permanent hypoglycemia
(for example, cases of congenital hyperinsulinism). In
such cases, a differential diagnosis of hypoglycemia, and
a decision for additional treatment and follow-up of the
baby should be planned in collaboration with the division
of pediatric endocrinology. The list of drugs to be used, if
additional treatment is needed, is shown in the following
table (Table 2).

Syndromic hypoglycemias: Syndromic hypoglycemias
should be considered, if dysmorphic findings accompany
hypoglycemia. Some of these syndromes are listed below:

Beckwith-Wiedemann syndrome,
« Costello syndrome,

« Timothy syndrome,

« Kabuki make-up syndrome,

« Ondine syndrome.
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Hypoglycemia

‘ Insulin, ketone, bicarbonate, free FA ‘

Ketone |, Ketone |,

Free FA | Free FA 1 Lact;te f Keto+ne f
Genetic HI Fatty acid || Gluconeogenesis Glycogen
Hypopituitarism || oxidation defect storage
Transient defect disease GH
hypoglycemia deficiency
Perinatal HI Cortisol
deficiency

Figure 1. Diagnostic approach in nontransient hypo-
glycemia (9)
HI: hyperinsulinism; FA: fatty acids

Laboratory tests to be performed in terms of differen-
tial diagnosis and drugs used in additional treatment
Blood samples for laboratory tests to be performed in
terms of differential diagnosis should be obtained during
hypoglycemia. Blood sample can be obtained following
a 6-hour fasting period in babies who are being fed en-
terally and at any time when the plasma glucose level is
below 50 mg/dL in babies who are given parenteral glu-
cose infusion.

In the differential diagnosis, insulin, blood gases, lac-
tate and pyruvate levels, beta hydroxypiruvate and/or
acetoacetate levels, ammonia, plasma free fatty acids,
blood/urine amino acids, acylcarnitine levels, cortisol, C
peptide, and urinary organic acid levels are helpful in
addition to blood glucose. The Pediatric Endocrinology
Association’s flow chart for the diagnostic approach is
shown in Figure 1 (9). A genetic examination may be
needed additionally in permanent and syndromic hypo-
glycemias.

Conflict of Interest: No conflict of interest was declared
by the authors.

Financial Disclosure: The authors declared that this study
has received no financial support.

Cikar Catismasi: Yazarlar ¢ikar catigmasi bildirmemislerdir.

Mali Destek: Yazarlar bu calisma icin mali destek almadik-
larini beyan etmislerdir.

Turk Pediatri Ars 2018; 53(Suppl 1): S224-S233

References

L

10.

11

12.

13.

14.

15.

lé.

Cornblath M, Hawdon JM, Williams AF, et al. Contro-
versies regarding definition of neonatal hypoglycemia:
Suggested operational thresholds. Pediatrics 2000; 105:
1141-5.

Lucas A, Morley R, Cole TJ. Adverse neurodevelopmental
outcome of moderate neonatal hypoglycemia. BMJ 1988;
297: 1304-8.

Duvanel CB, Fawer CL, Cotting J, Hohlfeld P, Matthieu
JM. Longterm effects of neonatal hypoglycemia on brain
growth and psychomotor development in small-for-ges-
tational-age preterm infants. ] Pediatr 1999; 134: 492-8.
Brand PLP, Molenaar NLD, Kaaijk C, Wierenga WS. Neu-
rodevelopmental outcome of hypoglycaemia in healthy,
large for gestational age, term newborns. Arch Dis Child
2005; 90: 78-81.

Rozance PJ, Hay WW Jr. Describing hypoglycemia—defi-
nition or operational threshold? Early Hum Dev 2010; 86:
275-80.

Hawdon, JM, Ward Platt MP, Aynsley-Green A. Patterns
of metabolic adaptation in term and preterm infants in
the first postnatal week. Arch Dis Child 1992; 67: 357-65.
Stanley CA, Rozance PJ, Thornton PS, et al. Re-evaluating
“transitional neonatal hypoglycemia” mechanism and
implications for management. J Pediatr 2015; 166: 1520-5.
Adamkin DH. Metabolic screening and postnatal glu-
cose homeostasis in the newborn. Pediatr Clin North Am
2015; 62: 385-409.

Thornton PS, Stanley CA, DeLeon DD, et al. Recommen-
dations from the Pediatric Endocrine Society for evalu-
ation and management of persistent hypoglycemia in
neonates, infants, and children. J Pediatr 2015; 167: 238e45.
Harris DL, Weston PJ, Harding JE. Incidence of neona-
tal hypoglycemia in babies identified as at risk. ] Pediatr
2012; 161: 787-91.

Croke J, Sullivan M, Ryan-Drover A, Randell E, Andrews
W, Aziz K. Two hour blood glucose levels in at-risk babies:
An audit of Canadian guidelines. Paediatr Child Health
2009; 14: 238-44.

Adamkin DH. Postnatal glucose homeostasis in late-
preterm and term infants. Pediatrics 2011; 127: 575-9.
Devaskar SU, Garg M. Disorders of carbohydrate me-
tabolism in the neonate. Fanaroff and Martin’s neona-
tal-perinatal medicine: Diseases of the fetus and infant.
Martin JR, Fanaroff AA, Walsh MC, (eds). 10* ed. Philadel-
phia: Elsevier Saunders, 2015. p1437.

Rozance PJ. Pathogenesis, screening, and diagnosis of
neonatal hypoglycemia. UpToDate Sep 08, 2016.
Baumeister FA, Rolinski B, Busch R, Emmrich P. Glucose
monitoring with long-term subcutaneous microdialysis
in neonates. Pediatrics 2001; 108: 1187-92.

Beardsall K, Ogilvy-Stuart AL, Ahluwalia J, Thompson M,
Dunger DB. The continuous glucose monitoring sensor
in neonatal intensive care. Arch Dis Child Fetal Neonatal
Ed 2005; 90: F307-10.



Turk Pediatri Ars 2018; 53(Suppl 1): S224-S233

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Aliefendioglu, et al. Management of hypoglycemia in newborn: Turkish

Kumar J, Singh A. A brief review of hyperinsulinism in
small for gestational age infants. JMSCR 2017; 5: 15379-83.
Yorifuji T. Congenital hyperinsulinism: current status
and future perspectives. Ann Pediatr Endocrinol Metab
2014; 19: 57-68.

Whipple AO, Fratz DK. Adenoma of islet cells with hyper-
insulinism: a review. Ann Surg 1935; 101: 1299-310.
Hawdon JM. Neonatal hypoglycemia: Are evidence-
based clinical guidelines achievable? NeoReviews 2014;
15: €91-8.

Burns CM, Rutherford MA, Boardman JP, Cowan FM.
Patterns of cerebral injury and neurodevelopmental out-
comes after symptomatic neonatal hypoglycemia. Pedi-
atrics 2008; 122: 65-74.

Auer RN. Hypoglycemic brain damage. Metab Brain Dis
2004; 19: 169-75.

Rozance PJ, Hay WW. Hypoglycemia in newborn infants:
features associated with adverse outcomes. Biol Neonate
2006; 90: 74-86.

Adamkin DH. Late preterm infants: severe hyperbiliru-
binemia and postnatal glucose homeostasis. ] Perinatol
2009; 29: S12-7.

Salhab WA, Wyckoff MH, Laptook AR, Perlman JM. Initial
hypoglycemia and neonatal brain injury in term infants
with severe fetal acidemia. Pediatrics 2004; 114: 361-6.
Tam EWY, Haeusslein LA, Bonifacio SL, et al. Hypo-
glycemia is associated with increased risk for brain injury
and adverse neurodevelopmental outcome in neonates
at risk for encephalopathy. J Pediatr 2012; 161: 83-93.
Nadeem M, Murray DM, Boylan GB, Dempsey EM, Ryan
CA. Early blood glucose profile and neurodevelopmental
outcome at two years in neonatal hypoxic-ischaemic en-
cephalopathy. BMC Pediatr 2011; 11:10.

Kerstjens JM, Bocca-Tjeertes IF, de Winter AF, Reijneveld
SA, Bos AF. Neonatal morbidities and developmental de-
lay in moderately preterm born children. Pediatrics 2012;
130: e265-72.

Tin W, Brunskilllucas G, Kelly T, Fritz S. 15-year follow-
up of recurrent “hypoglycemia” in preterm infants. Pedi-
atrics 2012; 130: e1497-503.

Kaiser JD, Bai S, Gibson N, et al. Association between
transient newborn hypoglycemia and fourth-grade

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Neonatal and Pediatric Endocrinology and Diabetes Societies consensus report

achievement test proficiency a population-based study.
JAMA Pediatr 2015; 169: 913-21.

Hawdon, JM, Ward Platt MP, Aynsley-Green A. Pat-
terns of metabolic adaptation in term and preterm in-
fants in the first postnatal week. Arch Dis Child 1992;
67: 357-65.

Weston PJ, Harris DL, Battin M, Brown ], Hegarty JE,
Harding JE. Oral dextrose gel for the treatment of hypo-
glycaemia in newborn infants. Cochrane Database Syst
Rev 2016; 5: CD011027.

Harris DL, Gamble GD, Weston PJ, Harding JE. What
Happens to Blood Glucose Concentrations After Oral
Treatment for Neonatal Hypoglycemia? ] Pediatr 2017;
190: 136-41.

Hegarty JE, Harding JE, Gamble GD, Crowther CA, Edlin
R, Alsweiler JM. prophylactic oral dextrose gel for new-
born babies at risk of neonatal hypoglycaemia: a ran-
domised controlled dose-finding trial hyperlink “https://
www.ncbi.nlm.nih.gov/pubmed/27780197”  (the Pre-
hPOD Study). PLoS Med 2016; 13: e1002155.

Harding JE, Hegarty JE, Crowther CA, Edlin R, Gamble
G, Alsweiler JM. Randomised trial of neonatal hypogly-
caemia prevention with oral dextrose gel (hPOD): study
protocol. BMC Pediatr 2015; 15: 120.

McKinlay CJ, Alsweiler JM, Ansell JM, et al. Neonatal
glycemia and neurodevelopmental outcomes at two
years. NEJM 2015; 373: 1507-18.

McGowan JE. Commentary, neonatal hypoglycemia. Fifty
years later, the questions remain the same. Neoreviews
2004; 3: E363.

Canadian Pediatric Society. Screening guidelines for
newborns at risk for low blood glucose. Paediatr Child
Health 2004; 9: 723-40.

Arya VB, Senniappan S, Guemes M, Hussain K. Neonatal
hypoglycemia. Indian J Pediatr 2014; 81: 58—65.

Collins JE, Leonard JV, Teale D, et al. Hyperinsulinaemic
hypoglycemia in small for dates babies. Archs Dis Child
1990; 65: 1118-20.

Hoe FM, Thornton PS, Wanner LA, Steinkrauss L, Sim-
mons RA, Stanley CA. Clinical features and insulin regu-
lation in infants with a syndrome of prolonged neonatal
hyperinsulinism. J Pediatr 2006; 148: 207-12.

5233



