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ABSTRACT: Hypoglycemia is the most common metabolic disorder encountered in neonates. The definition of hypoglycemia as well as

its clinical significance and management remain controversial. Most cases of neonatal hypoglycemia are transient, respond readily to
treatment, and are associated with an excellent prognosis. Persistent hypoglycemia is more likely to be associated with abnormal endocrine
conditions, such as hyperinsulinemia, as well as possible neurologic sequelae. Manifestations of hypoglycemia include seizures which can
result in noteworthy neuromorbidity in the long haul. Thus, hypoglycemia constitutes a neonatal emergency which requires earnest analytic
assessment and prompt treatment. In this review, we have tried to cover the pathophysiology, the screening protocol for high-risk babies,
management, long-term neurologic sequelae associated with neonatal hypoglycemia, with evidence-based answers wherever possible, and

our own practices.
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Introduction

Physiology of glucose homeostasis

Glucose homeostasis in neonates needs harmony among use
and generation of glucose. An increase in blood glucose con-
centration after meal results in increased insulin secretion
which in turn stimulates the liver to store glucose as glycogen
(Figure 1). Once the liver and muscle cells become saturated
with glycogen, additional glucose is stored as fat. On the con-
trary, a decrease in blood glucose concentration stimulates
glucagon secretion which activates glycogenolysis in the liver
to release glucose back into the bloodstream. Amid starvation,
the liver tries to keep up a normal glucose concentration by
means of the process of gluconeogenesis, which involves fram-
ing glucose from amino acids and the glycerol. Muscle cells
provide glycogen and protein to be separated into amino acids,
which are then used as substrates for gluconeogenesis in the
liver. Few vital organs including brain catabolize unsaturated
fats to ketones, acetoacetate, and B-hydroxybutyrate and use
them as fuel asset. The hypothalamus stimulates the sympa-
thetic nervous system, causing secretion of epinephrine by the
adrenal glands. This permits additional release of glucose from
the liver. With prolonged and sustained hypoglycemia, growth
hormone and cortisol are secreted, which decreases the rate of
glucose utilization by the body. Promptly after birth, there is a
sudden fall in blood glucose levels (BGLs) and as the pathways
of glycogenolysis and gluconeogenesis are initiated because of
the surge in levels of cortisol, catecholamines, and glucagon,
BGLs increase within the first 1 to 2 hours of life. Subsequently,
with the start of standard enteral feeds and initiation of hepatic
gluconeogenesis process, BGLs get stabilized and euglycemia
is attained, within 3 to 5 days of life.!-3

Definition

Fetal brain receives a glucose concentration that is around
9mg/dL lower than those of maternal plasma, so the actual
glucose concentration in fetus is around 54 mg/dL. Soon after
birth, with separation of placenta, there is a physiological
decrease in the BGL of the newborn, with a nadir at around
1 to 2hours of life.>7 Therefore, the BGL which is consid-
ered to be “normal” is variable and depends on multiple fac-
tors including birth weight, gestational age, body stores,
feeding status, availability of energy sources, as well as pres-
ence or absence of disease.28 There is no universal definition
for hypoglycemia.® To date, we have failed to predict an evi-
dence-based operational threshold for neonatal hypoglycemia
to prevent subsequent neurologic sequelac. We take 45 and
50mg/dL as cutoff values to treat hypoglycemia for term and
preterm neonates, respectively. Following these guidelines, we
have not seen any neurologic sequelae in our cohort of neo-
nates with asymptomatic hypoglycemia (unpublished data).
Based on the current evidence available in the literature, the
concentration of blood glucose at which one should consider
intervention is considered as the operational threshold for
hypoglycemia.l%11 Hussain'? suggested various operational
thresholds for therapeutic intervention based on the clinical
scenario such as blood glucose concentrations <45, <63, and
<36 mg/dL for symptomatic newborns, for hyperinsulinemia
newborns, and for at-risk neonates, respectively. Stanley and
Baker?®? postulated that there should be no difference in cut-
off value between a neonate and a child and common cutoff
should be 60mg/dL. World Health Organization defines
hypoglycemia as “blood glucose level (BGL) of less than
45 mg/dL.”
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Figure 1. Glucose homeostasis.
Adapted from Thompson-Branch and Havranek.*

Classification and Causes of Neonatal Hypoglycemia
Neonatal hypoglycemia is broadly divided into transient and

persistent types, mainly based on the duration of hypoglycemia
(Table 1).12-14

Types of transient hypoglycemia

1. Early transitional-adaptive hypoglycemia. 1t occurs due
to early adaptive responses to birth process (I glycoge-
nolysis and gluconeogenesis and T insulin secretion;
Table 2).1515 Examples of this type include infants born
to mothers who received excessive glucose infusion
intrapartum, infants of diabetic mothers (IDMs) @
insulin), infants with hypothermia (T glucose utiliza-
tion), asphyxiated infants (T anaerobic metabolism of
glucose, glycogen depletion), and preterm infants &
glycogen stores).

2. Secondary-associated hypoglycemia. This is often secondary
to a variety of associated illnesses, which include disor-
ders of the central nervous system, such as perinatal
asphyxia, intracranial hemorrhage, and congenital anom-
alies. Other disorders associated with this type of hypo-
glycemia are sepsis, cold injury, and congenital heart
disease. The nervous system disturbance associated with

this type of hypoglycemia may have an adverse impact on
the regulation of hepatic glucose production.

. Classic transient neonatal hypoglycemia. This type of hypo-

glycemia is typically seen in small for gestational age
(SGA) infants, who are also predisposed to polycythemia.
Small for gestational age infants have inadequate stores
of energy and defective gluconeogenesis. Furthermore,
there is excessive glucose utilization because of brain
sparing (major consumer) compared with the liver (major
producer). Most of these infants are symptomatic (80%).

Screening for Hypoglycemia
Blood glucose concentrations should not be measured in
healthy asymptomatic term infants born after an uncompli-

cated pregnancy and delivery. Blood glucose is required for at-

risk infants or infants who demonstrate signs and symptoms
suggestive of hypoglycemia.*
Infants at risk of hypoglycemia are as follows!416:

1. Preterm infants with gestational age less than 37 weeks;
2. Infants who are large for gestational age;

3. Infants with fetal growth restriction;
4. IDMs;
5. Infants who have experienced perinatal stress due to
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Table 1. Causes of hypoglycemia in neonates.

TRANSIENT HYPOGLYCEMIA (<7 D) PERSISTENT HYPOGLYCEMIA (>7D OR GLUCOSE INFUSION
RATE >10 MG/KG/MIN)

Delayed adaptation Hyperinsulinemia

Prematurity Karp channel defects

Small for gestational age (SGA) Glutamate dehydrogenase (GLUD1)-activating mutation

Increased demand during peripartum/postnatal period Glucokinase-activating mutation

Sepsis Beckwith-Wiedemann syndrome (BWS)

Asphyxia Short-chain 3-hydroxyacyl CoA dehydrogenase (SCHAD) mutation

Hypothermia Hyperinsulinism in congenital disorders of glycosylation

Transient hyperinsulinemia B-cell adenoma—multiple endocrine neoplasia 1 (MENT)

Infants of diabetic mothers Undefined

Intrapartum dextrose infusion to mother Normoinsulinemic

Increased metabolic expenditure Counterregulatory hormone deficiency

Sepsis Inborn errors of metabolism (IEM)

Erythroblastosis fetalis Glycogen storage disease (GSD I, IlI, VI)

Polycythemia Disorders involving gluconeogenesis

Other maternal conditions Defects in fatty acid catabolism and ketogenesis

Toxemia Organic acidurias

Administration of tocolytics (f-sympathomimetics) Galactosemia

Hereditary fructose intolerance

Copyright: Aakash Pandita.

Table 2. Types of hypoglycemia.

TYPE OF ONSET DURATION DEGREE OF RESPONSE TO DURATION OF EXAMPLES

HYPOGLYCEMIA HYPOGLYCEMIA GLUCOSE MONITORING

Early Early 12-24h Mild Good 24-48h Preterm infants, infant

transitional- <6-12h of diabetic mother,

adaptive intrapartum glucose

hypoglycemia infusion, hypothermia

Secondary- 12-24h 24-48h Mild Good 24-48h Asphyxia, sepsis,

associated intraventricular

hypoglycemia bleeding

Classic transient 24-48h 48-72h or Moderate to severe. Requires often 48-72h Small for gestation

neonatal more About 80% are higher glucose

hypoglycemia symptomatic infusion rate

Severe recurrent  Variable >7d Severe Requires higher May be daysto ~ Congenital

hypoglycemia glucose infusion weeks hyperinsulinism,
rates >10-12 metabolic, endocrine

Copyright: Aakash Pandita.

e Birth asphyxia/ischemia prone to early hypoglycemia, namely, 1 to 2hours and rarely
e Erythroblastosis fetalis their hypoglycemia extends beyond 12hours (range: 0.8-
e Polycythemia 8.5 hours), whereas in preterm and SGA neonates, the hypo-
6. Infants who require intensive care; glycemia risk may extend up to 36 hours (range: 0.8-34.2 hours).
7. Infants whose mothers were treated with B-blockers or Feeding should start by lhour and then sugar should be
oral hypoglycemic agents; checked 2 to 4 hours after this feed, just before the second feed.
8. Family history of a genetic form of hypoglycemia; However, if the baby is symptomatic, than sugar check has to

9. Congenital syndromes (eg, Beckwith-Wiedemann) and be immediate!!-16 (Table 3).
abnormal physical features (eg, midline facial malforma-
tions and microphallus) associated with hypoglycemia. Clinical Manifestations
Most of the infants with low blood glucose concentrations are

Screening protocol asymptomatic, and hypoglycemia in these infants is usually

detected during screening for hypoglycemia in at-risk infants. In

Optimal timing and intervals of glucose monitoring is still a the symptomatic infant, signs are nonspecific and reflect responses

debatable issue (Table 3). Timing and duration of monitoring of the nervous system to glucose deprivation. These can be cate-

for hypoglycemia depends on the risk factors, such as IDMs are

gorized as neurogenic or neuroglycopenic findings.!1-16
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Table 3. Screening schedule for hypoglycemia.

CATEGORY TIME SCHEDULE

OF INFANTS

Any risk Initial check after feed at about 1 hour,
factor subsequent monitoring is recommended
before feed

Sick infants Every 4 to 6 hours (individualize as needed)
(sepsis, After acute phase is over, frequency of
asphyxia, screening can be reduced or omitted
shock) depending on clinical status and feeding

status

Neurogenic (autonomic) symptoms result from changes due

to neural sympathetic discharge triggered by hypoglycemia:

Jitteriness/tremors;
e Sweating;
Irritability;
Tachypnea;

Pallor.

Neuroglycopenic symptoms are caused by brain dysfunction
from impaired brain energy metabolism due to a deficient glu-
cose supply:

e Poor suck or poor feeding;

o Weak or high-pitched cry;

o Change in level of consciousness (lethargy, coma);
e Seizures;

e Hypotonia.

Along with these symptoms infants may also present with
apnea, bradycardia, cyanosis, and hypothermia. As these find-
ings are nonspecific, further evaluation for other possible causes
(eg, sepsis) should be conducted if symptoms do not resolve
after normalization of the blood glucose concentration.
Abnormal behaviors related to feeding such as demanding fre-
quent feeds, not waking for feeds, and not sucking effectively
should be investigated for hypoglycemia.

Recently, British Association of Perinatal Medicine pub-
lished guidelines recommend measurement of blood glucose
for any infant who has any one of the following features!:

e Perinatal acidosis (cord arterial or infant pH <7.1 and
base deficit >-12 mmol/L);

e Hypothermia (<36.5°C) not attributed to environmental
factors;

e Suspected/confirmed early onset sepsis;

e Cyanosis;

e Apnes;

e Altered level of consciousness;

e Seizures;

e Hypotonia;

o Lethargy;

e High-pitched cry.

Diagnosis of Hypoglycemia

Point-of-care glucose meters are used as a rapid screening
method in most of the nurseries. But these glucose meters
show large variations in values compared with laboratory
methods, especially at low glucose concentrations, and are of
unproven reliability to document hypoglycemia in new-
borns.1*1¢ So, it is important to stress on the fact that although
glucometers are used for screening, all low values need to be
confirmed by lab to make the diagnosis of hypoglycemia cer-
tain. Likewise, laboratory confirmation of the plasma glucose
concentration should be performed in any infant who shows
signs consistent with hypoglycemia. However, treatment
should be started immediately after the blood sample is
obtained and before confirmatory results are available.
Laboratory measurement of glucose concentration is affected
by the type of the sample. Glucose concentration measured in
whole blood is approximately 15% lower than that in plasma
and may be further reduced if the hematocrit is high. Prompt
analysis should be performed because delays in processing and
assaying glucose can reduce the glucose concentration by
18 mg/dL/h (0.3 mmol/L/h) due to red cell glycolysis.’® Thus,
to avoid errors in estimation, blood sample for estimation of
glucose should always be sent in sodium fluoride vial.
Continuous glucose monitoring using a sensor that measures
interstitial glucose concentration was reported to be reliable
(when compared with blood glucose measurement), safe, and
tolerable.1618 However, it is unclear how to interpret the clini-
cal significance of low interstitial BGLs and whether treat-
ment should be initiated. Further studies are needed to
determine whether continuous interstitial glucose monitoring
has a useful role in the screening and management of neonatal

hypoglycemia.19-28

Managing Asymptomatic Hypoglycemia

Management plan for asymptomatic hypoglycemia based on
blood sugar level (BSL) is summarized in Table 4 (Figure 2).
Repeated boluses of 10% dextrose should be avoided as it pre-
disposes to rebound hypoglycemia by causing an increase in
insulin levels.

Oral feeds—issues

Always direct breastfeeding should be tried first and expressed
breast milk may be given if the infant is unable to suck properly.
The advantage with breast milk is that it promotes ketogenesis
which serves as an alternate source of energy for the brain.
Formula feeds should be given only if the breast milk is not
available.1

Management of Symptomatic Hypoglycemia

A 2mL/kg of 10% dextrose (200mg/kg) has to be given to
newborn children with symptomatic hypoglycemia, keeping in
mind the end goal to quickly rectify BGL. The bolus needs to
be followed by a glucose infusion rate (GIR) of 6 to 8 mg/kg/
min. Regardless of bolus and GIR, if BGL remains beneath
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Table 4. Treatment of asymptomatic hypoglycemia.

BLOOD SUGAR LEVEL INTERVENTION

If blood sugar is between 20 and 45mg/dL
Confirm with lab value and send sample in
fluoride vial. Observe infant for signs and
symptoms

Give feeds and repeat blood test after 1h

1. If repeat blood glucose level (BGL) is >45mg/dL, ensure adequate 2-hourly feeds and
monitor BGL as per protocol. Maintain BGL between 60 and 120mg/dL

2. Start glucose infusion without bolus, if repeat blood sugar is <45mg/dL. Titrate glucose

infusion rate (GIR) 4 to 6 hourly to maintain euglycemia. Decrease GIR only if infant is
euglycemic for at least 24h

If BGL <20 mg/dL
Confirm with lab value but should never be
a reason for delay in treatment

hypoglycemia

Start intravenous dextrose with a GIR of 6 mg/kg/min, manage as for symptomatic

Hypoglycemia
Blood Sugar < 45 mg/dL

Asymptomatic

Symptomatic
Including Seizures

]

v ¥ Bolus of 2 mL/kg
20-45 mg/dL <20 mg/dL 10% delmose
l IV glucose infusion @6
2 mg/kg/min
Trial of Oral Feeds Monitor Hourly till euglycemic
and then 6 hourly
|
Monitor the blood ' k
sugar after 1 Hour Blood sugar >50 mg/dL Blood sugar < 50 mg/dL
<45 mg /dL

> 45 md/dL

!

Frequent feeds

Stable for 24 Hours on IV
fluids: 2 values of blood sugar

Increase glucose @2
> 50 mg/dL mg/kg/min till

}

T euglycemia

Monitor blood Sugar

Weaning at 2 mg/kg/min every 6 hrs;
oral feeds: Monitoring to continue
every 6 hours

Increase till the

l glucose infusion rate is

Stop After 48 hrs

> 12 mg/kg/min

Stop IV fluids when the rate is 4 l
mg/kg/min and the infant is stable

Evaluate for persistent
f hypoglycaemia

Before discharge ensure that
there 1s no feeding difficulty

Stop Monitoring when 2 values are more
than 50 on full oral feeds

Figure 2. Management of hypoglycemia.

45mg/dL, GIR has to be increased in increments of 2 mg/kg/
min every 15 to 30 minutes until a maximum of 12 mg/kg/min.
Blood glucose level has to be observed every 30 to 60 minutes
till glucose level is >50 mg/dL for 2 back-to-back readings, and
afterward every 4 to 6 hourly until the point when the baby is
off intravenous dextrose and is on full feeds. Following 24 hours
of intravenous dextrose treatment, once at least 2 successive
BGLs are >50mg/dL, the GIR can be decreased at the rate of
2mg/kg/min at regular intervals of 4 to 6hours with BGL
monitoring. Decrease in GIR must be joined by attendant

increment in oral feeds. Once a rate of 4 mg/kg/min of GIR is
accomplished, oral feed is sufficient, and the BGLs are reliably
>50mg/dL, the GIR can be halted (Figure 2). It is essential to
guarantee nonstop glucose infusion ideally using an infusion
pump and with no interruption. Utmost care should be taken
and one should try not to stop glucose infusion unexpectedly,
as extreme rebound hypoglycemia may happen. Furthermore,
one should abstain from using more than 12.5% dextrose infu-
sion through a peripheral vein because of the danger of throm-
bophlebitis.?0-22 It is always a better idea to have 2 functional
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Table 5. Guidelines for the management of hypoglycemia.

GUIDELINES

CUTOFF FOR ASYMPTOMATIC HYPOGLYCEMIA

CUTOFF FOR SYMPTOMATIC

NEONATE

British Association of

Single value <1.0mmol/L or 18 mg/dL

BSL <2.5mmol/L or 45 mg/dL

Perinatal Medicine, or

2017, UK A value <2.0mmol/L or 36 mg/dL on 2 occasions consecutively

NNF, 2011, India®? Blood glucose <25mg/dL BSL <40mg/dL
or
Blood glucose remains below 40 mg/dL despite one attempt of
feeding

AAP, 201116 0-4h of life: <25mg/dL on 2 consecutive occasions, including 1h BSL <40mg/dL
after refeeding
4-24h of life: <35mg/dL on 2 consecutive occasions, including
1 hour after refeeding

PES, 2015" Within 48h of birth, BSL <50 mg/dL No clear cutoff

>48h, BSL >60mg/dL

Abbreviation: AAP, American Academy of Pediatrics; BSL, blood sugar level; NNF, National Neonatology Forum of India; PES, Pediatric Endocrine Society.

Copyright: Aakash Pandita.

intravenous sites every time when one treats a hypoglycemic
neonate so that in case one becomes nonfunctional the other
one can be used without interruption of the infusion. Different
groups practice different guidelines for the management of
hypoglycemia.In Table 5, we provide different guidelines being
practiced across the world including the recent guidelines by
British Association of Perinatal Medicine. No guideline distin-
guishes between a term and a preterm neonate for the manage-
ment of hypoglycemia.

Persistent Hypoglycemia

Persistent hypoglycemia is defined as persistent low plasma
glucose concentrations beyond the first 7days of life.1%11 This
waiting period of at least 7 days is necessary because it is diffi-
cult to distinguish newborns with a pathologic hypoglycemia
disorder (transient or permanent) from normal newborns.
Hyperinsulinism is characterized by inappropriate secretion of
insulin in the presence of low plasma glucose. It is the most
common cause of persistent hypoglycemia in the neonates.
Other less common causes of persistent hypoglycemia are
counterregulatory hormone deficiency, defects in gluconeogen-
esis and glycogenolysis, galactosemia, and hereditary fructose
intolerance.

Diagnosis of Hyperinsulinism
Hyperinsulinism is diagnosed based on the presence of the fol-
lowing features?’ (Table 6):

1. Inadequate suppression of insulin secretion in the pres-
ence of hypoglycemia;

2. Low levels of plasma free fatty acids and ketones (insulin
suppresses lipolysis and ketogenesis);

3. Glycemic response (within 30 minutes of administration
of glucagon at the time of the hypoglycemic event) of
greater than 30 mg/dL which indicates the presence of
adequate hepatic glycogen stores.

Table 6. Diagnostic criteria of hyperinsulinemic hypoglycemia (at
blood glucose <50mg/dL).

1. Blood insulin >1 pU/mL

2. Glycemic response by 0.5 to 1 mg glucagon (intramuscular,
intravenous)2 >30mg/dL (15-45min)

3. Glucose infusion rate to maintain euglycemia (mg/kg/min) >7
(before 6mo) 3 to 7 (after 6mo) and >3 (adult)

(Supportive findings)
Blood p-hydroxybutyrate (BHB)> <2 mmol/L (2000 pmol/L)
Blood free fatty acids (FFAs, NEFA)? <1.5mmol/L (1.5mEg/L)

aGlucagon may be given intravenously at 0.03mg/kg.

®When BHB is low and FFAs are high, disorders of fatty acid oxidation or defects
in carnitine metabolism should be excluded. Within 48 hours of birth, BHB and
FFAs are difficult to assess because of the physiological hyperinsulinemia state.
In some cases, hyperinsulinemia may not be the only cause of hypoglycemia
and other comorbidities should be considered.

Other investigations for identification of cause of hyperin-
sulinism include the following:

1. Serum ammonia for hyperinsulinemic hyperammonemic
hypoglycemia caused by activating mutation of gluta-
mate dehydrogenase;

2. Plasma acylcarnitine profile and urinary organic acids
(increased plasma 3-hydroxybutyrylcarnitine and urine
3-hydroxyglutarate) for congenital hyperinsulinism
(CH) caused by mutation in short-chain 3-hydroxyacyl
CoA dehydrogenase enzyme;

3. Genetic testing for molecular diagnosis of CH adapted
from Yorifuji et al.?’

Management

Hyperinsulinemic hypoglycemia is managed with drugs and
surgical treatment is considered in cases which fail to respond
to medical management. Drugs used in the management of
hyperinsulinemic hypoglycemia include diazoxide, somatosta-

tin analogues such as octreotide and sirolimus, glucagon, and
nifedipine3-3 (Table 7).
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Table 7. Drugs used in persistent hypoglycemia.

NAME OF DOSE AND ROUTE

THE DRUG

MODE OF ACTION

SIDE EFFECTS

Diazoxide 5-20mg/kg/d thrice a day

Octreotide 5-25ug/kg/d
subcutaneous injection
or intravenous infusion
(6-8hourly)

Glucagon 1-20 pg/kg/h
subcutaneous or
intravenous infusion

glycogenolysis

Nifedipine 0.25-2.5mg/kg/d thrice a

day orally

Surgical treatment is warranted in patients who fail to
respond to medical management. Surgery can be curative in
patients with focal lesions. However, infants with diffuse dis-
ease may require a near-total pancreatectomy with or without
drug therapy and frequent feeding to maintain euglycemia.

Neurodevelopmental Outcome

Hypoglycemia is known to cause long-term neurologic impair-
ment dependent on the severity and duration of hypoglyce-
mia."»3¢ There is conflicting evidence regarding the extent of
injury hypoglycemia causes in both preterm and term infants

(Table 8).

Symptomatic hypoglycemia
Hypoglycemia-induced brain injury can be detected by mag-

netic resonance imaging (MRI). However, there is paucity of
data regarding the threshold level and duration of hypoglyce-
mia that is known to be associated with brain damage detected
by MRI. It is important to stress on that neonatal hypoglyce-
mia should be aggressively treated because of the risk of its
adverse effects.36:38

Asymptomatic hypoglycemia

A retrospective observational study reported infants with tran-
sient neonatal hypoglycemia (<40mg/dL) after adjusting for
confounding factors to have lower scores for literacy and math
at fourth grade.®

Preterm infants

Similar to term infants, studies report neurodevelopmental
impairment due to asymptomatic episodes of hypoglycemia in
preterm patients. We use a higher cutoff for preterm neonates
(50mg/dL) based on the following evidence. A multicenter
retrospective data in preterm infants showed a correlation
between prolonged hypoglycemia (plasma glucose <47 mg/dL

Binds to SUR1 subunit, opens K, channel

Binds to somatostatin receptors and
induces hyperpolarization of f cells, direct
inhibition of voltage-dependent calcium
channels leading to inhibition of insulin
Increases gluconeogenesis and

Avoid in small for gestational age infants

Blocks calcium channel

Fluid retention, hypertrichosis, and
less commonly eosinophilia,
leukopenia, and hypotension

Nausea, abdominal pain, vomiting
diarrhea, tachyphylaxis

Paradoxical insulin secretion at high
dose apart from nausea and
vomiting

Can lead to hypotension

Table 8. Long-term prognosis of hypoglycemic infants (blood sugar
level <47 mg/dL): CHYLD study.®”

OUTCOMES FOLLOW-UP AT 4.5Y

Neurosensory No difference with RD: 0.01; 95% CI:
impairment —-0.07 to 0.10 and RR: 0.96; 95% ClI:
0.77-1.21

Executive function Low: 10.6% vs 4.7%; RD: 0.05; 95% CI:

0.01-0.10 and RR: 2.32; 95% ClI:
1.17-4.59

Visual motor function  Low visual motor integration score 4.7%

vs 1.5%; RD: 0.03; 95% CI: 0.01-0.06
and RR: 3.67; 95% CI: 1.15-11.69

Abbreviations: CHYLD, Children with Hypoglycemia and Their Later
Development; ClI, confidence interval; RD, risk difference, RR, risk ratio.

[2.6 mmol/L] and lower Bayley mental and psychomotor scores
at corrected age of 18 months.*? Cerebral palsy or developmen-
tal delay was 3.5 times greater (95% confidence interval [CI]:
1.3-9.4) in the hypoglycemic infants. However, only arithmetic
and motor scores were lower in hypoglycemic infants at 7.5 to
8years of age.! Furthermore, long-term neurodevelopment
impairment may be greater in preterm infants with repeated
hypoglycemic episodes who are also SGA. In coherence to the
above fact, a smaller head circumference at 18 months corrected
age and lower psychometric testing scores at 3.5 and 5 years of
age were reported in a prospective study of 85 SGA preterm
infants with repeated episodes of hypoglycemia.*? Another
large prospective cohort involving neonates >35weeks did not
report any difference in neurosensory or processing impairment
at 2years of age, among children with neonatal hypoglycemia
(BSL <47mg/dL) and those without neonatal hypoglycemia
(risk ratio [RR]: 0.95; 95% CI: 0.75-1.20; P=.67). Neurosensory
impairment was defined as any of the following findings: devel-
opmental delay (BSID-III [Bayley Scales of Infant Development
III] cognitive or language composite score of <85), motor
impairment (BSID-III motor composite score of <85), cerebral
palsy, hearing impairment requiring hearing aids, or blindness
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in both eyes. Another important finding of the study was chil-
dren with BSL lying outside the range of 54 to 72 mg/dL were
more prone to increased neurosensory impairment. With
increase in the duration of time, the BSL was outside this range,
the more was the impairment risk for neurosensory impairment
(RR: 1.40; 95% CI: 1.09-1.79; P=.008). Furthermore, neonates
with hypoglycemia who went on to develop neurosensory
impairment, especially cognitive delay had a steeper rise of glu-
cose levels for first 12hours of birth, compared with neonates
with no impairment (mean difference: 4.9 mg/dL; 95% CI: 1.4-
8.3mg/dL; P=.007).# Similar findings have been reported in
animal studies in the past.** Follow-up (CHYLD [Children
with Hypoglycemia and Their Later Development]) study at
4years involving neonates >32weeks of gestation also did not
report any difference in primary outcome between hypoglyce-
mic and euglycemic neonates (37.4% vs 38.5%; risk difference:
0.01; 95% CI: -0.07 to 0.10 and RR: 0.96; 95% CI: 0.77-1.21).
In post hoc analysis, the risk of a low executive function score
and a low visual motor integration score was highest in neonates
with severe hypoglycemia and in neonates exposed to at least 3
episodes of hypoglycemia, respectively’” (Table 8). The impair-
ment was more in neonates with severe (<36 mg/dL) or recur-

rent hypoglycemia (>2 episodes).

Conclusions

Neonatal hypoglycemia is a common condition. It is more
common in certain high-risk groups such as infants who are
sick, septic, hypothermic, preterm, SGA infants, asphyxiated,
infants born to diabetic mothers, and large for gestation age
infants. It is important to recognize hypoglycemia to initiate
prompt treatment and prevent long-term neurologic impair-
ment. It is mostly asymptomatic but prompt recognition is
important to achieve optimal neonatal outcomes. Furthermore,
one should avoid giving repeated boluses while managing a
neonate with hypoglycemia. A low blood sugar with glucome-
ter should not delay treatment but should always be confirmed
with laboratory value and the sample should be sent in a fluo-
ride vial. Although there is a robust evidence that very low BSL
is associated with neurologic impairment, the line of demarca-
tion between normal and abnormal is still bleak. The answer to
this question lies in a good-quality multicenter randomized
controlled trial.
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