Controversies iIn Neonatal
Hypoglycemia

PRIYA JEGATHEESAN, MD

@

PAC / LAC CONFERENIENE 172017 ‘V‘

SANTA CLARA

VALLEY
MEDICAL
CENTER




Disclosure

| have no conflicts of interest to disclose

00
SANTA CLARA
VALLEY
MEDICAL

CENTER




ODbjectives

C Review Recommendations from different societies: AAP vs. PES

CWSOASS ai0dzRASEA RSTFAYAY3I Gy 2NXI
long term outcome In infants with hypoglycemia

C Risk and benefits of different approaches to hypoglycem .:.

SANTA CLARA

VALLEY
MEDICAL
CENTER




FetatNeonatal Glucose Physiology

Fetus
AGlucose crosses placenta
Alnsulin does not cross placenta

Neonate
AFasting adaptation Energy Fuel fr Brain
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Neonatal fasting adaptation

MHepatic Glycogenolysis
50 ¢ 759 of glycogen/kg of liver tissue
Adequate only for a few hours of fasting

AHepaticNeoglucogenesis

Amino acids (tissue protein), lactate (glycolysis) , glycerol (fat) are
precursors

Depleted In prolonged fasting

ALipolysis in adipose FFA glycerol+TGL
Free Fatty acid oxidation can be used by organs other than brain




Neonatal fasting adaptation

AHepaticKetogenesis
Partial oxidation of fatty acids produce ketones that can be used by
brain long term fasting

AHormonal Balance
Insulin vs. counter regulatory hormones (glucagon, cortisol, growth
hormone, epinephrine)




Hormonal control

Alnsulin inhibits all
AGlucagon stimulates glycogenolysis
ACortisol stimulateseoglucogenesis

AGH stimulates Lipolysis

AEpinephrine stimulates alll




Development of fasting system

AGlycogenlysisnzymes are functional before birth

ANeoglucogenesiand ketogenesisot fully mature as evident by
higher lactate and lower ketone during fasting hypoglycemia

ACPT1 and HMG Cokefogenesiyand PEP CKgoglucogenes)s
enzymes expression Is present only after birth

ACPT1 and HMG CoA induced by LCFA in breast milk, PEP CK induce
by insulin inhibition and glucagon surge at birth




Neonatal Metabolic Adaptations
Glycogenolysis
Neoglucogenesis
Lipolysis

Ketogenesis

Ine

Glucose Glucose
Ketones Hormonal Balance Glucac Ketones

Plasma Glucose is
>10% higher than
blood glucose level



Controversies Regarding Definition of Neonatal Hypoglycemia:
Suggested Operational Thresholds

Marvin Cornblath, MD*; Jane M. Hawdon, FRCPCHY; Anthony F. Williams, FRCPCHS;
Albert Aynsley-Green, FRCPCHJ|; Martin P. Ward-Platt, FRCPCHY]; Robert Schwartz, MD#; and
Satish C. Kalhan, MBBS**

Limitations of Different Definitions:
1. Basedon Symptoms? KA LILIX SQa G NAI R
Epidemiologic approach

Changes in metabolic and endocrine responses

> wn

Long term neurologic outcome

Operational Threshold <36mg/dl vs. Therapeutic goal >45/dl

Pediatrics 2000:105;1141-1145
DOT: 10.1542/peds.105.5.1141




Symptomatic and <40 mgidL—= IV glucose

ASYMPTOMATIC
~ Birth to 4 hours of age
INITlA- FEED mmm hm'r Cu tinue feeds Q2 3 P‘ouu
Screen glucose X0 minutes after ™ feed Screen glucose prior 1o each feed
Inetial soepen <25 mgiil Screen <35 mo\dl
Fead and check in 1 hour Feed and check in 1 howr

- Ghucose toes = 200 Mg [asimes 10% 612 MLAG) sadior 'V nsion 1 S~ moha per min (50-100 mUK) per d. Achiows
piasma glucose level of 40-50 mpdl

Symptoms of hypogycemia indude: kxtabiity, tremors, jleriness. exaggeraled Moro refles, highpiched oy, seanes, ehangy,
foppiness, cymnasls, apaes, poor keding

Postnatal Glucose Homeostasis in Late-Preterm and Term Infants
Committee on Fetus and Newborn

Padiatrics 2011;127:575; onginally published online February 28, 2011, s

DOI: 10.1542/peds.2010-3851
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Recommendations from the Pediatric Endocrine Society for Evaluation
and Management of Persistent Hypoglycemia in Neonates, Infants,
and Children

Paul S. Thornton, MB, BCh', Charles A. Stanley, MD?, Diva D. De Leon, MD, MSCE®, Deborah Harris, PhD?,

www.jpeds.com

Section 1: Which Neonates, Infants, and
Children to Evaluate for Hypoglycemia

Meonates in whom to exclude persistent hypoglycemia before discharge:

1. Severe hypoglycemia (eq, episode of symptomatic hypoglycemia or need for IV dextrose to treat hypoglycemia)

2. Inability to consistently maintain preprandial PG concentration =50 mg/dL up fo 48 hours of ape and =60 mg/dL after 48 hours of age
3. Family history of a genetic form of hypoglycemia

4. Congenital syndromes (e, Beckwith-Wiedemann), abnormal physical features (eq. midling facial malformations, microphallus)

1.2. Forinfants and younger children who are unable to reli-
ably communicate symptoms, we suggest evaluation and

management only of those whose PG concentrations are For at-risk neonates without a suspected persistent hypo-

documented by laboratory quality assays to be below the glycemia disorder and in whom hypoglycemia is considered
normal threshold for neurogenic responses|(<60 mg/dL likely to resolve within a short time, |a “safety” fast
[3.3 mmol/L]). GRADE 2+++0. of 6-8 hours|should be considered before discharge, to

1.3. For those neonates who are suspected to be at high risk determine whether a PG concentration >60 mg/dL can be

of having a persistent hypoglvcemia disorder, we suggest maintained, or whether additional management or investiga-
evaluation when the infant isFI =48 hours of age|so that the tions may be required-
period of transitional glucose regulation has passed and
persistent hypoglycemia may be excluded before discharge
— home. GRADE 2+4+00.




Section 2. Workup/Investigation of
Persistent Hypoglycemia

Metabolic Clues to Hypoglycemia Diagnosis
Hwocivcenii

HCO,, BOHB Lactate, FFA

e (] /

BOHB.L BOHB Lactate ‘T BJDHB’I"
FFA FFA T J l
Genetic Hyperinsulinism Fatty Acid Oxidation Gluconeogenesis Ketotic Hypoglycemia
Hypopituitarism in newborns Defects Defects Glycogenoses
Transitional Neonatal Hypoglycemia GH deficiency
Perinatal Stress Hyperinsulinism Cortisol deficiency

Figure. Algorithm showing how the major categories of hypoglycemia can be determined with information from the critical
sample. GH, growth hormone.

Thornton et al

_240




Section 3. Management of Neonates, Infants,
and Children with a Persistent Hypoglycemia
Disorder

3.1. For neonates with a suspected congenital hypoglycemia
disorder and older infants and children with a confirmed hy-
poglycemia disorder, we recommend that the goal of treat-
ment be to maintain a PG concentration >70 mg/dL
(3.9 mmol/L). GRADE 1++00.

3.2. For high-risk neonates without a suspected congenital
hypoglycemia disorder, we suggest the goal of treatment be
to maintain a PG concentration >50 mg/dL (>2.8 mmol/L)
for those aged <48 hours and >60 mg/dL (>3.3 mmol/L)
for those aged >48 hours. GRADE 2+000.

3.3. We recommend an individualized approach to man-
agement with treatment tailored to the specific disorder, tak-
ing into account patient safety and family preferences.
Ungraded best practice statement.




Plasma glucose values in normal neonates:

A new look
220 1
. Srinivasan, M.D.. R 5. Pildas, MD., G. Cattamanchi, M.D.,
5. Voora, MD., and L. D. Llen, M.D. 2001
!
Table. Plasma glucose values during first week of life s )
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e Figure. Predicted plasma glucose values during first week of

life in healthy term neonates appropriate for gestational age.

N=60 serial data+ cross sectional data in 2844 3¥ks GA, non high risk mothers, IV D10 during latsior,
25004000g9; Feeding at-8h of life, then g4 (formula feeding, only-16% breastfeeding)




Serum glucose levels in term neonates during the
first 48 hours of life

Louis J. Heck, M.D., and Allen Erenberg, M.D.

Table Il. Maternal and neonatal serum glucose values (mg/dL): Combined groups

Percentile Matemal Cord { Hr 2 Hr 5-6 Hr 10-14 Hr 20-28 Hr A44-52 Hr
5th 73 63 36 g 14 33 46 48
a0th 104 0] 36 54 56 56 6l 65
95th 188 158 99 &89 77 74 &1 79
n o7 110 113 107 105 102 101 92
Mean 112 a7 60 a1 56 56 61 a4
sD 37 29 18 15 11 12 10 10

N=114, 3742wks, healthy pregnancies (no IDM, PIH, fetal distress, medications)
Feedings at 2,-6h (gq4h) breastfed (n=64) or formula fed (n=50), combined (n=114)
Breastfed infants had lower mean-{8ng/dl) glucose values compared to formula fed infants

Clinical and laboratory observations, Vol 110, 1986




Neurodevelopmental outcome

Lucas 1988, 1999

<1850g, n=661, preterm and sicker patients

BG<47 for >5days associated with decreased MDI/PDI at 18months

No difference in the -Byear outcome
Tim 2012

<32wks, BG <47 on>2days, n= 47 out of 566 , no diff in 2 and 15yr outcome

Kerstjens2012

32-35wks, n=832, BG<30 in the first 72h, increased risk of developmental delay at 4yr per parental report
Kaiser 2015

N=1395, 1998 birth cohort, 282wks GA, universal glucose screening

Transient hypoglycemia (x1 @<3h) <35, <40, <45 were associated with Wayssdé school
performance




Dextrose gel for neonatal hypoglycaemia (the Sugar Babies
Study): a randomised, double-blind, placebo-controlled trial

Deborah L Harris, Philip ] Weston, Matthew Signal, J Geoffrey Chase, Jane E Harding Lancet 2013; 382: 2077-83

Randomized, doubtblind, placebo controlled trial

3542wks GA, at risk for hypoglycengi#DM, LGA, SGA, preterm (n=514)
40% Dextrose gel 200mg/kg (n=118) vs. placebo gel (n=119) and feed
BGS measured at 1h,¢® for 24h and then g@h after 24h

Continuous glucose, monitor placed in thigh

Primary outcomeg treatment failure BG<47mg/dl (2.6mmol/L)

95% breastfeeding rate

Dextrose gel reduced the frequency of treatment failure, less NICU admit, better
breastfeeding at 2wks compared to placebo
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Outcome at 2 Years after Dextrose Gel Treatment for Neonatal
Hypoglycemia: Follow-Up of a Randomized Trial
Deborah L. Harris, PhD'*%, Jane M. Alsweiler, FRACP, PhD?, Judith M. Ansell, PhD?, Gregory D. Gamble, MSc?,

Benjamin Thompson, PhD?, Trecia A. Wouldes, PhD*, Tzu-Ying Yu, PhD?, and Jane E. Harding, FRACP, D Phil®, on behalf of the
Children with Hypoglycaemia and their Later Development (CHYLD) Study Team*

N=184 (78% f/u rate)

No difference in the neurosensory impairment or the processing difficulty between those who
received Dextrose gel or placebo

Overall 36% neurosensory impairment in this group (although majority were mild impairment)




Neonatal Glycemia and Neurodevelopmental
Outcomes at 2 Years

Christopher J.D. McKinlay, Ph.D., Jane M. Alsweiler, Ph.D.,

A
Adjusted Risk Ratio (95% ClI) Adjusted Risk Ratio (95% Cl)
No./Total No. (%) of Neurosensory Impairment No./Total No. (%) of Processing Difficulty
No Hypoglycemia (reference)  73/188 (39) I’ 27/171 (16) ¢
Hypoglycemia  79/216 (37) -—0;—- 27/198 (14) .i
Hypoglycemia =3 Episodes 9/34 (26) ® : 2/31 (6) & :
Hypoglycemia =3 Days 1/12 (8) —e i 0/11 i
Severe Hypoglycemia  28/64 (44) -—:.—- 10/53 (19) : &
O.IU 0{5 1{0 1!5 210 [}!0 0{5 1!0 1{5 2!0 2!5
fess Impairment More Impairme:t ‘:Less Difficulty More Difficulty g

N=404 (77% f/u rate)

25% of infants had undetected hypoglycemia, but not associated with higher risk of impairment.

25% of those treated for neonatal hypoglycemia had at least 5 hours of low interstitial glucose

Lowest blood glucose, number of hypoglycemic episodes, and number of combined hypoglycemic events
(blood and interstitial episodes) did not predict later neurodevelopmental impairment

DOI: 10.1056/NEJMo0al504909




Neonatal Glycemia and Neurodevelopmental
Outcomes at 2 Years

Christopher J.D. McKinlay, Ph.D., Jane M. Alsweiler, Ph.D.,

Blood Glucose

Percent of time outside central band
during the first 48 hr
(Q1-5: 0, 33, 50, 60, 73%)

Mean during the first 48 hr
(Q1-5: 40, 56, 59, 65, 70 mg/dl)

Interstitial Glucose

Percent of time outside central band
during the first 48 hr
(QL-5:0, 23, 41, 57, 74%)

Mean during the first 48 hr
(Q1-5: 47, 58, 63, 67, 76 mg/dI)

Maximum during the first 12 hr
(Q1-5: 45, 63, 70, 77, 88 mg/d)

Adjusted Risk Ratio (95% CI)

Adjusted Risk Ratio (95% Cl)

No. of Neurosensory Impairment P Value No. of Processing Difficulty P Value
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Central band 542mg/dI




Neurosensory impairment associated w

AHigher interstitial glucose in <48h

/_,\\Illl . I. ..I I . 12h

ASteeper rise in interstitial glucose <12|
with dextrose treatment

AU shaped relation:

Alnfants in the highest quartile of time
outside the central band (BG Y2mg/dl)
were more likely to have cognitive delay
and this was not due to hypoglycemia.




