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Normal Newborn Glucose Homeostasis

AGlucose is the major energy substrate
for placental and fetal metabolism

A At term, fetal levels ~10 mg/dL <
mother

AMaternal glucose concentrations
mg/dL

Aln normal term newborns, levels reat
nadir to 5560 mg/dL between 2

hours

AOver the first few days, levels steadily
Increase to >70 mg/dL

e mg /0GmI
o -

Blood Glucos

CornblathNEJM 1965273:37881

@ gﬁﬂgsstgct)sepi?alth J Pediatr2015; 166:152G *multiply by 1.15 to convert to plasma levels



Glucose Nadirs
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At birth, the continuous utergolacental umbilical infusion of glucose ends and levels nadir during the first several hours

Penn Health :
@ Cﬁldre,it 3ct)sepit:a . Kaiser, et alNeonatology2018;113(4):353
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PennState Health Br J Nutr 1984;52:8795, Am JClin Nutr 1988;48:137586,J AmColl Nutr
Children’s Hospital 2001;20:20911, Am JClin Nutr 1991;54:8192, Am J Dis Child1986;140:93%



Hypoglycemme an Imbalance between
Glucose Supply. and Utilization

A Decreased
substrate (e.g.,
IUGR)

A Hyperinsulinism
A Endocrine

abnormalities
A IEM

AEERE Glucose
el Utilization
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Responses of Adults a \(: to Specific
Glucose:Concentrations

Adults

Clinical Counter-regulatory response
a

PennState Health : _ ;
Children’s Hospital Diabetic Emergencies, 2012



Responses ¢! and Newborns t&pecific
Glucose:Concentrations

Adults Newborns

PennState Health : _ :
@ Children’s Hospital Diabetic Emergencies, 2012



Why are Newborns More Susceptible to
la?

A The newborn brain usegucoses 1ergy substrate, and can account for
up to 90% of the total gluco
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Impairing normal glucose homeostasis
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Hypoglycemia: Evidences Eminencéased

AXYy 2 & dzoealldlehcy5ba§ediptogress In defining what constitutes newborn
hypoglycemia and its relation to brain injury

AMonitoring, prevention, and treat ewborn hypoglycemia remains largely
empirical, and has been deba

AGuidelines make practical r
hypoglycemia based on ex
evidencedbased longerm f

A Some international bodies
treatment and managemen
There is no higlguality evide
hypoglycemia!

ANeonatal hypoglycemia may be one of the most preventable causes of brain injury,
on the other handovertreatment may lead to decreased breastfeeding and brain
changes from repeated pain from heel lances, and treatment has never been
shown to bebeneficial

screening and managing neonatal
cebasedE Xrather than

P) and higher (PES) thresholds fo
ucity of Faglality evidence.
nagement of transient neonatal

PennState Health e :
Childrer’s Hospita Pediatrics 2011; 127:579 (AAP); J Pediatr2015; 166:152% (PES)



Clinically: Significant Hypoglycemia
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Knowledge-Gaps with Defining
Neonatal Hypoglycemia

AKnowlec of neonatal
hypog| ds (mg/dL),
Yy VA OI t
>6,00

@ PennState Health J Pediatr2009: 155:6127
Children’s Hospital
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Flaws in the Definition of
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American Academy -"‘; FROM THE AMERICAN ACADEMY OF PEDIATRICS
of Pediatrics N
PLDWCATED TO THE MEALTH OF ALL CHILDRIN™

Cusdance for the Cliniclan In
Rendering Pediatric Care

Clinical Report—Postnatal Glucose Homeostasis In
Late-Preterm and Term Infants

2011

AThis report provides g
the screening and s
hypoglycemia, in la
iInfants

AXSELIS NI LI

AX A ( pragénatitapproach to a controversial issue for
whichevidence Is lackinigut guidance is needed

uide and algorithm for
anagement of neonatal
d term SGA, IDM/LGA

Pediatrics2011; 127:57%



Screening and Management of Postnatal Glucose Homeos
in Late Preterm and-Term SGA, IDM/LGA Infants

AAP ASYMPTOMATIC

Birth to 4 hours of age 4 to 24 hours of age

INITIAL FEED WITHIN 1 hour Continue feeds q 2-3 hours
Screen glucose 30 minutes after 1* feed Screen glucose prior to each feed

Initial screen <25 mg/dL Screen <35 mg/dL

Feed and check in 1 hour Feed and check in 1 hour

<25 mg/dL <35 mg/dL
IV glucose’ : IV glucose’
Target glucose screen 245 ma/dL prior fo routine feeds 2011

* Glucose dose = 200 mg/kg (dextrose 10% at 2 mUikg) andlor IV infusion at 5-8 mgkg per min (80~100 mLkg per d). Achieve
plasma glucose level of 40-50 mg/dL.

PennState Health - _ :
@ Children’s Hospital Pediatrics2011; 127:579
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Recurrent, Prolonged, and Severe: Neonatal Hypoglycemi
Associated with Poor Loferm Neurodevelopment and
Neurocognitive:Function (and-brain damage)
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Unique Data and Resources Available in Arkan
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APlasma glucose
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Arkansas Dataset
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Initial Glucose Concentrations in-Healthy Term Newborns w
Associated with'dGrade 'Literacy Achievement Test Score:

ASSTAVAUAZY
ACdzt f GSNX 0
AAGA (10L dPeile)
AApgar scorex T

ANo maternal DM or
substance abuse

ANo polycythemia

Redded Gack 4 Literature Scae Soae
o w o o [=}] [s>] [=>] [=}] (o] -~
N o [=2] (=] [=] N e [=2] (=] (=]
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Multivariate Logistic Regression
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Multivariable Logistic Regressteimg/d. cutoff

TABLE 3. Final Models of Multiple Logistic Regression Predicting Achievement-test Proficiency

Literacy Mathematics
Variable aOR (95% CI) P Value aOR (95% CI) PValue

002

After adjusting for m IS, the odds of being
proficient for normoglycemic newborns were about 2
times that of hypoglycemic newborns

PennState Health

Childrer’s Hospital JAMA Pediatr2015; 169:9131



<35, <40, and <45 mg/dL Cutoffs for Transien
Hypoglycemia were Significant

Glucose Cutoff
(mg/dL)

Literacy Mathematics

@ PennState Health JAMA Pediatr2015: 169:9121
Children’s Hospital
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Does Early Feeding Affect Initial
Glucose Concentrations?

The Effect of Early Feeding on Initial Glucose Concentrations in
Term Newborns

Yin Zhou, MD', Shasha Bai, PhD?, Joshua A. Bornhorst, PhD?, Nahed 0. Elhassan, MD, MPH?, and Jeffrey R. Kaiser, MD, MA®

(J Pediatr 2017;181:112-5)

Objective To evaluate the influence of early feeding on infial glucose concentrafions in heatthy tem newboms
Who were not at isk for hypoglycemia.

@ PennState Health J Pediatr2017:181:11%5
Children’s Hospital
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Glucose Concentrations for Early and Late Feeders
Relation to.the-Glucose Screen




Breastfed vs Formuled
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Dextrose gel for neonatal hypoglycaemia (the Sugar Babies

Study): a randomised, double-blind, placebo-controlled trial

Deborah L Harris, Philip ] Weston, Matthew Signal, | Geoffrey Chase, Jane E Harding Lancet 20 13 r 3 82:2 D??_'B 3

Als treatment with 40% dextrose gel (buccally applied)
more effective than feeding along for reversal of
neonatal hypoglyce babies?

ARCT
A40% dextrose (n=

Al°outcome:treatme efined as BG
concentration <47 m ter 2 treatment attempts

A2°outcome:NICU admission for the treatment of
neonatal hypoglycemia

bo (n=119) gel

@ PennState Health Lancet2013:382:207783
Children’s Hospital



Sugar:Babies Study: Results

% Treatment Failure % NICU Admission for Hypoglycemia

Dextrose Placeho Dextrose Placebo

PennState Health
@ Children’s Hospital Lancet2013;382:207-83



Does Prophylactic Dextrose Gel Prevent
atal Hypoglycemia?

A Pliot Stuc

Neonatal-P el |l ow at

PennState Health _
Children’s Hospital PediatrRes2018:198:1561
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Design/Methods

AQuasiexperir
AStudy ent

A After bi
gel aft

AOthe
AConse
Alnclusio

AExclusio
BW criterie

ility:

actic dextrose

>4000 g

meet GA or
omalies

@ PennState Health Pediatr Re<2018:198:15651
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Prophylactic Dextrose Gel Procedure

11123

Birth }

Feeding ¢

l Dextrose Gel Gt
0.5 ml/kg

Control Group

BG checked 30
min later

PennState Health : = -
@ Children’s Hospital Pediatr Re018;198:1561



No Difference insiBlood Glucose
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No Difference in NICU Admission

for treatment of hypoglycemie
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Conclusion/Speculation
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Conclusion/Speculation
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PennState Health : _ :
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After the Study was Completed and Durlng
SYata ! if VS A aAaxX

Prophylactic Oral Dextrose GeI for Newborn
Babies at Risk of Neonatal Hypoglycaemia: A
Randomised Controlled Dose-Finding Trial

(the Pre-hPOD Study)

Joanne Elizabeth Hegarty'%, Jane Elizabeth Harding', Gregory David Gamble’, Caroline

Anne Crowther’, Richard Edlin®, Jane Marie Alsweiler’%**

PLOS Medicine | DOI:10.1371/journal.pmed.1002155 October 25,2016

PennState Health :
Children’s Hospital PLOS Med2016; 10.1371/journal.pmed.1002155
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PrehPOLCStudy

Alx 2 dzilggo during 48 hours

AH x 2 dzia oglycemia

ANewborns r dose of 200
mg/kghad t .04)

ANewborns of dextrose
gel were les

ANICU admissi ess common (RR

0.46, CD.21-1.0

@ PennState Health PLOS Med2016; 10.1371/journal.pmed. 1002155
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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*

% Neurosensory Impairmen % Processing Difficulty

Dextrose Placebo Dextrose

PennState Health :
@ Children’s Hospital J Pediatr2016; 170:54€



Association of Neonatal Glycemia with
Neurodevelopmental Outcomes at 4.5 Years

Visuatmotor
Integration Problem

Neurosensory Impairment  Executive Function Difficulty

60
50
40
30
20
10

Normoglycemia Hypoglycemia

Normoglycemia Hypoglycemia

0

Normoglycemia Hypoglycemia

Neonatal hypoglycemia was associated with a ddspendent increased risk of poor
executive function and visual motor function at 4.5 yeansgy influence later learning

PennState Health : :
@ Children's Hospit! JAMA Pediatr2017;171(10972-83



PennState Health BMJ1988;297:13048; Arch Dis Child2005;90:7881; Pediatrics2012;130:e1495603
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Proposed Randomized Controlled Trial for the
Treatment of ASy Ic -Transient Neonatal

Hypoglycemie
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HIE and-Glucose and BCO

Cytoplasm @

ATP

Oxidative
Phosphory-
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Cellular Metabolism
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Cellular Metabolism

Glucose

+ 6(0,) — 6 (CO,) +6(H,0) + ATP

PennState Health Glucose Oxygen Carbon Water
@ Dioxide

Children’s Hospital



Hypoxic Ischemic Brain Injury
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Glycemidrofilein Infantswith HIE

Multi-organfailure

Liver injury
Depletion of ¢ Acute brain injury,
stores ed brain tissue has

lGIuconeoge sed metabolism
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Hypoglycaemia and hyperglycaemia are associated
with unfavourable outcome in infants with hypoxic

ischaemic encephalopathy: a post hoc analysis

of the CoolCap Study

Hypoglycemias
associated with 6.2
Increased risk of
unfavorable
outcome

Hyperglycemias
associated with 2.7
Increased risk of
unfavorable
outcome

Percentage of subjects

EEEEEREREER

PennState Health _ :
Children’s Hospital Basu et alArch Dis Child Fetal Neonatal #il6;101:F14%5



Hyperglycaemia in infants with hypoxic—ischaemic
encephalopathy is associated with improved
outcomes after therapeutic hypothermia:

a post hoc analysis of the CoolCap Study

Table 3 Effect of hypothermia therapy on risk of death and/or severe neurological disability at 18 months
Rate of primary outcome Relat ive difference® in risk Absolute difference” in risk

Cooled Not cooled
Group nftotal (%)  wiotal (%)  Unadjusted RR (95% CI)  aRR {95% CI) Unadjusted RD (95% Cf}  aRD (95% C1)

el 54799 [55) 89 (67 081 {064 o 1.02) 077 {063 0 03) —13% (—26% 1o 1%) —16% (—28% to —3%)

12-hour Glucose
zsu: ) 2uz (S0 0.9 (064 10 1.49) [ossrowin] 1% wan 5% —2%% 0 16%]

I-I'p:gﬁaum 45 B0 11713 (85) 095 (058  1.55) 108 (052 0 2.00) —5% (—45% to 36%) 1% {—53% b 55%)
Hpemhraamia 2747 (58) 3440 (80) Q.72 {054 1 0.9) 080 (0660 09) —23% (—41% to —4%) —I2% {—39% to —4%)
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Hyperglycaemia in infants with hypoxic—ischaemic
encephalopathy is associated with improved
outcomes after therapeutic hypothermia:

a post hoc analysis of the CoolCap Study

Table 3 Effect of hypothermia therapy on risk of death and/or severe neurological disability at 18 months
Rate of primary outcome Relat ive difference® in risk Absolute difference” in risk

Cooled Not cooled
Group nftotal (%)  wiotal (%)  Unadjusted RR (95% CI)  aRR {95% CI) Unadjusted RD (95% Cf}  aRD (95% C1)

Dvesll 5489 {5) B9 (a7) 081 (064 1.02) 0.77 (063 0 0.94)  —13% (—25% to 1%) —16% (—28% to —3%)
12-hour Glucose profile
Morm mia 2347 #9) 204z (50) 0.98 (064 0 1.49) 0.95 (0700 1.27) —1% (—22% to 20%) —5% (—26% 1 16%)
Hgtoghyc aeamis 45 @80 11113 (85) 095 (058 © 1.55) |1.ﬂ3 {052 I.ﬂﬂl —5% (45% to 36%) |Hh (53% b 551.]|
Hiytoyeag by 22113 2747 (58) 32740 (80) 0.72 (054 © 0.95) 0.80 {066 w0 9M)] —23% (—A1% to %) — 1% (—39% to —4%)
"The mlemnce goup comits of infants that ae ‘not moled” for sl mldive risk and RD models.

iThe HNT & cdculsted ‘ﬂ'l'l'lf'!.'ﬂ]pﬂ"l'l. ammerdpamuwmnhﬂiﬂm Tl il P 16 hﬂdhﬂﬁmmﬂﬂﬁlﬂmm.m
NNT i rounded 10 The next bighest whabe integer. The NNT i not esimated for he byto glycsemia group since e poir exBmate doss not relba a dik reducon aresed by
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Rl s risk diflerence SRR, scjuted risk ratio; MNT, rumier nesded 1o Basl
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Hyperglycaemia in infants with hypoxic—ischaemic
encephalopathy is associated with improved
outcomes after therapeutic hypothermia:

a post hoc analysis of the CoolCap Study

Table 3 Effect of hypothermia therapy on risk of death and/or severe neurological disability at 18 months
Rate of primary outcome Relat ive difference® in risk Absolute difference” in risk

Cooled Nt conled
nftotal (%)  wiotal (%)  Unadjusted RR{95% CI)  aRR {95% CI) Unadjusted RD 85% CI}  aRD [95% CI)

el 54199 [55) a9 (87) 081 (064 © 1.02) 0.77 (063 0 094) —13% (—26% to 1%) —16% [—28% to —3%)
12-hour Glucose profile
2347 {19) 21/42 {50) 038 (0.64 1 1.49) 09 (000127 —1% (2% to 20%) —5% (—26% D 16%)
45 B0 11713 (85) 0.95 (058 1 1.55) 108 (052 ©2.00) —5% (—45% to 36%) 1% {—53% 1o 55%)

2747 (58) 3440 (80) Q.72 {054 1 0.9) Il‘.'l.lﬂ:] {066 B IL'I.'EI'!II —23% (1% to —4%) —I2% (—3%% to A%)] 5

"The mbemrie group s s of irtars that e ot aobed” tor sl eldive risk and RD modeks.
1The NNT i ¢ deulsted fom the sRD poim stimate and prees The number of irlars tit would hawe 10 be moled in order b prevent ane urtlavousstile 18-month outame. The
NNT i rounderd 10 1he next Fighest whabe imeger. The MNT i riot esmated kor the Inpoglycsemia groun snce e poin esimate doss not relic) & dik reducBon coresed by

by prtrer i Brenacn.

ARy adprted risk diflerence aRR, adjied risk ralio; WNT, nummier nested 1 pesl
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Rate of Death and/or Disability in Infants with HIE i
Increased with Greater Exposure to Hypocapnia

Rate of Death or Disability (%)

Cumulative exposure (in hours) to hypocapre mm Hg)

PennState Health : EQ-
@ Children's Hospital Pappas, et all Pediatr2011;158:7528



LowerPCQis Newborns with HIE Is Associated
with Unfavorabie:Outcomes

Moderate HII:/'

Bad Outcome——

0 40
PCO; (mm Hg)

PCQ—

PennState Health - - .an-
@ Children’s Hospita Lingappan et alPediatrRes2016;80:2043
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ASYMPTOMATIC
American Academy of Pediatrics (AAP)-adapted Pediatric Endocrine Society (PES)-adapted

Birth-4 h Birth-48 h

~

<25 mg/dL 25-40 mg/fdL <25 mg/dL 25-50 mg/dL »50 mg/dL

—i.,ﬁ,

<25 mg/dL 25-40 mg/dL <25 mg/ 25-40 mg/dL

F

=40 mg/dL

25-50 mg,/dL

<35 mg/dL 35-45 mg,/dL

! i =50 mg/dL
a LE3: eyt

<35 mg,/dL 35-45 mg/dL

.--“__‘_-i_h“"“
NiICU
s Management of asymptomatic at risk-newboms: 35-36
weeks, IDMs, SGA, and LGA using AAP vs PES Guidelines

=45 mg/dL *45 mg/dL

¥
____}__“_ Feed: breastfeeding, donor breastmilk, or formula
- .
Gl e POC glucose: use Nova Biomedical StatStrip

CHEEIEE

Dextrose gel: 0.5 ml/kg massaged into left and right buccal

<45 mg/dL >45 mg/dL mucosa
g/ e/ AAP: If newborn has POC glucose »45 mg/dL (4-48 h) and

follow-up value is =45 mg/dL, then return to age-based
algorithm for management; if remains low, admit to the NICU
PES: If newborn has POC glucose =50 mg/dL (Birth-48 h) and
follow-up value is <50 mg/dL, return to algorithm for

=45 mg/fdL =45 mg/dL . . .
Penn management; if remains low, admit to the NICU
L2 May give up to 3 doses of dextrose gel

Childre & __Nlcﬁ__::)

S——

24-48 h




Achievement Test Scores for
Hvpoalycemic and Normoglycemic

1000

800

0 200 400 600
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BN <ss5mgrdl [ ] =35 mgrdL
] <aomgrd [ | =40 mg/dL
BN <45 mgrdl [ ] =45 mg/dL

Unadjusted

PennState Health :
Children’s Hospital JAMA Pediatr2015; 169:9121



Year
Multicenter
Population

Hypoglycemialefn

N (%) hypoglycemic

Plasma glucose
Duration of monitoring

Preset sampling
Prospective data
collection

Study design
Adjusted for SES/Mat E
Tests

Hypoglycemia: poor
outcome

PennState Health
Children’s Hospital

Comparison of
Neurodevelopmental Studies

Lucas
Mdyy
Yes, 5
LBW <1850 g
661
1.5 years
92%

O0SI NI e WYWynan

Xnp Y3IkR]

104 (16%)
Lab (plasma)
9 weeks

No

Yes

Prospective observationa

Yes
Bayley

BMJ 1988;297:13048



Year
Multicenter
Population

Hypoglycemialefn

N (%) hypoglycemic

Plasma glucose
Duration of monitoring

Preset sampling
Prospective data
collection

Study design
Adjusted for SES/Mat E
Tests

Hypoglycemia: poor
outcome

Comparison of
Neurodevelopmental Studies

Brand
HNnp-98) Wt
No
Healthy term LGA

75

4 years
64%

<40 at 1 hr, <45 mg/dL afte

60 (80%)
? (blood glucose)/plasma
DOL #1
Yes

Yes
Prospective
No
Denver, Behavior, 1Q

No

PennState Health , : s



Year
Multicenter
Population

Hypoglycemialefn

N (%) hypoglycemic
Plasma glucose
Duration of monitoring

Preset sampling
Prospective data
collection

Study design
Adjusted for SES/Mat E
Tests

Hypoglycemia: poor
outcome

PennState Health
Children’s Hospital

Comparison of
Neurodevelor ment Studies

<32 weeks
566
15 years
81%
Xnp Y3IKR]

47 (8%)
Lab (blood glucose)
10 days
Yes

Yes
Prospective caseontrol
No

IQ

No

Pediatrics2012;130:e149603



Comparison of
Neurodevelor mental Studies

Lucas Brand Kaiser
Year Mpyy OSI NI & Wmmapos) W HnMH—9]QLIJo|on HAMpPp O WYdy
Multicenter Yes, 5 No Yes, 13 No
Population LBW <1850 g Healthy term LGA <32 weeks 23-42 weeks

661 75 566 1395
1.5 years 4 years 15 years 10 years

92% 64% 81% 72%

Hypoglycemialefn Xnp Y3IkR[ 2980akbhr,RAS&ng/dLafte XKmp Y 3IKR] <35, <40, <45 mg/dL
89 (6.4%); 143 (10.3%); 269
N (%) hypoglycemic 104 (16%) 60 (80%) 47 (8%) (19.3%)

Plasma glucose Lab (plasma) ? (blood glucose)/plasma  Lab (blood glucose) Lab (plasma)
Duration of monitoring 9 weeks DOL #1 10 days 3 hours

Preset sampling No Yes Yes Yes

Prospective data
collection Yes Yes Yes No

Study design Prospective observationa Prospective Prospective caseontrol Retrospective
Adjusted for SES/Mat E Yes No No Yes
Tests Bayley Denver, Behavior, 1Q 1Q Achievement tests

Hypoglycemia: poor
outcome Yes No No

@ PennState Health JAMA Pediatr2015:169:9121
Children’s Hospital



BlonAd Ketnnac Aftar' A2 -Haniire nf-Ane in Rraactfaq |nf
and the Relationship to Glucose Concentratlons

PennState Health : :
@ Children’s ﬁ(t,?pita?a . Futataniet al.J Pediatr2017;191:76381



