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Learning Objectives:

e Discuss the unpredictable nutrient needs and etiology of growth failure in term
infants with congenital heart disease (CHD)

e Review the initiation and advancement of enteral nutrition support in patients
with CHD

e Summarize evidence-based recommendations on determining energy and
protein requirements for critically ill term infants with CHD

e Review a case study of a critically ill term infant with CHD on an Energy and

Nutrient Dense Formula (ENDF)
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Objectives

heart disease (CHD)

Discuss the Review the initiation
unpredictable nutrient and advancement of
needs and etiology of enteral nutrition
growth failure in term support in patients
infants with congenital with CHD

Summarize evidence-

recommendations on
determining energy
and protein
requirements for
critically ill term
infants with CHD

Review a case
study of a critically
ill term infant with
CHD on an Energy
and Nutrient Dense
Formula (ENDF)

Guidelines for the Provision and Assessment of Nutrition Support
Therapy in Pediatric Critically lll Patient: Society of Critical Care
ici i Society of F and Enteral Nutrition

Mehta, et al.

o Focused on critically il children but excluded term
infants

Nutritional support for children during critical illness: European
Society of Pediatric and Neonatal Intensive Care (ESPNIC)

it ine and ition section position statement
and clinical recommendations
Tume, et al.

o Included term infants, but no specific focus on infants
with CHD

Mehta et al. JPEN. 2017. 2 Tume et al. Intensive Care Med. 2020.
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Gap in CHD Representation

o 2017 SCCM/ASPEN Guidelines' |
o Focused on critically ill children but Neonatal Cardiac

excluded term infants Care Collaborative
- (NeoC3)3

Nutrition Section

o 2020 ESPNIC Guidelines?
o Included term infants
o No specific focus on infants with CHD

'Mehta et al. JPEN. 2017. 2Tume et al. Intensive Care Med. 2020. 3Mills et al. Pediatrics. 2022.
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Nutritional Considerations for the
Neonate With Congenital Heart Disease

Kimberly 1. Mills, MD; Jae H. Kim, MD, PhD; Kristi Fogg, MS, RD, LDN; Nimrod Goldshtrom, MD;
Eric M. Graham, MD; Jasmeet Kataria-Hale, MD; Scott W. Osborne, MD; Mayte Figueroa, MD

Mills KI, Kim JH, Fogg K, Goldshtrom N,
Graham EM, Kataria-Hale J, Osborne SW,
Figueroa M. Nutritional Considerations
for the Neonate With Congenital Heart
Disease. Pediatrics. 2022 Nov

1;150(Suppl 2):€2022056415G. doi:
10.1542/peds.2022-056415G. PMID:
36317972,

NeoC3 Nutrition Section

Multidisciplinary nutritional support specialists

Generated 6 clinical questions commonly debated
among clinicians

Comprehensive literature review 2000-2019
- Study Population:

Critically ill neonates (> 37 weeks estimated gestational age & <28 days old) and infants
(>28 days old) up to 6 months of age with CHD

NOT preterm infants

Structural, myopathic or arrhythmic diagnoses

[NeoC3 = Neonatal Cardiac Care Collaborative

9
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F WHY IS NUTRITION IMPORTANT IN INFANTS AND CHILDREN?

The first 1000 days *

« Critical period of brain growth and development
« Inadequate nutrition

1 Georgieff MK et al, Acta Paediatr. 2018:107:1310-21
Rossetal AmHeart 12020:224:25:9

11

F WHY IS NUTRITION IMPORTANT IN INFANTS AND CHILDREN?

The first 1000 days !

« Critical period of brain growth and development
« Inadequate nutrition

Inadequate Nutrition Support *

« Cognitive developmental delays
* Decreased growth potential
* Decreased immune function

1 Georgieff MK et al, Acta Paediatr. 2018:107:1310-21
Rossetal AmHeart 12020224.25.9
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' WHY IS NUTRITION IMPORTANT IN INFANTS AND CHILDREN?

The first 1000 days *

* Critical period of brain growth and development
* Inadequate nutrition

Inadequate Nutrition Support *

 Cognitive developmental delays
* Decreased growth potential
* Decreased immune function

Lower HAZ and WAZ in neonates with CHD are
associated with?:

« Increased mortality
* Infection

* Longer hospitalizations

« Adverse surgical outcomes

1 Georgieff MK et al, Acta Paediatr. 2018:107:1310-21
2Rossetal AmHeart ] 2020:224:85:9
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ETIOLOGY OF GROWTH FAILURE
IN INFANTS WITH CHD
IS MULTIFACTORIAL

Etiology of Malnutrition

Gut dysbiosis Exaggerated metabolic stress response

Fluid restriction Growth Failure Oropharyngeal dysphagia

Intolerance and malabsorption Intestinal ischemia

Associated syndromes

15
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ENERGY AND PROTEIN GOAL

DETERMINATION

i CALORIE AND PROTEIN NEEDS: NEONATES WITH CHD

Recommended energy requirement for healthy term neonates®:
90-120 kcal/kg/d

Minimum recommended protein requirement for critically ill neonates*:

“...recommend a minimum protein intake of 2-3 g/kg/d.”

Mehta et al. Pediatr Crit Care Med. 2017. *Pediatric Nutrition. American Academy of Pediatrics. 2020,

17

i CALORIE AND PROTEIN NEEDS: CHILDREN WITH CHD

ASPEN Guidelines for the Provision and Assessment of Nutrition Support
Therapy in the Pediatric Critically Ill Patient®

Recommended energy requirement for critically ill children:

“...We suggest that measured energy expenditure by IC be used to determine energy
requirements and guide prescription of the daily energy goal.”

Minimum recommended protein requirement for critically ill children:

“..we recommend a minimum protein intake of 1.5 g/kg/d. Protein intake higher than this
threshold has been shown to prevent cumulative negative protein balance in RCTs.”

IC = indirect calorimetry; RCT = randomized controlled trials
Mehta et al. Pediatr Crit Care Med. 2017

18
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' DETERMINATION OF ENERGY REQUIREMENTS

Yaron Aviteur, D

., MD

Resting Energy Expenditure in Children With Cyanotic
and Noncyanotic Congenital Heart Disease Before
and After Open Heart Surgery

Ovdi Dagan, MI%: Eran Kozer, MD**; Dana Abramoviteh, RD*;
v, and Rax MD*%

* No difference in REE between
cyanotic vs. acyanotic

+ 4 REE preop CHD vs. postop/controls

* Measured REE significantly

Db B e different than calculated

Day5

59:10

6t027

221024

ts

of the study groups
Noncyanotic
p<0001

Day-1 Days

589 62+10

1t029
18106

CHD = congenital heart disease, REE = resting energy expenditure
jitzur et 2l JPEN 200

Indirect calorimetry = “gold standard”

to evaluate n needs

~Several limitations for use-

e
P sk
Age (years) Girls Boys s
<3 58.317 x W - 31.1 59.512 x W - 30.4 -
3-10 20.315 x W +485.9 22.7USXW+504.3/
10-18 13.384 x W + 692.6

W =weightinkg. +/- stress factor?

|
17es W eS8 /
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ENTERAL NUTRITION
INITIATION AND

ADVANCEMENT IN INFANTS
WITH CHD
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Decreased
Infectious
Decreased ctiov
complications
rates of

BENEFITS OF ENTERAL NUTRITION

LN
Decreased Improved
rates of neurodevelopmental
CLD outcomes

CONCERNS WHEN INTRODUCING ENTERAL NUTRITION IN INFANTS WITH CHD

High incidence of structural

abnormalities

Intestinal atresias
TEF/EA

“Cardiac NEC” = mesenteric ischemia
or inflammation or EBD

bowel hypoperfusion / reperfusion -
> ischemia

bacterial translocation +
proinflammatory cytokine

fekeer “

PREOPERATIVE FEEDS: g s o e
PROTECTIVE EFFECTS OF HUMAN MILK g O ross
Human Milk use in the Pre-Operative Period is Associated with| ®
Less Risk for Necrotizing Enterocolitis in Neonates with g ReceedfesdbyN EE)
Complex Congenital Heart Disease £ Exclusive Unfortified BMD 198 (54.5)
D MSPH! 5, wo'25, M4, § s07.)
D', MD, S 25, AD"25, antin J. g
Roddy, MD'2*, Amy Mehollin-Ray, MD*, 500125, 13 151 416)
PharmD' 25 Amy Hair, MD' 25 -
inplace 184(507)

Bivariate Associations with Stage I1/11l
NEC in the Post-Operative Period

sk racor____| Oads rato |_95% 1| _-vaive _|

<37 weeks gestation 6.62 1.8023.91 0.004 Exclusively 017 0.04- 003
Unfortified BV 084
Feeds > 100 ml/kg/d 453 1.26-16.31 0.02 Diet
Received any fortified 3.99 1.04-15.3 0.04 Cardiac Lesion: 327 1.07- 0.04
i BV w/ductal 9.96
Dep L
Patient with BV w/ 375 1.03-13.56 0.04

Multivariate Regression Model

ErECTT—

ductal dep pulmonary
blood flow

* HM significantly decreases risk for NEC
* Feeds>100/kg/d associated with NEC
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POSTOPERATIVE FEEDS: WHEN TO INITIATE

Feasibility of initiating carly enteral nutrition after congenital heart]
+ Early EN initiation (~4-6 hrs) is feasible surgery in neonates and infants™

* Macronutrient intake improved Rajat Kalra. Rohit Vohra', Malti Negi, Reena Joshi. Neeraj Aggarwal, Mricul Aggarwal,
" . - K. hi
* No difference in clinical .l

Early ent
in congenital cardiac
eratively: A randomized
lcontrolied pilo

Remd B el S Ko L, o P8 g Al ki, oosms  waass 103 1305 e asma e nams
e . Dy Sngh', ! Devogey, Sockin e, : 8 . & :
o2 s sesan o3 1505 s pren [ h s
oars mss e 105 wnom sz s sons saaes
ouye Bowze mas s 2009 sea7 w1 e senssa
s man mmewas 1 219 s ey ssns 1033
oo a7 szt 1asn 2008 ana ssns i vass
[ w10 wasms waser  ysws 2 arms son e sa3s3

EN = enteral nutrition
115ahu et al. Ann Card Angesth.

25

alra et al. Clin Nutr ESPEN. 201

POSTOPERATIVE FEEDS: WHAT TO INITIATE

Tolerability and Effects of the Use of Energy-Enriched Infant o | Oddsat
0

001

Controlled Trial Diarrhea 6(208) 0(0000.7)
Diarrhea NGT 3
Vanessa Adriana ScheefTer, MID'“*; Cludia Pires Ricachinersky, MD; Darthes 5O B
Alcssandra Thaks Freitas’: Francis Satamon’; Flavia Feijo Nunes Rodrigucs, ¥
“Tamires Goldani Broodani, MIY; Andrea Tomasi Suil,
Cristina Melens Targs Ferreira, PAD, MD*; Ursula da Silveira Matte, PAD'; .
and Themis Reverbel da Silveira, PR, MD' * Energy-enriched
Comparison of wieght variation rate EN may be safe
i in EE- - X
during 30 days in EE-formula and S- and effective
formula i infant
Weight 25 -157£02 269402 0042 In infants X
following cardiac
ICULOS 7954142  1026%199 035 surgery
HLOS 144184 2019256 0057
MV-D %03:235 108.4%263 065 sascine : 210 wee  * Energy-enriched

was associated
with self-limited
diarrhea

o tenenton Group = Contrc Group

EN =enteral n

26

POSTOPERATIVE FEEDS: WHAT TO INITIATE

TABLE 2 Fomsing et cntcomes i ceical autocenes,

High-Energy Enteral Nutrition in P )
Infants After Complex Congenital o oo
Heart Surgery

02128 masna  osm
Ping Ni", Xi Chen', Yueyue Zhang', Mingjie Zhang', Zhuoming Xu'™ and Wenyi Luo ™! :
025128 24278 oo

Early initiation of high-energy EN may be safe and effective
in infants following cardiac surgery

C T

s o asm

- High-energy EN initiation was not associated with increased Howns iy 154003, 108
feeding intolerance . o
10

enteral nutrition
Front Pediatr. 202
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Control

POSTOPERATIVE FEEDS: Table I, m
WHAT TO INITIATE

NEC suspected NEC 5 (15.4)

e w0
e 109
With EHMD:
: . . Ophragmparasis | 1(15)
-Improved weight gain velocity e
-Decreased incidence of NEC
Pespaatve ws) 3653) os1
neurcogeal iy
_ _ — Mechanical 5051 sio) >
A Randomized Trial of an EXciusive Human WITK DIet In Neonates With | creuatcrysusport
Single Ventricle Physiology Unplanned 5(06) 6(109) 9

reoperation

Oyravia L. Blanco, MO', Ay Hai, MO, Lindsey 8. Jusic, OM”, Dantn Roddy, MO, Krst Bonaguro, D', Othermorbigy 60115 S(16.4) 6
Paticia K. Willams, MO', Dosiros Machado, WD', Bradiey . Marin, D', Aree G, D', Chery Takao, MO,
e o e 20, MPH) o . Frust, 0" . ot D | MOty alcsuse ) [as] 20143) P
230 D 5 Goopes, MO, MPH'", on Bl of the Carviac teonats Nutibon Sy Group” Woundinfecton  213.8) 3055 >3

Woundvac 1019) 355 &
Other events
ICULengthofstay  39(3253) a13675) o
(days)
Daysfromfirstfeed  22(1529) 2422.29) n
ToNDays 1@010) 13(1020) @
Hospiallengthof  50(43-79) s(s1-114) o
stay(days)
Surgery 0 €08 (day)  26(19:34) 300733 %

FEEDING PRACTICE IN INFANTS
WITH CHD:

STANDARDIZED FEEDING ALGORITHMS
IMPROVE OUTCOMES

Reduce rate and
severity of NEC

Reducing variation in feeding newboms with congenital

heart disease .
Decreased time on
Jsnet M, Simsic, MD | irby-Rose Carpenito, RD | Krlstin Kirchner, RD parenteral nutrition
Stephanie Peters, PNP-AC | Holly Miler Tate, RN | Brian Joy, MO
Mark Gaiantowicz, MO

Enteral feeding algorithm for infants with hypoplastic IeRl heart
syndrome poststage | palliation Decreased duration of
Nancy J. Braudis, AN, MS, CPWP. Martha A0, Curiey, 1, P, FAAN; Karon Beaugre, R, BSH; mechanical ventilation
K Thomas, 8, S G Hardean, R Pt Lauen, MESS: Kenbeie Giross, Sc, & infectious
Ravt R Thagaran, MD, WPH ications

7T n complicat
Improved Nutrition Delivery and
Nutrition Status in Critically 11l Children|
With Heart Disease

o, e G i

Decreased LOS and
improve anthropometrics

S G, g Ao . i P G4
AU, S . Bty B 8

NEC = necrotizing enterocolitis, LOS = length of stay
sic et al. Conaenit Heart Dis. 2017. Braudis et al. PCCM. 2009. Kaufman et al. Pediatrics. 2015.

CONCLUSIONS

+ Utilize estimating equations (Schofield) and follow impact with serial anthropometrics to prescribe energy intake
« Energy requirements:

) Higher in children with CHD
) preoperatively

) Lowin children with CHD during
) perioperative phase

* Malnutrition is:

mmon
Associated witl clin
outcomes.
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i CONCLUSIONS

« “Cardiac NEC” = mesenteric ischemia
+ Preoperative feeds are often safe and potentially beneficial
* “NEC” risk factors include:

Feeds > 100mL/kg/d

+ High-energy or energy-enriched formulas are well tolerated
+ Exclusive human milk diet may improve weight gain and decrease incidence of “NEC”

31

NUTRITION CHALLENGES FOR THE

INFANT WITH CHD

HOW CAN WE OVERCOME THEM?

F WHAT IS AN ENDF?

. 2.6 g of protein per 100 kcals

‘ 30 keal/oz infant formula to support high energy needs and fluid restriction

©2024 Nutricia North America
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GROW-IN STUDY: LONG-TERM US CLINICAL TRIAL IN
INFANTS WITH GROWTH FAILURE

ﬁ%) Design

o Prospective, open-label, multi-center study
o Upto 16-week intervention

o AssessmentsatO, 2,4, 8,12, and 16
weeks

) Study Population

o Infants 1- 8 months old with growth failure

i growt 1-Growth
due to cardiac and non-cardiac diagnoses

2 -Tolerance

3 - Safety

1. Nutricia North America.CHCHCH https://clinicaltrial

34

' GROW-IN STUDY: POPULATION CHARACTERISTICS

T [ S
Gender: n (%)
male 16 (61.5%)
female 10 (38.5%)
Gestational age” 37.4+32
Age at Visit 1 22.2+10.5
WAZ at birth (mean) -0.19
WAZ at baseline (mean) -2.92

' GROW-IN STUDY: FORMULA COMPOSITION

Study Formula Composition

WHO expert
Concentration 30 kcal/fl oz guidance:

Protein/100 kcal 26g ~9-12%

% En as Protein 10.3% R to promote accelerated
weight gain of 5-10

Osmolality, mOsm/kg 360

g/kg/d'

Nutritionally
complete for term /

infants with FTT

©2024 Nutricia North America
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?(;ROW-IN STUDY RESULTS: ANTHROPOMETRICS

Weight-for- Length-for- Weight-for- Head
age: age: length: circumference:

+0.86 +0.25 +0.77 +0.54

+0.74 +0.61 +0.81 +0.68
mean WAZ mean HAZ mean WHZ mean HCZ
from baseline from baseline from baseline from baseline
(p=0.0001) (p=0.003) (p=0.0001) (p=0.0001)

v GROW-IN STUDY: RATE OF CATCH-UP GROWTH

>WHO median:

Percentage of infants who achieved weight gain veIocityE

meeting weight

83%| [67% | |13% | mimste "

At 21 time For overall

gain velocity
point study criteria for | target by
period “early presence of

success™ CHD

GROW-IN STUDY:
ENERGY INTAKE REACHED TARGET RANGE

Total energy intake:
123432 kcal/kg/d

ENDF intake:
11632 kcal/kg/d

94.3%
average energy intake from ENDF
WHO expert 105-126 kcal/kg/d
guidance to promote accelerated weight
gain of 5-10 g/kg/d’

39
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GROW-IN STUDY RESULTS:

TOLERANCE
SPIT UP: -
28.

VOMITING:
3.8% ¥ 3.2%

GASSINESS:
2.6 1.9 times/day

CRYING: I l .
22415 hours/day o . - - [ |

Spit up, % Vomiting, % Gassiness/day Crying/day
saseline m 16 Weeks

*P<0.05

40

GROW-IN STUDY:
CONCLUSIONS

ePositively impacts growth]

e\Well-tolerated ]

eSafe }

CASE STUDY

©2024 Nutricia North America
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Case Study - Background

o Baby S term male prenatally N
known hypoplastic left heart
syndrome (HLHS) with mitral
atresia, aortic atresia, intact
atrial septum.

o Severe form of HLHS
o Born appropriate of
gestational age (3.32 kg)

[1.Vlahos, JE et al. Ci
2_Feinstein JActal

43

Case Study — Surgical History DJJNLC

o Day of life (DOL) two: s/p cath atrial septal stent
and pulmonary artery flow restrictors

o Two weeks of age: s/p OR Atrial septectomy, left
atrium, endocardial fibroelastosis resection and
removal of atrial stent

o Three months of age: s/p OR Stage 1 palliation

44

Case Study — Nutrition History DJJNLC

o Parenteral nutrition (PN) from DOL 1 until four
months of age
o Had been on/off trophic feeds (maternal breast milk)
o Around 3.5 months started to reliably advance
with maternal breast milk (unfortified) and std
dilution term infant formula
o Slowly advanced volume and calorie density (via

concentration and formula fortification), as PN
slowly weaned

45
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Case Study — Enteral Nutrition DJJNLC

o After 1 month of full enteral feeding, concern for
growth faltering

o Current Regimen: Std term infant formula
concentrated to 26 kcal/oz provided continuous
via NJT at 132ml/kg/d
o Provided: 114 kcal/kg/d, 2.4g/kg/d protein
o No concerns for intolerance

46

Case Study - Growth

Weight, Length, Length, . HC, Z- Wt/length, | Wt/length, Z-
k HC, %ile m
Z-score Yile Z-score score Yeile score
n 48 -0.05 86 1.12 6 -1.54 7 -1.46

4 mons of

age , PN dc 13 ERT 4 172 14 -1.06 52 0.05
5 mons of
age, 1 mon
on std inf 2 1.94 2 -1.94 18 -0.89 18 092

formula
o Growth: 11g/d x 1 week; 14g/d x 1 month
o Goal: 15g/d to maintain self at 2%ile, goal 30g/d for catch up

47

Case Study - Growth

3 2 .

=

= Weight, | Weight,

L %ile Z-score

2

10

: “ “ e

: /

s

: / 4 mons of

. Z age , PN dc 13 -1.11

s

+ 1 5 mons of

3 age, 1 mon
on std inf 2 -1.94
formula

48
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Case Study — Increasing Calories DJJNLC

o Option A: Increasing Volume

o Baby S on ~30ml/kg/d of IV medications
m This + feeds = ~160ml/kg/d

o Medical team would like to decrease volume Baby S receives

o Option B: Increasing Caloric Density

o No tolerance issue presently. Concern often from team
increasing formula by concentration > 26 kcal/oz d/t risk of
NEC in single ventricle

m ? Increase osmolality ; ~424 mOsm/kgH20 at 28 kcal/oz by
concentration of std term infant formula

49

Case Study — Trial of ENDF

o Trial of energy-nutrient dense formula (ENDF)
o Ready to feed, lower osmo 360 mOsm/kgH20

o Even higher calorie, 30 kcal/oz. Able to fluid restrict
further

50

Case Study — Trial of ENDF

o As already on increased caloric density formula,
no transition. Baby S changed to ENDF

o New regimen: Continuous feeds via NJT at

reduced volume 125ml/kg/d with 30 kcal RTF
ENDF

o Provides 125 kcal/kg/d, 3.3g/kg/d protein
o 10% increase in calories, 5% decrease in fluid

51
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Case Study — Growth

4 mons of

age , PN dc 13 ERT 4 .72 14 -1.06 52 0.05
5 mons of
age, 1 mon
on std inf 2 -1.94 2 1.94 18 -0.89 18 092
formula
6 mon of
age, 1 mon 12 .16 2 210 “ 022 52 0.04

on ENDF

o Growth: 33g/d x 1 month
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Case Study — Growth

Weight, | Weight,
%ile Z-score

Birth 48

4 mons of
age , PN dc 13 -1

5 mons of
age, 1 mon
on std inf 2 -1.94
formula

6 mon of
age, 1 mon 12 -1.16
on ENDF
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Case Study — Follow-Up

o Remained on ENDF for 3 months

o ENDF was well tolerated

o One 4-day period Baby S changed to std dilution
term infant formula due to bloody stools increasing
GT output

o Concern for GJT malfunction, was able to directly
change back to ENDF
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Take Away

o Case of ENDF in high-risk,
single ventricle population

o Allowed for improved
growth, while fluid
restricting

o Overall, no intolerance or Gl
complications observed
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Feedback, Please! And Certificate of Attendance

1. Access survey and provide feedback to receive Certificate of Attendance:

Aim your OR
smartphone
earera access the survey at:
-// /r/!
at this > https://www.surveymonkey.com/r/CHD24
QR code
. Nutricia Learning Center is
2. Find the event code at end of survey provided by Nutricia North
America
3. Visit www.NutriciaLearningCenter.com For‘qysstions on this webinar or
Enter event code into your NLC Dashboard Nutricia’s products, please email:

” ol
Certificate of Attendance added to your NLC profile! or call: 1-800-365-7354
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