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O bjectives

« Determine the evidence available to directdischarge
nutrition forpreterminfants.

« Identify the health benefits of discharge nutrition options
and how to develop a comprehensive, family-centered plan.
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Consideration 1: Can discharge nutrition be both efficacious and simple?

Preterm infant nutrition at hospital
discharge:

Consideration 1: Can it be both efficacious
and simple?

Disclosure: | am a part of the problem

Preemie FEED (Facilitating Enteral Education at Discharge) Form

Goals and Infants Born < 32

AL Discharge, infant is taking ___ mi every ___ hours

At Discharge, mother's 24-hour pumping volume is

0 Adequate {z 500 mi) O Low <500 mi) O Mother 1s o lenger pumping

Adapted from University of Calfornia SanDiego

Presmie FEED (Facilitating Enteral Education at Discharge) Form

Goals and Recommendations for Infants Born < 32 weeks Gestation

At Discharge, infant is taking ml every hours
‘At Discharge, mother's 23-hour pumping volume is
D Adequate (2 500 mi) O Low (<500 mi) D) Mather is no longer pumping

Feeding Plan (check applicable plan for this infant):

(Other listed plans are options to consider)

O Maother’s milk with human milk fortifier (HMF) to make 24 kcalfoz. (HMF is availble through WIC for first 3 months)
D Breastfeeding __ times per day (up to 30 minutes/session) and mather’s milk with HMF ta make 24 kealfoz.
D Mother’s milk with postdischarge formula (PDF) powder to make 27 keal/oz. and 2 PDF 27 battles per day
O Breastfeeding ___times per day (up to 30 minutes/session) and mother’s milk with PDF powder ta make 27
kcal/oz. and 2 PDF 27 bottles per day

D Breastfeeding___times per day (up to 30 minutes/session) and mother’s milk with PDF powder ta make 24
kealfoz. and 2 PDF 24 bottles per day

O3 PDF 27 kealfoz.

D PDF 24 kealfoz.

O Other:
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Praemie FEED (Facilitating Enteral Education at Discharge) Form

Goals and for Infants Barn <
At Discharge, infant is taking, mi every, hours

At Discharge, mother's 24-hour pumping volume is

O Adequate (> 500 mi) Ol Low (<500 mi) O Mother is no langer pumping

Feeding Plan (check spplicable plan for this infant]:

(Other fisted plans are options to consider)

O Mother's milk with human milk fortifier (HMF) to make 24 kcalfaz. (46 i avslable through Wi forfrst 3 months)
O Breastfeeding __ times per day [up to 30 minutes/session) and mother’s milk with HMF to make 24 keal/oz.
O Mother's milk with postdischarge formula (PDF) powder to make 27 keal/oz. and 2 POF 27 bottles per day

DO Breastfeeding __ times per day [up to 30 minutes/session) and maother's milk with POF powder to make 27
kealfor. and 2 POF 27 bottles per day

O Breastfeeding _ times per day [up to 30 minutes/session) and mother's milk with PDF powder to make 24
kealfoz. and 2 POF 24 bottles per day

O PDF 27 keal/oz.

O POF 24 kealfoz.

O Other

Mother's HMF to 24 kcalfoz=1 packet of fortfier per 25 mi of milk

Mother's Milk with PDF to make 27 kral/oz= 2 teaspoons powder per 100 mi milk
ille with PDF to make 24 keal/oz= 1 teaspoon powder per 90 mi milk

PDF 27 keal/or bottle=5 scoops powder per 240 mi water

PDF 24 keal/oz bottle= 3 scoops powder per 160 mi water

Other:
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Consideration 2:
Whatis the
parent’sfeeding
goal?




84% of US
families
initiate
breastfeeding
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Utamaro
Family’s Goal for Her Pregnancy Before
Interrupted by Preterm Birth:

Can We Help Achieve?

Consideration 3: Post-Discharge Nutrition Needs to Optimize
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VLBW Infant Growth

Top Quartile of Growth Better neurodevelopmental outcome
18-21g/kg/day weight gain in hospital| 18-22 months

Poor sc|

Neurologic and sensory handicaps

Lower cognitive scoresat 8 years
Lower educationalat 8 years
Psychosocial delaysat 8 years

hool performance

Ehvenkranz RA et al Pediar 2006, Lucas A et al BM) 1998, Hack Met al NEJM 1991 B

elfon Met al 2013
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Predicted opimal neurodevelopmentaloutcomeat? years
Predicted speed of processngat ears
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Limits of Preterm I nfant Human Milk Studies
Table 5 Studies o human itk (W0 feeding oo B viryfow
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Studies with outcomes measured at > 2 years of age

Mother’s Milk and Preterm Infant

study Population Human Milk Dose | Age at Outcome
evaluaton
ohr et a1 2007 e Beast milkfor | 0months | For every 10 mi/ kg/day increase in breast milk, MOl increased by 0.59, PO by
e773) hospialization 056, and ol behavior percentie_scor by 099 by ESIDI
Tanakaet al2008 | view Nore than 80% | 5 year Breastied group had sigaifcanty higher sequental processing on KABC, Doy -
(=18) breast mik feeds NightTest, KRS Motor Planning Testscores
in st month
Rozé et al 2012 Bom 2232 | Breastieeding at | Syeans Breasticeding atdischarge associated with 2 35% lower fisk for subopimal
(=1462) weeks PMA | tme of discharge neurodevelopment by KABC
EPIPAGE Cohort
Belfor et 212016 | Bom <30 Fist28 days with | 7yeas Predominant_breast milk feeding i frst 28 days signifcantl associated with
o= 150) weeks/ <1250g | >50% breast milk betier 10, by WAS], mathematics by WRAT, working memor, and mator funcion
tests by MAB
Elgin etal 2003 Lew >30% breastmik | 1Lyear | Lack of beast milk associated witha significant mean reduction in1Q by WISC-R
= 130) in neonatal_ward but this was o longer significant when adjected for parental education
Johnson etal 2011 | Bom <26 weeks | Received breast | 11yean | Bmast mikin NICU signficanty associated with higher reading scoms
(=307 P milkin NICU
lsaacs etal 2010 [ Bom 230 % matemal mik | Adolescence | Mk dose signficantl associated witt Veoal 10 (specically in boys),
=50) weeks PMA___| for hospitlization perforance 1Q_and fulscale 1Q in boys only by WISC-Il and WAISHI
MO Mental oo BSD.I: Bayty Sale WS for
Children; fiten; WSCAll Tilen Third ition WASII:
Third ion; igenc; s MASC




O ptimal PretermInfant Balance for N eurodevelopment?
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Human Milk, Growth

Yale scHOOL OF MEDICINE

Significant risk adjustments for infantsin the United States

Ever Breastfeeding >6 months exclusive breastfeeding
11% { Leukemia compared to <4 months exclusive
12% L Asthma 5-18 years 19% | Lower respiratory tract infection
33% | Otitis media 30% I Severe or persistent diarrhea
29% { Crohn’s disease
22% \ Ulcerative colitis
22% { Childhood & adult obesity
33% | Type 2 diabetes mellitus
64% \ Gastrointestinal infections
72% & Lower respiratory infections
19% { Infant mortality (U.S.)
51% |, Neonatal mortality
21% |, Postneonatal mortality

(to 38% if >3 months)

AFantifigure AHRQ 2007 & AP 2022

Significant Risk Adjustment for Mother

Any or Ever

22% |, Breast cancer

30% I Ovarian cancer
11% |, Endometrial cancer
9% | Thyroid Cancer

Longer vs Shorter
32% { Type 2 diabetes mellitus
78% |, GDM and Type 2 diabetes
Hypertension

<6 months, 8%

6-12 months, 11% |

>12 months, 13% | Cezanne

AAP 2022




Upper respiratory infection symptom days in 39 infants born <2 kg
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Table 4 Days of Upper Respieatory Infections

Blaymore-Bier etal 2002

Consideration 4: What is the likelihood of sustaining
maternal milk supply?

Year Ever At 6 At12 Exclusively | Exclusively
breastfed | months | months | at 3 months | at 6 months
2008 72 44 18 24 12

2020 83 53 34 40 19 :

COC Breastieeding Report 2020 & 2008

Geogia state flower Cherokee Rose

VLBW Infants Receiving Human Milk at Hospital Discharge

) US regien ]

Parker M etal 2019




Consideration 5: Options for feeding type
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Enriched Formula Studies

+ Post-discharge formula (enriched formula, transitional
formula) versus standard term formula

* Preterm formula versus standard term formula

TABLE

AggettP etal 2006

Enriched formula not consistently associated with improved growth parameters

MR

Telleret al 2016
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Figure &, Forest plot of comparison: 2 Preterm formula versus standard term formela, outcome: 2.2
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Figure 7. Forest ploc of comparison: 2 Precerm formla versus standard term formala, outcome: 2.3
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Enriched post-discharge formula not associated with better preterm infant neurodevelopment

Outcomes Anticipated absolute Number of participants Quality of the evidence

effects® (95%Cl) (studies) {GRADE)
Postdisch formula pared with dard term formula after hospital discharge
Development - Bayley MD0.8 higher 184 OB

Scales of Infant Devel- (3.24 lower lo 5.04 (1 ACT) High
opment II: Menial De- higher)
velopment Index

Preterm formula compared with standard term formula after hospital discharge
Development - Bayley MD 1.44 lower 143 DD

Scales of Infant Devel- (6.22 lower to 3.35 (2 ACTs) High

apment II: Mental De- higher)

velopment Index

Young etal 2016
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What about mother’s
milk?

Nutrient-Enrichment vs. No Enrichment of Mother's Milk Post-Hospital Discharge

Study pulati i ol
O'Connoretal  39280%mother’s  Protein 0.8g/kg Intervention infants at 4-6 months:
2008 mik and 750-1800g Calories 10-15/kg - Greatervisualdevelopment
atbirthinfants Fortified with HMF 5% Intervention infantsat 12 months:
of feedsfor12weeks * Heavierby 1.2kg
- Longer

* Greater bone mineral content
Infantsborn <1250 g at 12 months:
* Greaterhead circumference
Intervention infantsat 18 months:
« Nodifference in Bayley Il scale

Zachariassenetal  320infantsborn 24-  Protein 1.37 g/day At 12 months:

2011 32 weeksPMA Calories 17/day * Nodifference in growth
receiving breastmilk ~ For 4 months
at discharge

De Cunha etal 53 exclusively Protein 0.5g/day At 12 months:

2016 breastfed Calories 20/day * Nodifference in Bayley lliscae
VLBW infants or 4 h * Nodif eir dels

Nutient concentations from Aslanoglu et al 2019
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ESPGHAN 2006 “Feedng Preterm Infants After Hospital Discharge’
Monitor closely
Measure weight, length, head drcumference to identifyinfants with poor growth
AGAinfants should be breast-fed when possible
When formula-fed, feed regular infant formula
1f SGAat discharge, supplement with human milk fortfier or enriched formula
+ Untilat least 40 weeks’
+ Potentially until52 weeks

Focus on growth: To maintain growth velocity 25-35 g/day (term age to 3 months)
+ To maintain growth at a specific z-score or percentile
* To achieve growth at a specific z-score (catch-up growth)

By 40-52 weeks postmenstrual age
* Preterm infants without significant brain, lung, cardiac disease develop the ability to

“feed” to grow (at least calories).
« « Titrates volume to obtain calories required to gain weight

4/10/2024

Likely plays a role in the mixed results from post-discharge nutrition RCTs.

WHAT IS YOU BM)

& Still do not know how to have just the
right amount of “baby fat”
" [ |
=

[ |

POGO Study

Patterns of Growth and Outcomes
Pls: Sarah Taylor and Cami Martin

Social
determinants

Disease

Body position pattemns
Neurodevelopment at 2 years corrected age

Growth pattern phenotypes

Very preterm infant

* From birth to term age

* From birth to 1-year corected age

13
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Utamaro

Mother's Goal for Her Pregnancy Before Interrupted by Preterm Birth: Can We Help Her Achieve?

FAMILY’S FEEDING GOAL

Estabiish and sustain
maternal milk supply

Infant’sspecific
nutritional needs
Maturation of infant oral ability especially for brain growth

oS50 4 14108 10 s

Taylor and Martin 2022

14



Tabis 7
Barrers o sustaining breastfeeding for the high-isk infast
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57 Noble etal 2018; 5. Glanni et al 2018; 69.Bartck et al 2021; 70- Schecter et al 2020; 71-Rankin_etal 2016; 72- Savenije et al 2006;
7T3Maastup et al 2019, 76- Aslanoglu_etal 2019; 77- Meier et al 2007; 78-PinchevskKadir et al 2017; 79 Kolezko and Li 2021;
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80- Dosani et al 2016; 81-Elder et al 2022; 82-Yawn et al 2009; 83- Dennis et al 2002 Gupta & Taylor2023
Table 1
k oral feeding
Tooks use
Breast pamps Sreast pumps are ctical in NICU to mamtain milk "Ahosgital-grade double electric pury
supply while infant is unable to nurse. Even after deal way 10 express mif for lactating n
dicharge, most mathers need to pump for several are separated from their infonts 2nd require full

foeds a5 infants transition 1o o

Digital scales
Niopie sheids A nipple shield is  thin piece of sibcone that is placed

1 mother's arecia and nipple. It i a short-term 100!

when baby s having trouble lstching or due to

maternal reasons such as mippla pain, f1at nipples,

and engorgement
Siow flow o specalty nippies nfant’s ability to self-regulate flow may be. High-ris infants using variable flaw nipples $hould be

compromised o custom flow ros
warranted to meet each infant’s unique
necds

s may be wwed up by feeding specalsts such a5 spesch

Gupta & Taylor2023

Consider nutritional needs beyond maternal milk

e T

Bone mineralization at12 months CA * 50% of feeds with HMF for 12 weeks post-discharge

Growth

Neurodevelopment
Iron stores

Vitamin D stores
(and potentially other vitamins)

(0"Connor D et al 2008; Aimone. Aet al 2009)

Otherwise, idence of required calci post-

hospital discharge

Maintain normal serum value of phosphorus (>5.6 mg/dL) and

25(0H)D (>30 ng/mL)

Difficult because post-NICU studies have compared feed type rather

than specific nutrients.

* Feedto grow 25-35g/day and then to maintain percentile line
(do not lose trajectory) and maintain orimprove proportion

« In-hospital growth relates to neurodevelopment

Balance of milk nutrients/bioactives andgrowth trajectory
3-5mg/kg/day ferrous sulphate until iron-containing foods

At least 400 1U/day (and up to 10001U/day)
Other vitamins need greater study.

15



Preterm infant follow-up of growth and nutrition

Clinic support
Developed Nutrition NICU Graduate Clinic

Table 1. Patient Demog

eristic o (mean of range)

30.12 wk (23-40)
103 (43.4)

)
(045375

Very LW -
Extremely LBW

Mean dischargs

75(33)
4075 wh (334-65.1)

Zhang etal 2020
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Growth trajectory fromhospital discharge tofirst clinic visit

»

# Adequate growth, =30 g/d
= Moo groih silure, 2020 d
Severe growth failuse, <20 g/d

Wieight loss

Zhang etal 2020

Growth trajectory fromhospital discharge tofirst clinic visit

1%

Interventions at first visit
In 92% of infants
= Adeguate growth, 2 30 g/l
e “ 61% required nutrition regimen change
= Moderate growth failure, 20-29 g/d

* Increase calories in 26%
Severe growth failuse, <20 gd - Decrease calories in 26%
Wight loss

18.5% of families were mixingimproperly

Zhang etal 2020
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Clinical Application of Preterm Infant Discharge Nutrition Evidence
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+ Know family’s feeding goal

« Protect maternal milk intake

* Monitor growth

« Target positive growth trajectory
“Feed to Grow”

« Consider the infant’s other needs
based on disease, growth pattern,
and previous nutrition

- Simplify when able (for parents and
pediatricians)

% The Yale Neonatal NOuRISH Team
Nutrition Qutcomes Research In Sustaining Mother and Infant Health

Investigators: Caty Buck, Veronika Shabanova, Angela Mbntgomery
Team: Ruthfirst Ayande, Christine Henry, Tessa Kehoe, Terri Motraghi,
Taryn Donovan DinaPasacreta, James Lawrence, Ellery Neiderer,
Ambika Bhatnager, Justyna Breuler, Gabi Wiggill, Inumidun Oyebode
Collborators

Liza Konnikova and Bunmi Olaloye (Yale)

Kimberly Doughty ~(Fairfield)

Camilia Martin (Comell), Kristin Santoro (BIDVC)

Cynthia Blanco (UTHCSA) Kara Callins (UCLA) Daniel Robinson (Norteestem)

Sharon Donovan (lllinois) and Robert Chapkin (Texas A&M)

Carol Wagner, Buce Hollis, immy Roberts (MUSC)

Jennifer Canvasser, Amy Hair, Jae Kim (NEC Society)

Career development mentees: Ariel Salas (UAB) and Katie Ottilini (Children’s National)

Sym
June 4, 2024
Yale University

New Haven, CT |8
S\ 'Zﬂ i

[NTTERY cunics Kannact Shvr atona inte Yale Pediatrics 100 Years in 2022!
of Child Health and Human Development]

sarah.n.taylor@yale.edu
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