
ORIGINAL RESEARCH
published: 02 August 2021

doi: 10.3389/fnut.2021.642474

Frontiers in Nutrition | www.frontiersin.org 1 August 2021 | Volume 8 | Article 642474

Edited by:

Nadja Haiden,

Medical University of Vienna, Austria

Reviewed by:

Paola Roggero,

IRCCS Ca ’Granda Foundation

Maggiore Policlinico Hospital, Italy

Amy Gates,

Augusta University, United States

*Correspondence:

Gemma McLeod

gemma.mcleod@health.wa.gov.au

Specialty section:

This article was submitted to

Clinical Nutrition,

a section of the journal

Frontiers in Nutrition

Received: 16 December 2020

Accepted: 24 June 2021

Published: 02 August 2021

Citation:

McLeod G, Farrent S, Gilroy M,

Page D, Oliver CJ, Richmond F and

Cormack BE (2021) Variation in

Neonatal Nutrition Practice and

Implications: A Survey of Australia and

New Zealand Neonatal Units.

Front. Nutr. 8:642474.

doi: 10.3389/fnut.2021.642474

Variation in Neonatal Nutrition
Practice and Implications: A Survey
of Australia and New Zealand
Neonatal Units
Gemma McLeod 1,2,3*, Shelley Farrent 4, Melissa Gilroy 5,6, Denise Page 5,6,

Colleen J. Oliver 7, Fiona Richmond 8 and Barbara E. Cormack 9,10

1Neonatology, Child and Adolescent Health Service, Nedlands, WA, Australia, 2 Faculty of Health and Medical Sciences,

University of Western Australia, Perth, WA, Australia, 3 Telethon Kids Institute, University of Western Australia, Perth, WA,

Australia, 4 Flinders Medical Centre, Bedford Park, SA, Australia, 5Mater Health Services, Brisbane, QLD, Australia, 6Mater

Research Institute, University of Queensland, Brisbane, QLD, Australia, 7 Royal Women’s Hospital, Melbourne, VIC, Australia,
8Mercy Hospital for Women, Melbourne, VIC, Australia, 9 Starship Children’s Health, Auckland, New Zealand, 10 Liggins

Institute, University of Auckland, Auckland, New Zealand

Background: Significant global variation exists in neonatal nutrition practice, including

in assigned milk composition values, donor milk usage, fortification regimens, probiotic

choice and in methods used to calculate and report nutrition and growth outcomes,

making it difficult to synthesize data to inform evidence-based, standardized nutritional

care that has potential to improve neonatal outcomes. The Australasian Neonatal

Dietitians’ Network (ANDiN) conducted a survey to determine the degree to which

neonatal nutritional care varies across Australia and New Zealand (A&NZ) and to highlight

potential implications.

Materials and Methods: A two-part electronic neonatal nutritional survey was emailed

to each ANDiN member (n = 50). Part-One was designed to examine individual dietetic

practice; Part-Two examined site-specific nutrition policies and practices. Descriptive

statistics were used to examine the distribution of responses.

Results: Survey response rate: 88%. Across 24 NICU sites, maximum fluid

targets varied (150–180mL.kg.d−1); macronutrient composition estimates for mothers’

own(MOM) and donor (DM) milk varied (Energy (kcal.dL−1) MOM: 65–72; DM 69–72:

Protein (g.dL−1): MOM: 1.0–1.5; DM: 0.8–1.3); pasteurized DM or unpasteurized peer-

to-peer DM was not available in all units; milk fortification commenced at different rates

and volumes; a range of energy values (kcal.g−1) for protein (3.8–4.0), fat (9.0–10.0), and

carbohydrate (3.8–4.0) were used to calculate parenteral and enteral intakes; probiotic

choice differed; and at least seven different preterm growth charts were employed to

monitor growth.

Discussion: Our survey identifies variation in preterm nutrition practice across

A&NZ of sufficient magnitude to impact nutrition interventions and neonatal outcomes.

This presents an opportunity to use the unique skillset of neonatal dietitians to

standardize practice, reduce uncertainty of neonatal care and improve the quality of

neonatal research.

Keywords: neonatology, enteral nutrition, parenteral nutrition, growth, surveys and questionnaires, dietitians and

nutritionists, neonatal nutrition practice, standardized nutrition practice
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INTRODUCTION

Significant global variation exists in neonatal nutrition
practice, including in assigned milk composition values
(1–4), donor milk usage (5), fortification regimens (6–9),
nutrient supplementation (10–14), choice of strains and
dosing of probiotics (15), and in methods used to calculate,
assess and report nutritional intakes (16) and growth
outcomes (17).

Implementation of evidence-based, standardized feeding
guidelines has resulted in improved nutritional outcomes
(18, 19) and lower rates of necrotizing enterocolitis
(20) but even standardized nutrition practices vary
between neonatal intensive care unit (NICU) sites and
growth outcomes have been shown to differ across
institutions (21).

Observational cohort or case-control study design has
dominated preterm nutrition research. Much of this research
has been underpowered and short-term in design. The inter-
relationship between nutrition, growth, and neurodevelopmental
outcomes reported in these studies can only be interpreted as
associative, not causative and results are rarely conclusive
(22–25). There is lack of good quality evidence upon
which to base neonatal nutrition practice, leading to
clinician opinion or consensus rather than gold standard
evidence governing decisions around neonatal nutritional
care (26).

Nutrition surveys are important tools as they facilitate a

medium through which variations in nutrition practice can be

identified, compared against peer and institutional practices, and
assessed against existing evidence and expert recommendations.

Indeed, through a survey of neonatologists working in
Regional Perinatal Centres (RPC), and using their database

of mandatory reporting, the New York State (NYS) Perinatal
Quality Collaborative noted marked variations in both nutrition
practice across centers and in the incidence of extrauterine

growth restriction (EUGR) among very preterm infants born
within, or transferred to, their RPC within the first 48 h of life
(27). Nutrition practices associated with EUGR included age
at first and full enteral feeding, trophic feeding duration and
volume, and duration of total parenteral nutrition. These findings
were impetus for a state-wide quality improvement initiative to
reduce practice variation that resulted in significant reduction in
weight z-score change from birth to discharge (28).

An earlier survey of neonatologists in Australasian neonatal
intensive care units found wide variation in clinical practice,
identifying 50% of units without a written enteral feeding
guideline and a lack of evidence supporting many nutrition
practices (29).

A decade on, the Australasian Neonatal Dietetic Network
(ANDiN) conducted a nutritional survey to determine the
degree to which neonatal nutrition practices are standardized
across Australia & New Zealand (A&NZ). We aim to use the
survey results to improve standardization of dietetic practice,
promote consensus on evidence-based practice, and inform the
design of new research (26) to improve neonatal nutrition care
and outcomes.

MATERIALS AND METHODS

The survey questions were predominantly multichoice with
a large number of response options, including the option to
provide a free text alternative answer, and to provide additional
comments or further clarity about a response. The survey also
included demographic, rating and ranking scale questions and
was ’piloted’ on a small focus group of ANDiN members.

A link to the 2-part, pre-tested electronic survey (Survey
Monkey) was emailed to all ANDiN members (n = 50) working
in neonatal units across A&NZ (n= 40).

Part 1 was designed to determine individual dietetic practice
and targeted to individual, practicing neonatal dietitians; Part 2
was site-specific and designed to determine the nutrition policies
and practices employed in neonatal units across A&NZ; one
site-specific survey was completed per site.

Non-responders were sent two email reminders; the first, 4
weeks after recipients were mailed the invitation to participate
and the link to the e-survey, and the second just prior to closure
of the e-survey. For any non-response from an Australian and
New Zealand Neonatal Network (ANZNN)-participating NICU,
a further email was sent to a neonatologist to request the email
address for the site dietitian or to confirm the non-existence of a
neonatal dietitian at that site.

The e-Survey ran from July 16 2018 to October 10 2018.
Responses were stored in a password protected online site.
The Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) statement guideline was followed for reporting the
survey results.

Descriptive statistics were used to examine the
distribution of responses and percentages were calculated
for categorical variables.

Ethics approval for conducting the survey was obtained
through the Auckland District Health Board Research Review
Committee (ID A+8146) and each survey responder was advised
that online submission of their survey response signaled their
consent to participate in the study.

RESULTS

Forty-four (88%) dietitians [Australian: n= 34 (77%); NZ: n= 10
(23%)], working across 40 hospital sites responded to Part 1 of
the electronic survey. Twenty-seven of the dietitians worked in
25 ANZNN-participating Level 3 Units and another 10 worked
across 9 Level 2 ANZNN Units.

Thirty-five from a possible 40 (88%) A&NZ site-specific
responses were received for Part 2 of the e-Survey, including 33
ANZNN-participating Units (NICU n = 24; Level 2 n = 9). One
response covered two ANZNN NICU sites.

PART 1–INDIVIDUAL NEONATAL DIETETIC
PRACTICE

Energy Values for Calculating Parenteral
and Enteral Intakes
The energy values used by dietitians to calculate parenteral
dextrose and lipid intakes ranged from 3.4 kcal (14.2 kJ).g−1 to
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4 kcal (16.7 kJ).g−1, and 9 kcal (37.7 kJ).g−1 to 10 kcal (41.8
kJ).g−1, respectively. The vast majority of dietitians used the
energy value of 4 kcal (16.7 kJ).g−1 to calculate enteral protein
and carbohydrate intakes and all dietitians used the value of 9
kcal (37.7 kJ).g−1 for calculating enteral fat intake (Table 1).

Macronutrient Composition of Preterm and
Donor Milk
The assumed macronutrient content of preterm breast milk
was derived from a variety of sources and varied considerably
across units. Protein content of mature preterm milk ranged
from 1.0 to 1.5 g.dL−1, with 72% of dietitians using a value
between 1.2 and 1.3 g.dL−1; energy content ranged from 66 kcal
(276 kJ).dL−1 to 72 kcal (301 kJ).dL−1, with 50% of dietitians
using a value between 66 kcal (276 kJ).dL−1 and 67 kcal (280
kJ).dL−1. Thirty-eight percent of dietitians changed assumed
milk values according to day of expression, to reflect colostrum,
transitional or mature milk. One third of dietitians used the
values recommended in a recent systematic review of preterm
human milk composition to estimate nutritional intakes from
preterm breast milk, while 18% were unsure of the reference
underpinning their practice (1) (Table 1).

The assumed values for protein and energy content of donor
milk used by the fifteen dietitians working in neonatal units with
access to donor milk ranged from 0.8 to 1.36 g.dL−1 and 65 kcal
(272 kJ).dL−1) and 72 kcal (301 kJ).dL−1) and were derived from
at least eight different sources, including local unpublished data
(Table 1).

Calculation of Weight Gain (g/kg/d)
Seventy-nine percent of the dietitians responding to this question
calculated rate of weight gain in the clinical setting and most
(42%) used the equation “net weight gain over the time interval,
divided by the time interval and the average of birth weight
and weight at day x.” Others (29%) calculated “net weight gain
over the time interval divided by the time interval and current
weight.” Only 23% of dietitians employed Patel’s exponential
method (35, 36) in the clinical setting (Table 1).

Of the dietitians (42%) who calculated rate of weight gain for
research purposes, 47% used Patel’s exponential method (35, 36),
whilst 35% of dietitians calculated ‘net weight gain over the time
interval, divided by the time interval and the average of birth
weight and weight at day x’ (Table 1).

PART 2–SITE-SPECIFIC NUTRITION
PRACTICES

Target Feed Volumes
The range of target feeding volumes varied across sites, and was
slightly lower for extremely low birth weight infants (birthweight
<1,000 g; 150–180mL.kg−1.d−1) than for very low birth weight
infants (birthweight <1,500 g; 160–190mL.kg−1.d−1). More
than 40% of sites targeted 180mL.kg−1.d−1 for non-fluid
restricted preterm infants born<1,500 g. Maximum feeding rates
ranged from 180 to 210mL.kg−1.d−1 (Table 2).

Donor Milk, Milk Fortification and Food
Thickener
Fifteen (45%) of the 33 sites responding to the question relating to
donor milk access reported having none. Access to unpasteurized
donor milk via screened mother to mother donations was
available in seven (39%) of the 18 sites that reported using donor
milk. The remaining 11 sites (61%) accessed donor milk through
milk banks; eight (73%) of these purchased milk from a milk
bank external to their own health-care facility and three (27%)
accessed banked donor milk directly from their own respective
on-site milk banks (Table 2).

The method and criteria for fortifying breast milk differed
across sites. A little over 50% of sites fortified milk on the
attainment of a specific volume intake per kilogram of body
weight. However, there were a considerable range of acceptable
intakes for commencing fortification across sites (80 up to
150mL.kg−1.d−1). Other sites set a minimum feed volume of
5mL as the criteria for commencing fortifier (18%) or fortified
only if an infant demonstrated poor growth (18%). Of the 34
sites (97%) that provided a response, 56% commenced fortifier
at full strength and 38% at half strength and most units (82%)
did not use human milk fortifier to fortify milk beyond the
strength directed by the manufacturer. Routine use of modular
supplements to fortify breast milk, such as glucose polymer,
protein powder or fat emulsions, was rare. Five (28%) of the 18
sites with access to donor milk routinely used protein powder
in addition to human milk fortifier to fortify the donated milk.
Breast milk was more commonly fortified at the bedside (67%)
or in a dedicated milk room (24%). The maximum refrigeration
time that fortified milk was stored following preparation varied
from 0 to 24 h (Table 2).

Only 18% of respondents stated that their site did not use food
thickener; in the majority (71%), carob bean gum thickener was
the preferred choice and a small proportion of units (15%) used
food thickener to make a gel for breastfeeding infants (Table 2).

Choice of Preterm Formula and Human
Milk Fortifier
Ranked in order of importance, the factors guiding choice
of preterm formula and human milk fortifier are depicted
in Figures 1, 2, respectively. For most, when nutritional
composition guides choice, protein, osmolality and then iron are
ranked as most important considerations (Figure 3).

Probiotics
Probiotics are routinely used by at least 68% of respondent sites
but different brands with various bacterial strains are in use and
dosing regimens differ across sites (Table 2).

Choice of Growth Charts
At least seven different growth charts, each derived from different
sets of cross-sectional data, are employed across neonatal sites
to monitor preterm growth (Tables 3, 4). Of the 34 sites (97%)
using growth charts, the Fenton 2013 charts (40) are used by
the majority (50%), while 21% of units are using the UK-WHO
growth charts (39) and one site is using the Intergrowth-21 chart
(Table 2).
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TABLE 1 | Survey–part one questions and responses.

Question Response rate

n/44 (%)

Response No. of respondents

per answer

Part One: Completed by dietitians working in neonatal units n = 44

What energy value (kcal (kJ).dL−1) do you use

for mature preterm breast milk for clinical work?

40 (91%) 65 (268) 1

66 (276) 14

67 (280) 6

68 (284) 1

70 (293) 10

72 (301) 8

What protein value (g.dL−1) do you use for

mature preterm breast milk for clinical work?

40 (91%) 1.00 5

1.03 4

1.20 9

1.26 1

1.27 5

1.3 (rounding from 1.27) 13

1.36 1

1.4 1

1.5 1

What reference do you use for preterm breast

milk macronutrient composition?

38 (86%) Boyce et al. (1) 14

U.S Department of Agriculture (USDA)

data

5

NHMRC NRV (36) 3

StRONNG checklist 2016 (16) 1

Royal Children’s Hospital (RCH) 1

FoodWorksTM Xyris Software 5

Schanler et al. (30) 1

Koletzko et al. (31) 1

Neonatal and Infant Handbook 6

Unsure 1

What energy value [kcal (kJ).dL−1] do you use

for donor milk?

38 (86%) 65 (268) 1

66 (276) 4

67 (280) 2

68 (284) 1

69 (289) 4

72 (301) 3

Not applicable 23

What protein value (g.dL−1) do you use for

donor milk?

38 (86%) 0.8 4

0.9 1

1.0 3

1.1 1

1.27 1

1.3 4

1.36 1

Not applicable 23

What reference do you use for donor breast

milk macronutrient composition?

26 (59%) Wojcik et al. (32) 2

NHMRC (33), with modification for protein 1

Boyce et al. (1) 2

FoodWorksTM 1

USDA data 2

Cooper et al. (34) 1

Personal communication donor milk banks 2

(Continued)
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TABLE 1 | Continued

Question Response rate

n/44 (%)

Response No. of respondents

per answer

Unknown source 2

Not applicable 13

Do you change the figures you use for energy

and protein in breast milk, depending on the

age of the baby for clinical work (e.g.,

colostrum vs. transitional vs. mature milk)?

40 (91%) Yes 12

Sometimes 3

Never 25

How do you calculate weight gain (g.kg−1d−1)

in the clinical setting?

39 (87%) Net weight gain over the time interval

divided by the time interval and the

average of birth weight and weight at day x

13

Net weight gain over time interval divided

by time interval and current weight

9

Exponential method Patel et al. (35, 36) 7

Other–method not reported 2

Not applicable 8

How do you calculate weight gain (g.kg−1d−1)

in the research setting?

40 (91%) Net weight gain over the time interval

divided by the time interval and the

average of birth weight and weight at day x

6

Net weight gain over time interval divided

by time interval and current weight

2

Exponential method Patel et al. (35, 36) 8

Other–method not reported 1

Not applicable 23

What value do you use for [kcal (kJ).g−1]

enteral protein in clinical work?

40 (91%) 3.8 (15.9) 4

4.0 (16.7) 29

Other value not specified 1

Not applicable 6

What value do you use for enteral carbohydrate

[kcal (kJ).g−1] in clinical work?

40 (91%) 3.8 (15.9) 6

4.0 (16.7) 27

Not applicable 7

What value do you use for enteral fat [kcal

(kJ).g−1 ] in clinical work?

39 (89%) 9 (37.7) 32

Not applicable 7

What value do you use for parenteral dextrose

[kcal (kJ).g−1] in clinical work?

38 (86%) 3.4 (14.2) 6

3.8 (15.9) 7

4.0 (16.7) 9

Not applicable 16

What value do you use for parenteral lipid [kcal

(kJ).g−1 ] in clinical work?

40 (91%) 9 (37.7) 12

10 (41.8) 11

Not applicable 14

Do you ever prescribe commercial breastmilk

fortifier for infants at hospital discharge?

40 (91%) Once a week to once a month 2

Less than once a month 9

Never 26

Never, but medical team may sometimes 3

Australian dietitians only. Do you ever prescribe

Post Discharge Formula (specifically designed

for preterm infants post-discharge from

hospital) for formula fed babies on discharge

from hospital?

32 (94%) Sometimes (<1 month) 14

Never 15

No, concentrate term formula 2

Not applicable 1

A minimum of three different term growth charts are in use
across sites (n = 34), but in the vast majority (94%), WHO/UK-
WHO growth charts are the preferred tools for assessing the
growth of term infants (Table 2).

Survey results discussing variations in vitamin
supplementation regimens (44), dietetic resourcing
and written nutrition policies (45) have been
reported elsewhere.
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TABLE 2 | Survey-part two questions and responses.

Question Response

rate n (%)

Response No. of

respondents per

answer

Part Two: One survey only completed per neonatal unit (n = 35

units)

Which country is your hospital in? 35 (100%) Australia 25

New Zealand 10

Does your unit have a written policy

on the following?

28 (80%) Screening criteria for

dietitian referral

11

Enteral feeding 28

Intravenous feeding 25

Withholding feeds 14

Gastric aspirate

volumes

14

Vitamin and mineral

supplementation

(inpatient)

24

Is your unit a Baby Friendly Hospital? 34 (97%) Yes 24

No 7

Unsure 3

Which growth chart does your unit

use for preterm infants?

34 (87%) UK-WHO 7

Fenton 2003 2

Fenton 2007 1

Fenton 2013 17

Beeby 1996 1

NICUS (Kitchen 1983) 2

Intergrowth 21 1

Unsure 2

None 1

Which growth charts does your unit

use for term infants?

34 (97%) WHO/UK-WHO 32

CDC 2

What is the usual standard target

feed volume (mL.kg−1.d−1) for ELBW

infants (on standard fortification) when

the infant is not fluid restricted?

34 (97%) 150 1

160 7

160–170 6

180 13

Unsure 4

Not applicable in our

unit

1

No target 2

What is the usual standard target

feed volume (mL.kg−1.d−1) for VLBW

infants (on standard fortification) when

the infant is not fluid restricted?

34 (97%) 160 8

160–170 7

180 13

Unsure 3

No target 3

What is the maximum feed volume

(mL.kg−1.d−1) used in your Unit?

34 (97%) 180 10

190 3

200 14

210 2

Not applicable 5

What brand of preterm formula is

used in your unit?

34 (97%) Brand A 18

(2.9 g protein.dL−1 )

Brand B

(Continued)
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TABLE 2 | Continued

Question Response

rate n (%)

Response No. of

respondents per

answer

(2.6 g protein.dL−1 ) 11

Brand C

(2.69 g protein.dL−1 ) 3

Don’t use preterm

formula

1

How is the brand of preterm formula

chosen in your unit? (Rank in order of

importance)

32 (91%) Nutritional composition 30

Osmolality 25

Tender

product/standard feed

that can be used

24

Volume in bottle 22

Same as nearby tertiary

unit

22

Cost 22

Historical practice 21

What brand of human milk fortifier is

used in your unit?

34 (97%) Brand A 1

(1.0 g protein.dL−1 )

Brand B 31

(1.44 g protein.dL−1 )

Brand C 3

(1.1 g protein.dL−1 )

How is the brand of fortifier chosen in

your unit? Rank in order of

importance.

30 (86%) Nutritional composition 29

Volume of EBM the

pack is added to

24

Osmolality 24

Tender/Standard feed

that can be used

22

Mixability 22

Ease of pack opening 22

Historical practice 22

If you chose nutritional composition or

osmolality, rank in order of

importance.

30 (86%) Protein content 30

Osmolality 28

Iron content 28

Where is breastmilk fortifier added to

breastmilk in you Unit?

33 (94%) Bedside 22

Dedicated milk room 8

Medication/formula

bench/kitchenette in

unit

3

What is the maximum refrigeration

time that milk can be stored in a

refrigerator after fortifier has been

added?

34 (97%) Must be used

immediately

3

4 h 14

6 h 1

8 h 4

12 h 2

24 h 10

When do you start adding fortifier to

breast milk, as per unit policy?

33 (94%) Feed volume of 5mL 6

Enteral feeds reach

80mL.kg−1.d−1

2

Enteral feeds reach

90mL.kg−1.d−1

1

(Continued)
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TABLE 2 | Continued

Question Response

rate n (%)

Response No. of

respondents per

answer

Enteral feeds reach

100mL.kg−1.d−1

7

Enteral feeds reach

120mL.kg−1.d−1

2

After full enteral feeds

are tolerated

6

Only if infant is growing

poorly

6

Only added on dietetic

recommendation, if

infant is growing poorly

1

Doctors discretion 1

Unsure 1

At what strength is breast milk fortifier

routinely commenced in your Unit?

34 (97%) Quarter strength or less 1

½

strength

13

Full strength 19

Unsure 1

Is fortifier ever used beyond full

strength in your Unit?

34 (97%) Never Rarely

(once/y)

Occasionally

(4 times/y)

Frequently

(1/mo)

Routinely

(daily or

weekly)

Total Weighted

average

1 ¼ str 28 2 4 0 0 34 1.29

1 ½ str 29 1 2 0 0 32 1.16

Double str 32 0 0 0 0 0 1

Are other modular supplements used

in your Unit for infants?

34 (97%) Never Rarely

(once/y)

Occasionally

(4 times/y)

Frequently

(1/mo)

Routinely

(daily or

weekly)

Total Weighted

average

Glucose polymer 9 9 13 1 1 33 2.27

Duocal 16 5 8 1 1 31 1.9

Beneprotein 19 1 6 2 2 30 1.9

Protifar 20 1 6 2 2 31 1.87

Calogen 7 4 10 10 2 33 2.88

Liquigen 14 5 6 2 1 28 1.96

MCT oil 20 5 2 1 0 28 1.43

Intravenous Amino

Acids

24 3 0 0 1 28 1.25

Infant formula powder 10 4 10 6 4 34 2.71

Are probiotics routinely provided for

most infants in your Unit?

34 (97%) Yes 23

No 8

Unsure 2

If yes, what strain/s & dose is used 22 (96%)

Multi-strain

Lactobacillus

acidophilus,

Bifidobacterium infantis

and Bifidobacterium

bifidum;

0.16mL BD

Lactobacillus GG Unspecified dose

Bifidobacterium infantis

and Lactobacillus

acidophilus.

<750 g: ¼ capsule BD;

750 g – 1500 g: ½ capsule BD

>1500 g: 1 capsule BD

Cease at 36 week and 2 kg.

(Continued)
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TABLE 2 | Continued

Question Response

rate n (%)

Response No. of

respondents per

answer

Bifidobacterium breve

M-16V

For infants <35 week gestation:

1mL daily if minimal enteral feeds <50 mL.kg−1

1mL BD if minimal enteral feeds >50 mL.kg−1;

Is food thickener used in your unit for

preterm infants, and if so, what is

used?

34 (97%) Yes, Carob Bean Gum 24

Yes, rare, (Guar Gum 1

No 6

Unsure, rare, type not

specified

3

Is food thickener used as a gel for

breast feeding preterm infants in your

unit?

33 (94%) Yes 5

No 27

Unsure 1

Is donor breast milk available in your

unit?

33 (94%) No 15

Yes, via screened

mother to mother,

unpasteurised

7

Yes, via breast milk

bank on site

3

Yes, via breast milk

bank from another site

(pasteurized

2

Yes, via breast milk

bank purchased from

another site

6

If you use donor milk, is it routinely

supplemented with modular

supplements as well as breast milk

fortifier? And if so, with what?

18 (100%) No 13

Yes, Human milk

fortifier +/- protein

powder

5

FIGURE 1 | Reasons guiding preterm formula choice, ranked in order of importance.

DISCUSSION

Our ANDiN survey suggests that considerable variation in
nutrition practice continues across neonatal units in A&NZ,
in particular with respect to assigned milk composition values,
timing and method of milk fortification, use of donor milk, type
and brand of milk additives, targeted feed volumes, strains and
dosing of prescribed probiotics, choice of growth charts and

in methods used for calculating nutrition intakes and growth
velocity (Tables 1, 2).

Milk Composition and Fortification
Macronutrient milk composition, particularly lipid
concentration, is influenced by stage of lactation, gestational
age, maternal diet, and parity and there is significant diurnal
and inter-feed variation (46). Determining an estimate of
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FIGURE 2 | Reasons guiding human milk fortifier choice, ranked in order of importance.

FIGURE 3 | Nutritional factors ranked in order of importance, when nutrition composition guides fortifier choice.

milk composition and energy content can be labor intensive,
time-consuming and costly (7), and among studies, the integrity
of the measurement can be confounded by variations in
milk sampling strategies (47) and by the analytical methods
employed in its determination (48, 49). For example, the gold
standard sampling method for lipid analysis and measuring
the energy content of milk is complete 24-h collection, whereas
foremilk, mid-feed or hindmilk samples are adequate for
measuring protein, lactose and oligosaccharides. Further,
each energy-yielding macronutrient can be quantified using
many different methods, each with its own limitations and
degrees of precision and accuracy, and the energy content
of milk can be estimated as either metabolizable or gross
energy. The inherent differences in the various methods used
to analyze each energy-yielding component of milk may result
in discrepancies for comparison of absolute concentration
of the different nutrients among studies. It is important that
the implications of the different milk sampling strategies and
the inherent differences and limitations of various analytical

methods are understood and considered when designing
research methodology and when applying milk composition
values in the clinical setting.

Since 2014, at least four systematic reviews and two meta-
analyzes on preterm human milk composition have been
published (1–4). These reviews have included studies conducted
over a period of decades. Each review has used different
criteria for study inclusion and there is overlap of studies
included across reviews. Critical analysis of the analytical
methods used in the included studies has not been attempted by
all reviewers.

Our survey identified that assumed rather than measured
macronutrient values are more often employed in neonatal units
across A&NZ to calculate estimated nutrition intakes and there is
still a 50% variation between the lowest (1.0 g.dL−1) and highest
(1.5 g.dL−1) assumed values used to quantify the protein content
of preterm milk. The most commonly used value is sourced from
a recent systematic review (1.27 g.dL−1), and reflects the median
protein content of mature preterm milk expressed during weeks
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TABLE 3 | Size-at-birth growth curves.

Growth charts Kitchen et al. (37) Beeby et al. (38) UK-WHO (39) Fenton- (40) INTERGROWTH-21 very preterm size at birth

reference charts (41) and Newborn baby size

International Standards (42)

Methodology Pooled birth data from two

datasets

Pooled birth data from two

datasets

Pooled birth data from

five data sets

Systematic review,

selection and

meta-analysis of 6 data

sets

Multi-center, multi-cultural, multi-country

population-based prospective study

Data collection

time-period

1977–1979 1990–1995 (KGV)

1982–1989 (MDC)

1983–1993 1991–2007 2009–2014

Gestational age range

(week)

Weight 24–42 20–42 23–42 22–50 24–42

Length 25–42 <35 26–42 23–50 24–42

Head Circ 25–42 <35 23–42 23–50 24–42

Age plotting Completed weeks Completed weeks Completed weeks Actual age Completed weeks

GA assessment

method

Ultrasound before week 20 or

1st day of LMP

Verification of GA for MDC data

not possible; Verification of GA

for KGV data based on 1st

trimester ultrasound or on basis

of LMP when early ultrasound

available.

Mixed –maternal dates

confirmed by early

ultrasound, clinician

assessment, not

specified

Mixed – early

ultrasound, maternal

dates, clinician

assessment

Verification based on GA for MDC and confirmatory

ultrasound dating scan.

Location Melbourne, Australia. Livebirths

at RWH in 1979 and infants born

<35 week in 1977–1978

Data of infants born 24–29 week

in Queen Victoria Medical Centre

(Kitchen et al. 63) also included.

New South Wales, Australia

Midwives Data

Collection–birthweights of live

and still births (MDC); King

George V(KGV)

obstetric-neonatal data –

birthweights, head

circumference & length

United Kingdom,

excluded ‘non-white’

participants.

Australia, Scotland,

United States of

America, Canada,

Germany, Italy

Brazil, Italy, United Kingdom, United States of

America, India, Kenya, China, Oman

Participant selection No No No No >33 week: original Newborn Size Standards,

incorporating measurements from neonates without

major complications or ultrasound evidence of fetal

growth restriction (FGR), who were born to mothers

without FGR risk factors; For infants born ≤32 week

GA, born of mothers with some FGR risk factors,

but not smoking or obesity)

Measurement

standardization

No No No No Yes

Sample size Gest week <27+6 28+0−31+6 32+0−36+6
<27+6 28+0−31+6 32–36+6

<27+6 28+0−31+6 32+0−36+6
<27+6 28+0−31+6 32+0−36+6

<27+6 28+0−31+6 32+0−32+6 33+0−36+6

Weight 252 230 265 1,039 1,956 17,930 706 1,437 426 22,942 44,472 192,881 82 203 97 1,022

Length 196 215 232 139 236 1,423 49 180 62 9,605 20,211 120,214 63 186 94 1,014

Head 108 170 165 388 942 2,247 325 760 52 9,605 20,211 120,214 76 173 95 1,016

Centile lines 10th, 50th,and 90th 3rd, 10th, 25th, 50th, 75th, 90th,

and 97th.

0.4th 2nd, 9th, 25th, 50th, 75th,

91st, 98th, and 99.6th

3rd, 10th, 50th, 90th, and 97th 3rd, 10th, 50th, 90th, and 97th

z-scores No, Means, SD available No, Means, SD available Available Available Available

Gender specific Not gender specific Combined gender <30 week,

then gender specific

Gender specific Gender specific Gender specific
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TABLE 4 | Key features of INTERGROWTH-21st postnatal preterm growth

standard (43).

• 201 participants (99 males; 102 females)

◦ Brazil 36 (18%)

◦ China 18 (9%)

◦ India 3 (15%)

◦ Italy 24 (12%)

◦ Kenya 30 (15%)

◦ Oman 30 (15%)

◦ UK 22 (11%)

◦ USA 10 (5%)

• Mean (SD; range) gestational age of participants 35.5 (1.7)

<27 week

27–32 week

33 week

34–35 week

36-<37 week

No data

n = 12 (6%)

n = 16 (8%)

n = 68 (34%)

n = 105 (52%)

• Mean weight of infants was 2,452 (SD 519) g.

• Three measurements only taken in the first month of life,

at birth, 2 and 4 week.

• Postnatal nutritional intake not specified, quantified nor

necessarily optimized.

• Curves represent the data in completed weeks and do

not harmonize with the WHO charts until 14 weeks post

corrected term.

2–8 of lactation from studies employing relatively robust analyzes
and correcting for non-protein nitrogen (1).

Calculation of preterm nutrition intakes is based on a
measured or assumed native composition of breast milk,
which is known to vary between and within mothers, and
according to whether the milk is fresh or frozen, and whether
it is mother’s own or raw or pasteurized donor milk. The
various conversion factors employed to calculate the energy
contribution from the macronutrients in the milk, as well
as the nutrition profiles of the products employed in its
fortification, also contribute to variations in how nutrition
intakes are calculated.

When nutrient composition is the primary consideration for
choosing a brand of fortifier, dietitians ranked protein content,
osmolality then iron in order of importance (Figure 3). Indeed,
of the human milk fortifiers currently available in A&NZ, all
of which are used in, and imported from other countries, our
survey indicates that the most common fortifier employed by
units is that which contains the highest amount of protein, has
an acceptable osmolality when added to breast milk and contains
iron. When used as directed in 100 dL−1 of breast milk, the
differences in protein content from that which is ranked first to
those ranked second and third total 0.34 and 0.44 g, respectively.
Whilst these differences may seem insignificant, they reflect
between 27 and 35% of the assumed protein values used to
represent the native content of preterm breast milk and the three
graphs in Figure 4 demonstrate the relevance of these variations.

The complexity of this issue intensifies when consideration
is also given to the variations in assumed values for fat,
carbohydrate, energy and micronutrient content of breast milk
and the variations in the macro- and micronutrient profiles

of milk fortifiers. Collectively, these factors have capacity to
result in different estimates of enteral nutrient intakes, underpin
and inform different site fortification policies and feeding
practices, direct different vitamin and mineral supplement
use and misdirect industry formulation of fortifiers, which
in turn can ultimately impact the capacity of fortified breast
milk and supplement use to appropriately meet the nutrition
requirements of preterm infants. In the literature, these variations
are inadequately reported (16), making it difficult to interpret
and synthesize data, potentially adding to uncertainty of care,
increased variation in practice and/or implementation and
standardization of inappropriate practices.

Donor Milk
In recent decades, there has been a groundswell of clinical
support for using donor human milk when preterm mother’s
milk is unavailable or in low supply (50). This is likely due
to its demonstrated value in reducing risk of NEC (51) and
in promoting feeding tolerance (6) in preterm infants. Earlier
concerns that infants grow poorly on donor milk compared
to formula have been somewhat allayed by a recent study
demonstrating that very low birth weight infants can grow
as well with fortified donor milk as they can with formula
(52). Our survey shows that when available, donor milk is
either pasteurized and sourced from an on- or off-site donor
milk bank or is a peer-to-peer donation of unpasteurized milk.
Concerns around donor milk pertain to the ethical implications
associated with its use, and to ensuring the donation is safe
and causes no harm to the donating mother or her infant or
to the donor recipient (53). Especially pertinent is ensuring
access to support and interventions for mothers and infants
to minimize harm to maternal breastfeeding outcomes and to
optimize the capacity for a mother to provide sufficient milk
for her own infant (53). Equally important are the safety and
quality processes underpinning the receipt of donor milk, to
ensure donors and the milk itself are screened to reduce hazards
associated with communicable and non-communicable disease,
lifestyle and diet, medicine and medication use, vaccinations
and environmental exposures. Further, the collection, storage
and method of processing milk can each introduce their own
hazards (53). The justification for using donor milk should be
that there is evidence of benefit and that harm can be minimized.
Risk assessment and mitigation strategies must be encouraged to
minimize risk.

Probiotics
Controversies exist generally around use of probiotics, largely
due to quality and safety concerns in relation to microorganism
specification, their numbers, functional properties and presence
of contaminants, leading to recommendations for more stringent
and mandatory quality control procedures for commercial
probiotic products (54). Given this, lack of clinician and
researcher confidence in their use in preterm infants is
unsurprising, not only because of the safety and efficacy
concerns, but also the practical issues associated with their
use, such as choice of brand, strain, dosing, form (powder
vs. liquid), reconstitution practices, and timing and mode of
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FIGURE 4 | Calculated estimated protein intakes from different fortified milk feeds. The native protein content per 100mL of milk feeds in Graphs A–C are 1.0 g,

1.27 g and 1.5 g, respectively, representing the lowest, most common and highest assigned values in use across A&NZ, as reported in the survey. Each graph (A–C)

depicts three different fortified milk feeds fed at 150mL.kg−1.d−1 and 180mL.kg−1.d−1. The protein content of each milk feed is increased from its assumed native

content, according to the protein content of the fortifier added (per 100mL expressed milk: Fortifier A: 1.0 g protein; Fortifier B: 1.44 g; Fortifier C: 1.1 g). Graph (A) in

Figure, representing fortified breast milk feeds assigned with an assumed native protein content of 1 g.dL−1 suggests that the recommended daily intake (RDI) for

protein can only be met when the milk feed is fortified with Fortifier B and fed at 180mL.kg−1.d−1. Yet graph (B), representing fortified breast milk feeds assigned an

assumed native protein content of 1.27 g.dL−1, suggests the lower RDI for protein can be met when the milk feed is fortified with Fortifier B and fed at

150mL.kg−1.d−1 and that protein requirement is exceeded when this feed is fed at 180mL.kg−1.d−1. Graph (C) suggests that breast milk assigned an assumed

native protein content of 1.5 g.dL−1 exceeds protein requirement when fortified with either fortifier B or fortifier C and fed at targeted volumes of 180mL.kg−1.d−1.

administration. It has been argued by some, that as a class of
intervention, multiple systematic reviews provide evidence of
benefit, and therefore probiotics should be incorporated as a
standard prophylaxis while good quality research continues to
seek to understand the efficacy and effectiveness of single and
combined probiotic strains and optimal dosing and duration
of administration (55). Others however, are more reticent. A
2020 position paper by the European Society for Paediatric
Gastroenterology Hepatology and Nutrition (ESPGHAN) (15)
has provided conditional recommendations based mostly on
low certainty of evidence, about which specific strains might
potentially be used and which should be avoided in the
preterm population. This Society has also addressed several safety
issues with mitigation strategies that they suggest should be
applied to preterm probiotic use. Among the 15 conditional
recommendations, there is a requirement when implementing a
probiotic product to inform local microbiologists and confirm
their ability to routinely detect probiotic bacteraemia/fungaemia
with standard culture methods; to use only probiotic products
manufactured according to good manufacturing practices to
ensure correct strain identity with lack of contamination; to select
a strain of probiotic with proven effectiveness and established
safety profile; to use similar doses as applied in relevant RCTs;
to treat for a duration based on the recipient population and
their ongoing risk of diseases; and that use of a single strain or
combination of strains be practice-based on positive results from

well-conducted RCTs in the clinical setting and that research
settings be used to test new strains or combinations of strains.

A systematic review of randomized trials published in 2021,
with data spanning 45 years from 1973 and including either
adult or pediatric patients, was conducted to determine the
efficacy of a limited number of single vs. multi-strain probiotic
mixtures, while also accounting for strain and disease specificity
(56). Inclusion of studies into this review was limited to
probiotics that had efficacy trials with at least one trial using
a single strain and at least one RCT of a multi-strain mixture
containing a least one matching single strain. Single-strain
probiotics that had not been incorporated into multi-strain
mixtures were not included. Multi-strain mixtures that had
no corresponding efficacy trials from at least one single strain
in the mixture were also excluded. For prevention of NEC,
10 randomized controlled trials conducted between 2002 and
2016 were included. The probiotic strains in these trials were
either Bifidobacterium lactis Bb12 alone (n = 3) or Lactobacillus
rhamnosus GG alone (n = 4) and four two-strain mixtures
(n = 1 RCT each), namely Bifidobacterium lactis Bb12 and
Bifidobacterium longum Bb536, or Lactobacillus rhamnosus GG
and Bifidobacterium lactis Bb12 or Lactobacillus rhamnosus GG
and Bifidobacterium lactis Bb536 or Lactobacillus rhamnosus
GG and Bifidobacterium lactis HN19. The meta-analysis showed
that the single strain Lactobacillus rhamnosus GG (RR = 0.17,
95% CI 0.07, 0.41) was more effective than the two mixtures
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containing additional strains for prevention of NEC. Notably,
whilst duration of dosage was similar, the mean dose in the four
trials using Lactobacillus rhamnosus GG alone was significantly
higher than the mean dose of Lactobacillus rhamnosus GG
when used in mixtures, perhaps highlighting the importance
of repeated multicenter clinical investigations using a single
protocol to ensure reproducibility and to increase confidence
in the safety and efficacy of probiotic use in the preterm
population (57).

When all safety conditions are met, the two conditional
recommendations made by ESPGHAN for their potential
capacity to reduce NEC stage 2 or 3 (in doses specified in their
publication), are use of the single strain Lactobacillus rhamnosus
GG and use of the combination of Bifodobacterium Infantis Bb-
02, Bifidobacterium Lactis Bb-12 and Streptococcus Thermophilus
TH-4 (15).

The four brands of probiotics in use across 23 ANZNN
NICUs represented in our survey come in the form of
capsules/powder and/or drops and differ between brands in the
number and type of strains they each contain. Of the four
brands reportedly in use, one is a multi-species formulation,
containing Lactobacillus acidophilus, Bifidobacterium infantis
and Bifidobacterium bifidum; another contains both Lactobacillus
acidophilus and Bifidobacterium bifidus; and of the remaining
two, one contains a single strain, Lactobacillus rhamnosus
GG and the other, Bifodobacterium Breve M-16V. It is
somewhat reassuring that across ANZNN NICU sites, the most
recent ANZNN annual report documents the percentage of
preterm babies with confirmed NEC at 1.4% of all registrants
[n = 154/10,494; <28 week: n = 96 (8.4%); 28–31 week: n = 28
(1.2%)] (58).

Monitoring Preterm Growth
The universal goal in the nutrition management of preterm
infants is to safely provide nutrients to match the rate and
composition of weight gain of a normal healthy fetus that
remains in utero until full-term (59, 60). The appropriateness
and feasibility of this growth target has been debated for
decades, with EUGR, most commonly defined in the literature
as weight <10th percentile at 36 weeks’ postnatal age, being
identified as an almost universal problem among preterm
infants born with weights below 1,500 g (61–67). The history
of this poor postnatal growth has been largely due to nutrition
deficits exacerbated by an underestimation of preterm nutrient
requirements (68–71) and conservative nutrition practices,
namely lack of parenteral nutrition or delay in replacing placental
nutrition with parenteral nutrition, slow increments in enteral
feeding, and frequent and lengthy withholding of feeds due to real
or perceived feeding intolerance. More recently, while striving
to achieve latest recommended protein and energy intakes (59,
60), concerns about rapid catch up growth and its metabolic
implications shifted clinican and research focus to trying to find
the right balance between prescribing earlier, more aggressive
nutritional support and mitigating any associated metabolic
risk (72). In 2016, Rochow and colleagues (73) assisted with
this by demonstrating with their analysis of preterm postnatal
growth and the Fenton Fetal-Infant Growth Reference, that
the physiological diuresis that occurs during the first days of

life due to the irreversible contraction of extracellular water
space permanently shifts the postnatal growth trajectory by
−0.8 z-scores, after which time it tracks parallel to intrauterine
curves with growth rates similar to those in utero. Last year,
Fenton and colleagues (17), also argued that using the arbitrarily
nominated <10th percentile at 36–40 weeks corrected age or
earlier discharge, as a proxy for EUGR, is inappropriate as
it considers weight at a corrected age at one point in time
without reference to fetal growth or the birth percentile or the
percentile at which birth weight is recovered after adaptation
to the extrauterine environment; it does not consider head,
length, proportionality or composition of growth, and it does not
consider genetic potential. Rather, the degree of change in z score
from birth, corrected for the contraction of extracellular water
during adaptation to extrauterine life, may be a more relevant
indicator of extrauterine growth restriction. Indeed, recent
recommendations for primary indicators of mild, moderate and
severe malnutrition in preterm infants after the first 2 weeks
of life are a decline in weight-for-age z score of 0.8–1.2, >1.2–
2, and >2, respectively (74). It is likely that robust preterm
growth reference standards that represent the full spectrum
of viable preterm birth gestations would be most ideal for
assessing adequacy and aberrations of serial preterm growth
measurements; it is unfortunate that the few available at this time
have serious limitations for monitoring the postnatal growth of
infants born extremely preterm (75, 76).

The seven cross-sectional size-at-birth preterm growth charts
in use across A&NZ neonatal sites were derived from different
datasets and time periods and have diverse features, the most
important relating to gender specificity, age accuracy, sample
representation across the gestations, generalizability to the
global preterm population, harmonization with WHO growth
standards, and capacity to calculate z-scores (Table 3). Many of
these features have been discussed in various detail elsewhere
(16, 77).

To further summarize, the Kitchen et al. (37) dataset is derived
from growth measurements taken in the 1970’s in the Australian
state of Victoria and is older and considerably smaller than the
New South Wales dataset used to construct the Beeby charts
(38). Neither dataset is completely gender-specific across the
gestational ages their data represents and the curves, constructed
in completed weeks, do not harmonize with the term WHO
Standards and are not accompanied by z-scores. Calculation of
change in z-score for assessing the association between growth
and neurodevelopment has been found to be superior than the
arbitrarily assigned cut-off of<10th percentile and they are useful
method for examining and comparing growth rates relative to
a growth chart after the early accommodation to extrauterine
life (17). Z-scores accompany the gender and country-specific
UK-WHO charts and these curves also complement the term
WHO Standards; however, the UK curves were constructed
in completed weeks on measurements taken mainly from East
Anglia (excluding non-white participants) during a similar time
period as Beeby’s, though from fewer measurements and they are
unusual in that they deviate from the seeming convention of 3rd,
10th; 25th, 50th 75th, 90th; and/or 97th centiles.

The meta-analysis conducted by Fenton et al. (40) for
the construction of the Fenton 2013 preterm centile charts
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incorporate in excess of 4 million measurements taken during
the period 1991–2007, with 260,000 weight measurements and
150,000 measurements each for length and head circumference
taken of infants born <36+6 weeks gestation; almost 23,000
of these weight measurements, and over 9,000 each of these
head and length measurements were taken of infants ≤27+6
weeks gestation. All data originated from developed countries,
including from Australia, Scotland, United States of America,
Canada, Germany and Italy, and are represented as actual age
(weeks + days) to support growth monitoring in the clinical
setting and to harmonize with the World Health Organisation
Growth Standard by 10 weeks post term age. The statistical
smoothing of the data between the preterm and WHO estimates
maintains the integrity of the data from 22 to 36 and at 50
weeks while attempting to account for the intrauterine deviation
in growth velocity that occurs during the weeks just prior to,
and after, birth; this deviation is likely due to early postnatal
fluid shifts, physiological adaptation to extrauterine life as well
as alteration in metabolism and nutrition. Reassuringly, studies
have shown that preterm infants generally grow approximately
parallel to the Fenton preterm growth chart curves (73, 78), in
keeping with the expert recommendations for growth rates (59).

The gender-specific International Standards for Newborn
Size-at-Birth, originating from a sub-study within the
Intergrowth-21st Project (42), were long awaited and anticipated
as being the preferred international new-born growth standard
for all infants. The intention had been to develop a Standard
that would be universal and independent of time, that unlike
a growth reference, would not be representative of a given
population or region at a given time, and could be used to assess
the size of newborn infants, irrespective of ethnicity, locality,
socioeconomic status, or health-care provision. The data were
collected using standardized measurement techniques from
neonates without major congenital abnormalities or ultrasound
evidence of fetal growth restriction (FGR) and were born to
healthy mothers receiving antenatal care who were without
FGR risk factors and living within chosen regions within Brazil,
Italy, United States of America, United Kingdom, India, Kenya,
China and Omen (42). Notably, the very small dataset arising
from the Project’s prescriptive inclusion criteria dictated a lower
gestational limit of 33 weeks for the centiles (33 week: weight
n = 51; length: n = 50; head circumference: n = 50), making the
standards of limited use to clinicians wishing to assess growth of
infants born at much earlier gestations.

Subsequent to the publication of these standards, the dataset
was supplemented with newborn data obtained from infants born
without congenital malformations or ultrasound evidence of
FGR before birth, to mothers in the Intergrowth-21 consortium
whose fetal growth risk factors did not include smoking
and/or severe obesity. Two hundred and eighty-five weight
measurements and 249 each of length and head circumference
measurements were used to construct the gender-specific
newborn, weight, length and head circumference reference
centiles for gestations 24+0-31+6 weeks. Values for birthweight
and head circumference at 33 weeks’ gestation overlapped
well on the original International Newborn-Size Standards and
values for length harmonized around the 50th centile, but
were less complementary at the more extreme curves. The

authors of these charts themselves caution that below 28 weeks,
the centiles should be interpreted with care, given the small
sample size used to generate the curves. Thus, these curves
are not optimal for assessing growth of preterm infants born
extremely preterm.

An alternative to INTERGROWTH-21st very preterm size-at-
birth reference charts could be INTERGROWTH-21st postnatal
preterm growth standards (43), however only 28 infants
participating in this component of the INTERGROWTH-21st
project were born ≤33 weeks (12 between 27 and 32 weeks), and
the mean gestational age and weight of the preterm infants were
35.5 (SD 1.7) weeks and 2,452 g (519) (Table 4). The developers
of these charts claim the power of their study to be equivalent
to the power of a cross-sectional study of 3,500 size-at-birth
measurements. However, there are several limitations associated
with this dataset, not the least of which is the lack of any
data below 27+0 weeks’ gestation, the very small number of
preterm infants included between gestations 27 and 32 weeks,
the 2-week gap between birth and the subsequent measurement,
and the fact that only three measurements were taken for each
infant in the first month of life (75). Further, details about the
postnatal nutrition received by these infants are not documented
and the curves, which represent the data in completed weeks,
do not harmonize with the WHO charts until 14 weeks post
corrected term.

Comparison of Fenton 2013 reference charts with
Intergrowth-21 preterm size-at-birth and the postnatal growth
standards (79) has revealed that when using the Intergrowth
curves, more infants are classified as small for gestational age
(SGA) and fewer are classified with EUGR (defined as <10th
percentile; or z-score −1.28) at 36 weeks’ gestation or earlier
discharge. Logically, given the methodological differences
between Fenton and the Intergrowth-21st project, this finding
is not unexpected. However, as discussed earlier, arbitrarily
using <10th percentile at 36 weeks gestation or earlier discharge
as a proxy for EUGR may not be appropriate. Further, the
classification of SGA (weight <10th percentile for gestational
age) is applied to an infant whose birth weight is lower than
the population norm on a growth chart for a particular birth
gestation; it does necessarily imply pathologic in utero growth
abnormalities and is not equivalent to the term ‘intrauterine
growth restriction’ (IUGR), which is a clinical definition, and
when applied to an infant at birth, refers to a rate of fetal
growth that is less than normal for the growth potential of a
specific infant as per the race and gender of the fetus (80, 81).
An IUGR infant may have an appropriate birth weight as per
gestation, but may have suffered any in utero growth deceleration
as a consequence of a perinatal insult (80). Notably, poor
neonatal growth categorized using Fenton’s preterm size-at-birth
growth charts have shown stronger associations with long term
neurodevelopment than poor growth categorized using the
Intergrowth 21st Standards (82).

In March 2019, ANDiN reached a consensus to use Fenton
growth charts and accompanying z-scores to monitor the
growth of preterm infants up to 50 weeks post-menstrual
age, with transition to the WHO growth standard to 2 years
of age in both clinical practice and the research setting. A
recommendation to this effect was made to the neonatal
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TABLE 5 | ANDiN consensus for nutrition practice, calculations, and reporting [adapted from (16)].

Nutrition calculations (33, 84) Enteral:

- Carbohydrate: 4.0 kcal (16.7 kJ).g−1

- Protein: 4.0 kcal (16.7 kJ).g−1

- Fat: 9.0 kcal (37.7 kJ).g −1

Parenteral:

- Glucose: (anhydrous) 3.8 kcal (15.9 kJ.g−1 ); (monohydrous) 3.4 kcal (14.23 kJ.g−1); (refer to product information)

- Nitrogen: (refer to amino acid product information)

- Conversion of nitrogen to protein equivalence (refer to amino acid product information)

- Protein: 3.8 kcal (15.9 kJ).g−1 (refer to amino acid product information)

- SMOF Lipid (20% emulsion): 10 kcal (41.8 kJ).g−1 lipid; when using SMOF lipid emulsion with vitamins added to

emulsion, refer to lipid emulsion product information and check composition, amount of vitamins added and calculations

with supplier/your pharmacy.

Preterm human milk composition estimate

(1, 31)

Macronutrients

- Protein: 1.27 g.dL−1

- Fat: 3.46 g.dL−1

- Lactose: 6.15 g.dL−1

- Carbohydrate: 7.34 g.dL −1

Micronutrients:

Koletzko et al. (31) (Appendix 2)

Growth charts (40, 85) Preterm

- Fenton 2013 and z-scores up to 50 weeks PMA; then WHO growth Standard to 2 years of age and z-scores.

Term

- WHO growth Standard 0–2 year

Growth velocity (35, 36) Patel’s exponential model

[1, 000×ln(Wn −W1)]

(Dn − D1)

Where W is weight in grams, D is day, 1 indicates the beginning of the time interval and n is the end of the time interval,

in days.

Growth assessment (17) - Birth z-scores for weight, length and head circumference

- 1 z-score from birth to 4 weeks, 36 weeks, 40 weeks, 44 weeks, 50 weeks, and discharge

- 1 z-score from regaining birthweight to 4 weeks, 36 weeks, 40 weeks, 44 weeks, 50 weeks and discharge

- Consideration of early contraction of extracellular fluid and adaptation to extrauterine life

- Consideration of different growth patterns of the fetus, preterm and newborn infant between 37 and 42 weeks of life.

Donor milk (53) Pasteurized donor milk, where there is evidence of benefit; and harm can be minimized.

Peer-to-peer milk donation is also practised in NZ.

Food thickener Recommend caution in using thickening agents for preterm and term infants (86–88); Recommend ascertaining amount of

thickening agent per 100 g of powdered product; note that manufacturers may recommend adding thickening agent to

breast milk in amounts that exceed those permitted in infant formula products, under Australian legislation (89).

community by ANDiN at the 2019 Perinatal Society of Australian
and New Zealand Congress.

Calculating Growth Velocity
Although daily weights, weekly length and weekly head
circumference are common and recommended measures used
in the clinical setting (83), growth velocity is a frequently
reported outcome measure in neonatal research and is a useful
clinical measure when comparing an infant’s rate of growth
to the fetal target growth. Calculating actual growth velocity
from daily weight measures is labor intensive and commonly,
and as our survey demonstrates, and as evidenced around
the globe by others (36), clinicians and researchers estimate
growth velocity using a variety of mathematical models. These
variations in practice make it difficult to compare growth
outcomes among preterm nutritional studies and limits the
evidence upon which to standardize nutritional care. Patel
et al. (36) compared the accuracy of three mathematical
methods for estimating average growth velocity with actual
growth velocity calculated from daily weight measures of

preterm infants and though there was wide variation among
the estimates, the exponential model was found to be extremely
accurate. ANDiN recommends Patel’s exponential model is
adopted by all neonatal researchers to calculate and report the
growth velocity of extremely (36) and very low birth weight
(35) infants.

The Challenge
Evidence-basedmedicine is the best approach to reducing clinical
uncertainty, yet many of the neonatal nutrition practices that are
in wide and accepted use are not supported by strong evidence
and these global variations have proven a major limitation
to the synthesis of neonatal research data and to progressing
universally-adopted, standardized evidence-based practices. It is
hoped that this survey might be impetus for other NICU centers
to explore the degree to which their own nutrition practices
differ from others and reflect on justification and evidence for
these practices.

Indeed, it has recently been argued that in order for medicine
to advance, a paradigm shift is necessary, where the default,
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and fairest approach to care might be to randomize patients
to the allocation of widely utilized and accepted treatments,
but where the evidence base is actually uncertain, so that the
chance of receiving the yet to be determined best treatment is
unaffected by clinician bias, and where care is delivered along
a pre-designed, closely monitored pathway. Informed patients
could choose to opt out, rather than in, to the randomized
allocation of treatment and trial data could be largely extracted
from electronic records and databases (26). Elucidating the
role of preterm nutrition and growth on neurodevelopment,
metabolic and other important neonatal outcomes might be
achieved more successfully and expediently if this strategy
could be successfully applied in neonatology. First though, the
reporting and data entry of neonatal nutrition and growth
outcomes needs to be standardized. To this end, ANDiN concurs
with previous recommendations from the StRONNG Checklist
(16), though with stated revisions according to more recent
literature (Table 5).

CONCLUSION

Whilst there has been some evidence of increased standardization
of nutritional practice across A&NZ neonatal units in the
past decade, some variation continues in sufficient magnitude
to impact nutrition interventions and neonatal outcomes.
Nutrition surveys, together with nutritional audit and well-
designed clinical trials have potential to inform nutrition
policies and standardized feeding practices and to improve
neonatal outcomes (90). Partnering with, and adequately
resourcing and utilizing the support and skill-set of neonatal
dietitians to standardize practice and reporting and collaborate
on randomized trials and innovative, comparative treatment

research, may help to shift the paradigm and produce quality,

evidence-based standardized nutrition practice that removes
uncertainty of care and improves neonatal outcomes.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Auckland District Health Board Research Review
Committee ID A+8146. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

BC and GM conceived the survey concept and drafted
the manuscript. BC obtained ethical approval. All authors
commented on and approved the final manuscript, participated
in drafting the survey, agreement with the manuscript and
declare that the content has not been published elsewhere.

FUNDING

This research did not receive funding or grant monies. The
Australasian Neonatal Dietitian’s Network will be provided an
unconditional grant by the Nestle Nutrition Institute to help with
open access publication fees.

ACKNOWLEDGMENTS

Wewish to thank all the dietitians who participated in the survey.

REFERENCES

1. Boyce C, Watson M, Lazidis G, Reeve S, Dods K, Simmer K, et al. Preterm

human milk composition: a systematic literature review. Br J Nutr. (2016)

116:1033–45. doi: 10.1017/S0007114516003007

2. Gidrewicz DA, Fenton TR. A systematic review and meta-analysis of the

nutrient content of preterm and term breast milk. BMC Pediatrics. (2014)

14:216. doi: 10.1186/1471-2431-14-216

3. Gates A, Marin T, Leo G, Stansfield BK. Review of preterm human-milk

nutrient composition. Nutr Clin Pract. (2020) 1–10. doi: 10.1002/ncp.10570

4. Mimouni FB, Nathan N, Ziegler EE, Lubetzky R, Mandel D. The

use of multinutrient human milk fortifiers in preterm infants: a

systematic review of unanswered questions. Clin Perinatol. (2017)

44:173–8. doi: 10.1016/j.clp.2016.11.011

5. Committee on Nutrition SoB, Committee on Fetus and Newborn.

Donor human milk for the high-risk infant: preparation, safety,

and usage options in the United States. Pediatrics. (2017).

139:e20163440. doi: 10.1542/peds.2016-3440

6. Arslanoglu S, Boquien CY, King C, Lamireau D, Tonetto P, Barnett

D, et al. Fortification of human milk for preterm infants: update

and recommendations of the european milk bank association (EMBA)

working group on human milk fortification. Front Pediatr. (2019)

7:76. doi: 10.3389/fped.2019.00076

7. McLeod G, Sherriff J, Hartmann PE, Nathan E, Geddes D, Simmer K.

Comparing different methods of human breast milk fortification using

measured v. assumed macronutrient composition to target reference

growth: a randomised controlled trial. Br J Nutr. (2016) 115:431–

9. doi: 10.1017/S0007114515004614

8. Polberger S, Lonnerdal B. Simple and rapid macronutrient analysis

of human milk for individualized fortification: basis for improved

nutritional management of very-low-birth-weight infants? J Pediatr

Gastroenterol Nutr. (1993) 17:283–90. doi: 10.1097/00005176-199310000-

00009

9. Polberger S, Raiha NC, Juvonen P, Moro GE, Minoli I, Warm

A. Individualized protein fortification of human milk for preterm

infants: comparison of ultrafiltrated human milk protein and

a bovine whey fortifier. J Pediatr Gastroenterol Nutr. (1999)

29:332–8. doi: 10.1097/00005176-199909000-00017

10. Garofoli F, Mazzucchelli I, Decembrino L, Bartoli A, Angelini

M, Broglia M, et al. Levels and effectiveness of oral retinol

supplementation in VLBW preterm infants. Int J Immunopathol

Pharmacol. (2018) 32:2058738418820484. doi: 10.1177/20587384188

20484

11. McCarthy EK, Dempsey EM, Kiely ME. Iron supplementation in preterm and

low-birth-weight infants: a systematic review of intervention studies. Nutr

Rev. (2019) 77:865–77. doi: 10.1093/nutrit/nuz051

Frontiers in Nutrition | www.frontiersin.org 17 August 2021 | Volume 8 | Article 642474

https://doi.org/10.1017/S0007114516003007
https://doi.org/10.1186/1471-2431-14-216
https://doi.org/10.1002/ncp.10570
https://doi.org/10.1016/j.clp.2016.11.011
https://doi.org/10.1542/peds.2016-3440
https://doi.org/10.3389/fped.2019.00076
https://doi.org/10.1017/S0007114515004614
https://doi.org/10.1097/00005176-199310000-00009
https://doi.org/10.1097/00005176-199909000-00017
https://doi.org/10.1177/2058738418820484
https://doi.org/10.1093/nutrit/nuz051
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


McLeod et al. Variation in Neonatal Nutrition Practice

12. Segar DE, Segar EK, Harshman LA, Dagle JM, Carlson SJ, Segar JL.

Physiological approach to sodium supplementation in preterm infants. Am

J Perinatol. (2018) 35:994–1000. doi: 10.1055/s-0038-1632366

13. Walsh V, Brown JVE, McGuire W. Iodine supplementation for

the prevention of mortality and adverse neurodevelopmental

outcomes in preterm infants. Cochrane Database Syst Rev. (2019)

2:CD005253. doi: 10.1002/14651858.CD005253.pub3

14. Yang Y, Li Z, Yan G, Jie Q, Rui C. Effect of different doses of vitamin D

supplementation on preterm infants–an updatedmeta-analysis. JMatern Fetal

Neonatal Med. (2018) 31:3065–74. doi: 10.1080/14767058.2017.1363731

15. van den Akker CHP, van Goudoever JB, Shamir R, Domellof M,

Embleton ND, Hojsak I, et al. Probiotics and preterm infants: a position

paper by the european society for paediatric gastroenterology hepatology

and nutrition committee on nutrition and the european society for

paediatric gastroenterology hepatology and nutrition working group for

probiotics and prebiotics. J Pediatr Gastroenterol Nutr. (2020) 70:664–

80. doi: 10.1097/MPG.0000000000002655

16. Cormack BE, Embleton ND, van Goudoever JB, Hay WW, Jr., Bloomfield

FH. Comparing apples with apples: it is time for standardized reporting

of neonatal nutrition and growth studies. Pediatr Res. (2016) 79:810–

20. doi: 10.1038/pr.2016.26

17. Fenton TR, Cormack B, Goldberg D, Nasser R, Alshaikh B, Eliasziw

M, et al. “Extrauterine growth restriction” and “postnatal growth

failure” are misnomers for preterm infants. J Perinatol. (2020).

40:704–14. doi: 10.1038/s41372-020-0658-5

18. Morton S, Belfort M, Kahlon P, Rudie C, Hashim E, Hansen A, et al.

Reducing time to initiation and advancement of enteral feeding in

an all-referral neonatal intensive care unit. J Perinatol. (2018) 38:936–

43. doi: 10.1038/s41372-018-0110-2

19. Butler T, Szekely L, Grow J. A standardized nutrition approach for very

low birth weight neonates improves outcomes, reduces cost and is not

associated with increased rates of necrotizing enterocolitis, sepsis or mortality.

J Perinatol. (2013) 33:851–7. doi: 10.1038/jp.2013.66

20. Patole SK, de Klerk N. Impact of standardised feeding regimens on incidence

of neonatal necrotising enterocolitis: a systematic review and meta-analysis

of observational studies. Arch Dis Child Fetal Neonatal Ed. (2005) 90:F147–

51. doi: 10.1136/adc.2004.059741

21. Cormack BE, Jiang Y, Harding JE, Crowther CA, Bloomfield FH. Relationships

between neonatal nutrition and growth to 36 weeks’ corrected age in ELBW

babies–secondary cohort analysis from the provide trial. Nutrients. (2020)

12:760. doi: 10.3390/nu12030760

22. Ziegler EE. Meeting the nutritional needs of the low-birth-weight infant. Ann

Nutr Metab. (2011) 58(Suppl. 1):8–18. doi: 10.1159/000323381

23. Cormack BE, Harding JE, Miller SP, Bloomfield FH. The influence of early

nutrition on brain growth and neurodevelopment in extremely preterm

babies: a narrative review.Nutrients. (2019) 11:2029. doi: 10.3390/nu11092029

24. Sato J, Vandewouw MM, Bando N, Ng DVY, Branson HM, O’Connor

DL, et al. Early nutrition and white matter microstructure in

children born very low birth weight. Brain Commun. (2021) 3:1–13.

doi: 10.1093/braincomms/fcab066

25. Ehrenkranz RA. Early nutritional support and outcomes

in ELBW infants. Early Hum Dev. (2010) 86(Suppl. 1):21–

5. doi: 10.1016/j.earlhumdev.2010.01.014

26. Modi N. Ethical pitfalls in neonatal comparative effectiveness trials.

Neonatology. (2014) 105:350–1. doi: 10.1159/000360650

27. Stevens TP, Shields E, Campbell D, Combs A, Horgan M, La Gamma

EF, et al. Variation in enteral feeding practices and growth outcomes

among very premature infants: a report from the new york state perinatal

quality collaborative. Am J Perinatol. (2016) 33:9–19. doi: 10.1055/s-0035-15

54794

28. Stevens TP, Shields E, Campbell D, Combs A, Horgan M, La

Gamma EF, et al. Statewide initiative to reduce postnatal growth

restriction among infants <31 weeks of gestation. J Pediatr. (2018)

197:82–9.e2. doi: 10.1016/j.jpeds.2018.01.074

29. Cormack B, Sinn J, Lui K, Tudehope D. Australasian neonatal intensive care

enteral nutrition survey: implications for practice. J Paediatr Child Health.

(2013) 49:E340–E7. doi: 10.1111/jpc.12016

30. Schanler RJ, Atkinson SA. Human milk. In: Tsang RC, Uauy R, Koletzko

B, Zlotkin SH, editors. Nutrition of the Preterm Infant. Scientific Basis and

Practical Guidelines. 2nd ed. Cincinnati, OH: Digital Education Publishing

Inc. (2005). p 336.

31. Koletzko B, Poindexter B, Uauy R. Nutritional Care of Preterm Infants.

Scientific Basis and Practical Guidelines. Basel: Karger (2014).

32. Wojcik KY, Rechtman DJ, Lee ML, Montoya A, Medo ET. Macronutrient

analysis of a nationwide sample of donor breast milk. J. Am. Diet. Assoc. (2009)

109:137–40.

33. National Health and Medical Research Council. Nutrient Reference Values

for Australia and New Zealand including Recommended Dietary Intakes.

Canberra, CA: Commonwealth of Australia (2006).

34. Cooper AR, Barnett D, Gentles E, Cairns L, Simpson JH. Macronutrient

content of donor human breast milk.Arch. Dis. Childhood. (2013) 98:F539–41.

35. Patel AL, Engstrom JL, Meier PP, Jegier BJ, Kimura RE. Calculating postnatal

growth velocity in very low birth weight (VLBW) premature infants. J

Perinatol. (2009) 29:618–22. doi: 10.1038/jp.2009.55

36. Patel AL, Engstrom JL, Meier PP, Kimura RE. Accuracy of methods for

calculating postnatal growth velocity for extremely low birth weight infants.

Pediatrics. (2005) 116:1466–73. doi: 10.1542/peds.2004-1699

37. Kitchen W, Robinson H, Dickinson A. Revised intrauterine growth curves

for an Australian hospital population. Aust Paediatr J. (1983) 19:157–

61. doi: 10.1111/j.1440-1754.1983.tb02082.x

38. Beeby P, Bhutap T, LK T. New South Wales population-based

birthweight percentile charts. J Paediatr Child Health. (1996)

32:512–18. doi: 10.1111/j.1440-1754.1996.tb00965.x

39. Cole TJ,Williams AF,Wright CM. Revised birth centiles for weight, length and

head circumference in the UK-WHO growth charts. Ann Hum Biol. (2011)

38:7–11. doi: 10.3109/03014460.2011.544139

40. Fenton TR, Kim JH. A systematic review and meta-analysis to revise

the Fenton growth chart for preterm infants. BMC Pediatrics. (2013)

13:59. doi: 10.1186/1471-2431-13-59

41. Villar J, Giuliani F, Fenton TR, Ohuma EO, Ismail LC, Kennedy SH, et al.

INTERGROWTH-21st very preterm size at birth reference charts. Lancet.

(2016) 387:844–5. doi: 10.1016/S0140-6736(16)00384-6

42. Villar J, Cheikh Ismail L, Victora CG, Ohuma EO, Bertino E, Altman

DG, et al. International standards for newborn weight, length, and head

circumference by gestational age and sex: the newborn cross-sectional

study of the INTERGROWTH-21st project. Lancet. (2014) 384:857–

68. doi: 10.1016/S0140-6736(14)60932-6

43. Villar J, Giuliani F, Bhutta ZA, Bertino E, Ohuma EO, Ismail LC, et al.

Postnatal growth standards for preterm infants: the preterm postnatal follow-

up study of the INTERGROWTH-21(st) project. Lancet Glob Health. (2015)

3:e681–91. doi: 10.1016/S2214-109X(15)00163-1

44. Oliver C,Watson C, Crowley E, GilroyM, Page D,Weber K, et al. Vitamin and

mineral supplementation practices in preterm infants: a survey of australian

and new zealand neonatal intensive and special care units. Nutrients. (2019)

12:E51. doi: 10.3390/nu12010051

45. Cormack B, Oliver C, Farrent S, Young J, Coster K, Gilroy M,

et al. Neonatal dietitian resourcing and roles in New Zealand and

Australia: A survey of current practice. Nutr Diet. 2019:10.1111/747-

0080.12592. doi: 10.1111/1747-0080.12592

46. McGuire MK, O’Connor DL. Human Milk: Sampling and Measurement of

Energy-Yielding Nutrients and Other Macromolecules. San Diego, CA: Elsevier

Science & Technology (2020).

47. Azad MB, Stkinson S, Geddes D. Collection and storage of human milk

for macronutrient and macromolecule analysis-an overview. In: Human

Milk: Sampling and Measurement of Energy-Yielding Nutrients and Other

Macromelcules. San Diego, CA: Elsevier Science & Technology (2020).

48. Fenton TR, McLeod G. Direct measurement and estimation of the energy

content of human milk. In: Human Milk: Sampling and Measurement of

Energy-Yielding Nutrients and Other Macromolecules. San Diego, CA: Elsevier

Science & Technology (2020). p. 175–90.

49. Fusch G, Kwan C, Fusch C. Rapid measurement of human miolk energy

and macronutrients in the clinical setting. In: Human Milk: Sampling and

Measurement of Energy-Yielding Nutrients and Other Macromolecules. San

Diego, CA: Elsevier Science & Technology (2020). p. 191–231.

Frontiers in Nutrition | www.frontiersin.org 18 August 2021 | Volume 8 | Article 642474

https://doi.org/10.1055/s-0038-1632366
https://doi.org/10.1002/14651858.CD005253.pub3
https://doi.org/10.1080/14767058.2017.1363731
https://doi.org/10.1097/MPG.0000000000002655
https://doi.org/10.1038/pr.2016.26
https://doi.org/10.1038/s41372-020-0658-5
https://doi.org/10.1038/s41372-018-0110-2
https://doi.org/10.1038/jp.2013.66
https://doi.org/10.1136/adc.2004.059741
https://doi.org/10.3390/nu12030760
https://doi.org/10.1159/000323381
https://doi.org/10.3390/nu11092029
https://doi.org/10.1093/braincomms/fcab066
https://doi.org/10.1016/j.earlhumdev.2010.01.014
https://doi.org/10.1159/000360650
https://doi.org/10.1055/s-0035-1554794
https://doi.org/10.1016/j.jpeds.2018.01.074
https://doi.org/10.1111/jpc.12016
https://doi.org/10.1038/jp.2009.55
https://doi.org/10.1542/peds.2004-1699
https://doi.org/10.1111/j.1440-1754.1983.tb02082.x
https://doi.org/10.1111/j.1440-1754.1996.tb00965.x
https://doi.org/10.3109/03014460.2011.544139
https://doi.org/10.1186/1471-2431-13-59
https://doi.org/10.1016/S0140-6736(16)00384-6
https://doi.org/10.1016/S0140-6736(14)60932-6
https://doi.org/10.1016/S2214-109X(15)00163-1
https://doi.org/10.3390/nu12010051
https://doi.org/10.1111/1747-0080.12592
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


McLeod et al. Variation in Neonatal Nutrition Practice

50. Arslanoglu S, Corpeleijn W, Moro G, Braegger C, Campoy C, Colomb

V, et al. Donor human milk for preterm infants: current evidence

and research directions. J Pediatr Gastroenterol Nutr. (2013) 57:535–

42. doi: 10.1097/MPG.0b013e3182a3af0a

51. Quigley M, Embleton ND, McGuire W. Formula versus donor breast milk

for feeding preterm or low birth weight infants. Cochrane Database Syst Rev.

2019:CD002971. doi: 10.1002/14651858.CD002971.pub5

52. O’Connor DL, Gibbins S, Kiss A, Bando N, Brennan-Donnan J, Ng

E, et al. Effect of supplemental donor human milk compared with

preterm formula on neurodevelopment of very low-birth-weight infants

at 18 months: a randomized clinical trial. JAMA. (2016) 316:1897–

905. doi: 10.1001/jama.2016.16144

53. Hartmann BT. Benefit by design: determining the ’value’ of donor humanmilk

and medical products derived from human milk in NICU. Semin Perinatol.

(2019) 43:151157. doi: 10.1053/j.semperi.2019.06.005
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