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Overview

Mother's breast milk is notably considered the gold
standard for infants’ nutrition. However, Christoph
Fusch, MD, PhD, discusses evidence that reveals the
macronutrient composition from breast milk is
variable and may not provide adequate nutrients for
the essential growth and neurodevelopment needed
in preterm infants. The challenge with enteral nutrition
is determining how to achieve a healthy balance
between appropriate nutritional intake while also
reducing the risk of sepsis and necrotizing enterocolitis
(NEC) in preterm infants in order to achieve good
growth and developmental outcomes. Dr. Fusch
reviews the benefits and draw backs of mother’'s milk,
donor milk, and fortified infant formula in premature
infants, as well as evaluating the optimum composition
of infant milk fortification.

Content Areas

e Discern enteral nutrition needs of preterm
infants

e Evaluate postnatal growth in preterm infants

e Recognize that neurodevelopmental outcome
relies on nutrient intake of sufficient protein,
calories, and minerals

e Understand carbohydrate-to-fat ratio that
influences the rate and quality of growth in
preterm infants

e Select the right infant formula for optimum
composition of fortification

Target Audience

This activity was developed for pediatric physicians,
nurses, nurse practitioners, dietitians, allergists and
other health care providers who have an interest in
newborns, infants and toddlers.

Obtain your CE/CME credit at:

k https://pnce.org/IndividualizedFortification-CME

Learning Objectives

At the conclusion of this activity, participants should be
better able to:

e Assess the benefits and optimum
compositions of fortified human milk and
formula in preterm infant enteral nutrition

e Develop individualized, evidence-based
nutritional strategy for preterm infants to
include the protective effect of breast milk,
and provide appropriate growth and
neurodevelopment rates
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Editor’s Note: This is a transcript of the live presentation from Miami Neonatology on November 14, 2018.

Dr. Cristoph Fusch: This [Slide 1]
shows you procedures available for

the treatment of respiratory
insufficiency and breathing
disorders. In 1985, we had

conventional ventilation, which we
were using in babies. Then we got an armada of new
procedures— [some of which] you see here. There's
lots of research on this. When should we use what?
We have heard a few things about nasal CPAP, LISA,
and so on. [Is this] the wrong talk? No, it is not.

Procedures available for treatment of respiratory
insufficiency and breathing disorders
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Enteral nutrition of preterm infants, [in] 1985, we
had formula, [which included] intact cow's milk
protein, and maybe extensively hydrolyzed

[formula]. That was all we had. Rarely was someone
feeding human milk to preterm babies.

Now, 30-33 years later, it looks like with ventilation,
we have lots of new products, lots of new strategies.
We need to work with these new products and do
[more] research, to see which [will] grow babies
best. There is also, maybe, a generational issue,
moving away from ventilator lung towards growth.
Both need to be done to get the right product: a
good baby, at the end.

Enteral nutrition of preterm infants
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Challenges of enteral nutrition are to achieve a
balance between—when we implement it—
tolerance and adequate nutritional intake, thereby
reducing the risk of sepsis and necrotizing
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enterocolitis (NEC), and still achieving, at the end,
good growth and developmental outcomes.

Challenges of enteral nutrition

Balance between

o e
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neurological (MDI — PDI)
body composition (DOHaD risk)

Slide 3
| would define this as somatic, like weight
trajectories; neurological, with [mental

development index] MDI, [physical development
index] PDI; but also body composition, because it's
not only growth, but weight gain, that matters. We
need to gain weight with[in] the right body
compartments to reduce the risk for DOHaD, which
is developmental origins of health and disease. This
affects typically men my age, earlier or later, and to
reduce this also in preemie babies, also for female
preemie babies.

This is a comparison of different nutritional regimes
that have different effects on outcome categories,
and it's all summarized here [Slide 4]. So, | can stop
the talk here, but | won't.

Comparison of different nutritional regimes:

differential effects on outcome categories

NEC/ Growth Neuro-
Sepsis/Death development
Formula - + +/-
HM
MOM (native) +
Donor (native) + -- -
HM + HMF (bovine) +/- + +
Donor + HMF (bovine) +/- +- +/-
HM + HMF (human) + + (+)
HM + TF +/- ++ ?
Formula + HMO + + ?
Slide 4

Apparently, neurodevelopmental outcome has to
do with growth and with feeding, with nutrient
intake. This study [Slide 5] from Bonne E. Stephens,
MD, et al,” which is very frequently quoted, showed
that early nutritional intake increases the MDI if you
manage to bring the kcal up. Each kcal that you
achieve during the first week of life increases your
MDI by 0.46, and each g protein/kg/d will increase
your MDI by 8.2. That is significant. Others have
shown in studies, as well, that nutrition matters
because it affects brain growth. And, with a bigger
brain, at the end, you have better capacity, and
fortunately it is currently as easy as that.
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Growth spurt: Brain

Neurodevelopment of ELBW infants
correlates with the nutritional intake

— N=124 ELBW infants
— Mean birth weight 787 +133 g
— Mean gestational age was 25.9 +1.6 weeks

TABLE3 Regression Analysis Week-1 Energy Intake and 18-
Manth MOI

TABLE4  Ragression Analysks Weak 1 Pratein Intake and 18
meonth MDI
Variable b (SE) P Partial Variable
"

Earth weight 003 (0.0 0244 006
s B23(290) 0055 00

WH 1511635)  B063  om
<1} 0350314 346 0
5143 oo
0% oot
9134 [0

SE

— Each keal/kg/d increases
MDI by 0.46-points
Stephens BE et al. Pediatrics 2009

— Each g protein /kg/d increases
Bayley MDI by 8.2-points

Slide 5

How do babies grow? This is a slide [Slide 6] from
Richard Ehrenkranz, MD, to whom | would like to
devote this lecture. It shows these are the reference
curves (intrauterine), and we frequently achieve
growth curves like this." So, this is a severe risk of
postnatal growth restriction due to cumulative
energy deficits. This is maybe not the way babies
should grow in the next 20 years.

Postnatal Growth Restriction and Cumulative Energy

Deficits
A Universal Problem in VLBW infants?

2000
— intrauterine growth {10th and Sth) 4
o 24-25 wesks Al
1750 | [-= 26-27 weeks
- - 28-20 weeks
1500

wielght [grams]
]

n E ] % m E] n 34 E
Postmentrual Age [weeks]

Ehrenkranz RA, Pediatrics 1999;104; 280-8.
Embleton N E, Pediatrics 2001;107(2):270-3.

Cooke R J, Arch Dis Child Fetal Neonatal Ed 2000,83(3).F215-8,
Cooke R J, Arch Dis Child Fetal Neonatal Ed 2004,89(5):F428-30.
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In this study, you see here [Slide 7] was done in [very
low birth weight] VLBW babies due to another
reason that they were SGA, small for gestation age,

at admission in 33%, and at discharge, in 63%. So,
you see here again [top left], growth curves like
this.?

Extra-uterine growth restriction at discharge observed in 58% of

VLBW infants fed predominantly standard fortified breast milk
(Henriksen, Corvag

h-weight infunts fud

British Journal of Nurrition (2009), 102, 11791186
ing PUFA suppl

127 VLBW infants
part of an interventional trial
on neurg-outcome

tation

Allinfants on fortified BM , either own mathers (76%) or donor
milk (24%), Exira-aterine growth restriction is common in VLBW infunts
N { ) fed fortified human milk. Recommended encrgy intakes for
fortified once growing preterm infants were not met in
El > 120 mlfkg/d We obscrved a significant positive a
energy intake and reduced risk o

discharge. The present study shows that preserm infar
Growth restricted at Adacuate weight at
All{n127) discharge (0 72) descharge (n 55)
Mean s0 hean 5o Mean D I3
Maternal charactenisics
Age (yeans) M k1l 5 3 5 062
lon-smokoers (%) ] -] +] 021
Infanl characieristics
SGA at birth (%) a3 [=] 11 <0001
Birth weight (g) 1086 288 10585 208 1082 n 050
Initial weight lass (g) 168 200 233 184 1o 175 073
Tima 1 regain binh weight (d) 94 4 102 4 a8 4 047
Gestational age at birth (weeks) 284 a7 206 E ra 2 =000
Length at birth [cm)* 353 4.2 3449 45 1) 35 020
Haad circumfarance at birth (cm) 265 25 65 28 Hd 22 078
Wieight al discharge (g) 2683 856 247 a0 3055 541 =< 0001
Lengih at decharge (cm)" a8 4.6 449 48 455 a4 018
Head drcumference at dischame (cm) 344 26 34.0 27 M9 24 010
Slide 7

We are currently working on individualized
trajectories, putting a few  physiological
observations together, creating individualized
trajectories for babies to come out of this “no man's
land” here, 'How to know to grow, but | can't
elucidate on that due to time constrictions. | will go
now to the few different products we have to [help]
achieve postnatal growth. On one hand, we can use
formula in babies. The good thing on formula is it's
balanced and a constant composition of
macronutrient. It's easily available and costs are
relatively low.
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Formula

+

* Balanced and
constant composition
of macronutrients (MN)

Most of the naturally
occurring ingredients
(enzymes, hormones,
growth factors) & cellular
components are missing

* Easily available Cows milk protein/NEC

Mothers own milk

+ -

* Containing many natural
substances & cells

MN composition variable
not balanced

MN content generally too
low for preterm infants

* QOligosaccharides

* Microbiome

* Costs Contains no oligosaccharides
* Human proteins
Microbiome tolerance/sepsis/NEC
(association cath days and sepsis)
Oxidative stressnn * Costs
Slide 8 Slide 9

On the negative side [Slide 8, right], most of the
natural occurring ingredients (ie, enzymes,
hormones, growth factors and cellular
components), are missing. And, it's based on cow's
milk protein and has an association with the risk of
NEC. It doesn't contain oligosaccharides. We have
heard a little bit about microbiomes and how
important oligosaccharides are to introduce, or to
establish the right microbiome that might be
protective also for NEC. Formula also causes more
oxidative stress than human milk.

Mother's own milk contains many natural
substances; [it] contains these oligosaccharides,
which is good for the microbiome. The human
proteins lead to a better tolerance, lower sepsis,
and lower NEC rates; therefore, also to less catheter
days and sepsis. Costs are still relatively low. The
product itself is for free, but the handling and the
storage might cost some money. However,
macronutrient composition is very variable in
mother's own milk and is not balanced; and
macronutrient content is generally too low for
preterm infants.

You see here [Slide 10], growth curves, gestational
age here, weight, weight per week, and weight in
g/kg/d. And you see, here, that term babies have a
growth rate of about 5 g/kg/d [shaded blue],
whereas preterm babies have 15-17 to 20 g/kg/d
[shaded yellow]. So, much higher.

Fetal Weight Gain varies during the last trimester of gestation
Breast milk composition meets the growth needs of term, but

not that of preterm infants

Fenton Charts (50" Percentile)

oa Weight Gain
Lgm/kg/d]

20 25 kL) 35 a0
Gestational Age [Weeks)

Growth Velacity Protein Intske Protein Content of Milk
[e/ke/day] [g/ke/fday] [£/100 mi]
Preterm Infants 24-32 Weeks (12-)18 3-45 2-28

Term Infants (3-8 15-2 1-13

Slide 10

Protein intake and growth velocity are very tightly
correlated (I will come to that a little later). If you
want to achieve 3-8 g/kg/d of growth velocity, then
you need to have a protein intake of 1.5-2 g/kg/d. If
you're assuming an intake of 150 ml/d, then the
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protein content of that milk that you are feeding to
the baby would need to have 1-1.3 g/dL of protein,
and that is exactly the composition of breast milk.

However, preterm babies with a higher growth
velocity need a much higher protein intake, up
to 3 g/100 ml, which is basically not available in
human milk.

What you see here [Slide 11] is data on the
composition of breast milk, protein content in
weeks of lactation; so, the week 1, 2, 3, 4 after birth.
You see on one hand that the protein content
decreases during the first few weeks, and there's a
huge inter-individual—but also intra-individual—
variation, but most concerning is the inter-
individual variation.? The green shaded areas are
the ESPGHAN [European Society for Pediatric
Gastroenterology Hepatology and Nutrition]
recommendations to make preterm babies grow
the right way.

Protein content of breast milk decreases with
postnatal age and varies between mothers

Protein [g/dL]

— 05

7 H
week 0 20 40 80 20 100 121

[ Fortified BM

2.9g/dL (2.1-4.5)

Day-to-day
Meal-to-meal

Breast milk

Fortified BM

Breast milk
median 1.9g/dl (1.1-3.5) vs,

Weber A Acto Paediatr. 2001 Polberger 5. Nestle Nutr Workshop. 2009

Slide 11

So, how do we get out of this? Everybody does it. We
are doing routine fortification using human milk
fortifiers. Basically, this work has been done in the
‘80s and ‘90s. The products have developed since
then but have not improved a lot. They are basically
based on a standard—assuming a standard
composition of breast milk. If you have this

standard composition of breast milk, then
everything is fine. But if you don't, then things are
not so good any longer for the preterm babies.

How to fortify breast milk?

Current approach: Routine fortification

Addition of a fixed dosage of fortifier to breast milk

Routine
fortification

Milk - -
collection Human milk

fortifier

Feeding

Extra-uterine growth restriction at discharge
observed in 58% of VLBW infants fed predominantly
standard fortified breast milk

Henrlksen C, et al. 2009
Corvaglie, et al 2010

Slide 12

How are these fortifiers [composed]? What are their
properties? They increase nutrient intake, because
they add extra protein, extra calories and minerals.
They add about 1-1.1 gm protein/dL, and they add
about 14-18 kcal/dL. But, they are based on cow's
milk protein; therefore, they reduce the NEC-
protective effect of breast milk. The optimum
composition of non-protein calories, fat vs
carbohydrates, is unknown (I'll come to that later).
There are concerns about osmolality, which I think
are very weak because the basis of osmolality
recommendation is extremely weak. The variability
of the macronutrient composition is still present.
The big question is, is it adequate for all? Because
we are assuming the standard composition of
breast milk.
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Fortifier (cow’s milk), standard

+

« Increases nutrient intake

) r r cow’s milk protein
protein, calories, minerals

reduces NEC-protective
effect of breast milk

+ adds about 1 -1.1 gm protein/dL
adds about 14 -18 kcal/dL

optimum composition of
non-protein calories
(F : CHO) unknown

osmolality A

Variability of MN composition
still present

adequate growth for all?
assumption of standard
composition of all BM

Slide 13

If we look at growth under human milk fortifiers, we
still see that 58% of the VLBW infants fed
predominantly standard fortified breast milk do not
grow well.*>

How to fortify breast milk?

Current approach: Routine fortification

Addition of a fixed dosage of fortifier to breast milk

Routine
Milk Fortification
Collection - Human milk f .

fortifier

Feeding

xtra-uterine growth restriction at discharge
observed in 58% of VLBW infants fed predominantly
standard fortified breast milk

Henrlksen C, et ol 2009
Corvaglla, et ol 2010

Slide 14

What does the standard fortification do? Basically, it
shifts up these variations by this 1-1.1 gm/dL, and
you see that for the first week, it's fine. Second
week, third week is fine, but here [into week 4]
already you see a significant amount of milk
samples and mothers who have a protein

concentration, despite standard fortification, that is
not sufficient.

Variation of protein content in breast milk
and fortified breast milk vs ESPGHAN
recommendations

Protein [g/dL]

H H
week

[ Fortified BM

2.9g/dL (2.1-4.5)

Breast milk Day-to-day

Meal-to-meal

Fortified BM

Breast milk
median 1.9 g/dL (1.1-3.5) vs.

Weber A Acto Poediatr. 2001 Polberger 5. Nestie Nutr Workshop. 2009

Slide 15

And we are here only on week 3 and 4, and for a 24-
weeker, week 4 would be 28 weeks, and that's still a
long way to go until term.* So, basically the babies
here would be depleted with protein intake.

These are data [Slide 16] from our own study where
we had 10 mothers from an overall sample of 850
using 12-hour batches, and you see for the different
macronutrients here,® fat, protein and
carbohydrate, the huge variation. The shaded areas
are the ESPGHAN recommendations. You see here
calories; you see here protein-to-calorie ratio (I will
come to that later). That is very important. This is
the carbohydrate-to-fat ratio in the non-protein
energy, which is also extremely important. It might
explain some of the observations that Paul Rozance,
MD, did about carbohydrate depletion’—what you
do if you put insulin into an organism.
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Inter- and Intra-individual Variation of Breast Milk Composition in
Unfortified 12h Batches; 10 mothers, 850 samples
aof ) 20f 1 ESPGHAN
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Here are data [Slide 17] on calories. And you see
here that this mom produces a breast milk with 65
kcal/100 ml [Infant 8].2 That is the assumption. This
one is close to it, as well [Infant 4]. This mom
behaves according to protocol.

This mom, here [Infant 6], does not behave
according to protocol. She produces a rich breast
milk, 90 kcal, and stays [at day 40] still at 70 kcal/100
ml. Here [With Infant 5] and here [Infant 3] we are
seeing that we have only 55 kcal/100 ml, so that is
very depleted breast milk which is fed to the baby.

Variation between individuals, from day-to-day and
between lactation periods is considerable
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| first thought having all this data together that
Mother Nature produces either a rich breast milk or
a poor diluted breast milk—it's a matter of dilution.
When we did the x-, y-plots of the different
macronutrients against each other, we were blown
away, and | think that has never been shown before
about the huge variability. That is shown in this
paper, which we published [in] 2015, Acta
Paediatrica.’ What you see here [Slide 18] in these
850 samples plus 120 samples, 3 times from 40
moms, fore, mid, and hind milk, [plot 1] lactose vs
protein, which is all over the place. There is not a
diluted or undiluted milk, the same for fat and
protein [plot 2] and for fat and lactose [plot 3]. There
are moms who produce milk that is rich in protein
but poor in energy. There are moms who are
producing breast milk that is poor in protein and
rich in energy. All these babies cannot grow. | will
show you, a little later, why. The same is true for
fore, hind, and mid milk.

No correlation between macronutrient levels
(Wet lab chemistry)

Colour: 40 mothers of term and preterm infants Green: fore milk
fore, mid and hind milk {n = 3x40; 120) Yellow: mid milk
Grey: 10 mothars of preterm infants; on average 85 Red: hind milk
batches used for feeding (n = 850)
Grey: batches

ESPGHAN guidsline

commarcially available formula; Enfamil premature, Similac Advance, Preemie SMA 24,
Beba, Prematil, Humana 0-VLE
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“There are moms who produce milk
that is rich in protein but poor in
energy. There are moms who are

producing breast milk that is poor
in protein and rich in energy. All

these babies cannot grow.”

What you see here [Slide 19] is 13 mothers who had
at least 21 samples. [Fat is plotted on the x-axis;
protein along the y-axis] These mothers produce
milk that is significantly different from [each other].
I'll come to this graph a little later. Basically, this is
energy [x-axis]—fat is a major determinant for
energy—and this [y-axis] is protein intake.

Inter-individual clusters of macronutrient contentin
native breast milk

13 mothers °
>=21 samples each a
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We're not the only ones, fortunately, who have
looked into this. Recently, Jae Kim, MD, PhD, from
San Diego, published a paper last year' that
basically confirms what we have published in Acta
Paediatrica."

Variability of BM nutrient content
San Diego Group
protein
. fat
carbohydrates . ~
Slide 20

Fortifiers now are composed in different ways.
Actually, we have 4 products, and there are 2 mainly
used in Europe, 2 mainly used in North America.
You see that the composition for protein is the
same, but to gain the extra fat, the North American
fortifiers are heavily fat-based, nearly free from
lactose (only a little bit), whereas the European ones
are not using fat, but achieve everything with
lactose. The question is, where does it lead to?

Fortifier (cow’s milk), standard

+

* Increases nutrient intake cow’s milk protein
protein, calories, minerals
reduces NEC-protective

effect of breast milk

Table: Composition

ifier | Fat

optimum composition of
non-protein calories
(F : CHO) unknown

osmolality A

* Target concentrations per 100mL breast o .
milk: fat: 4.4g, protein: 3g, CHO: 8.8g. Variability of MN composition

still present

adequate growth for all?
assumption of standard
composition of all BM

Slide 21

We used our data here [Slide 22] and did the
calculations.”> When we fortify milk with these 4
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different fortifiers, where do we come up to with fat,
with protein, and with carbohydrates? And you'll see
here that for fat, the European fortifiers [are] a little
bit under fortified, and the North American
fortifiers, over fortified. So, North American babies
get a good amount of fat when they are on breast
milk. For protein, they all add the same amount, and
it is not sufficient. And for carbohydrates, the
European ones over fortify with carbohydrates, and
the North Americans under fortify, at least this one
is a little higher.

Impact of different fortifier strategies
on nutrient content of HM

+0,5 17 +1,.2

707 . 457 14

!
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i T r_|-‘1’.| "wﬂ:_' ?'lll;*-li ?Li‘li f"_l:l;h & .
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@
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We said, what should the optimum composition be
for a fortifier to meet the needs of most [infants]?
And then we found that we should have 0.5 g/dL of
fat, 1.7 g/dL of protein, and 1.0 g/dL of lactose. That
would be the ideal fortifier that at least serves the
purpose of most of these individuals. Interestingly,
there are 2 fortifiers now in clinical studies that have
a composition that is very close to what we thought
should be in there. | wonder what results will come
in terms of growth.

The carbohydrate-to-fat ratio influences the rate
and quality of growth in preterm infants. Sudha
Kashyap, MD, from New York, from [Children’s
Hospital of New York] did a very nice study that was
published around 2000 with a few papers.'>'? She

had 3 groups of stable growing preemie babies.
They all got the same amount of protein, 4.0 g/kg/d,
and the same amount of calories, 130 kcal/kg/d. She
provided the non-protein calories, here [Slide 23,
Group 1] 35% as fat, 65% as carbohydrates, here
[Group 2] it was 50%:50%, and here [Group 3] it was
the other way around.

CHO/fat ratio influences rate
and quality of growth in preterm infants

GroTL Control Group 2
4.0 gfkafd and 130 keal/kefd
5% S0% 65%
20.2 *1.8

119+0.29
0.89 £ 0.20
[eke/dll 39 £07
Lefkeddl 26 0.1

[fkasd] 156 %30
[e/el 0.70 £0.14
1054022

214 £23 232 219

1204011 124 £0.15
0,06 £ 0.35 100 £0.24
41 039 45 206
27 02 28 201
158 =0.78 168 2084
0.68 £ 0.15 063401

0504 0.12

0854013

it S101a" acnsving & peaton connant of 17% far laan mass.

Same calories, same protein intake: given preferentially as CHO (65 vs 35%) lead to
Better grawth, Less protein oxidation

weight gain, fat mass

head circumference

more lean mass

Slide 23

And what you find interestingly is that the weight
gain is significantly different. Three g/kg/d is a
significant difference. Head circumference was
different, and babies accumulated more lean mass
here, but they also accumulated a little bit more fat
mass when they were receiving a little bit more
carbohydrates. | think that nicely explains what you
see when we add insulin, because basically you
make the carbohydrates disappear, and babies
don't grow so well.

Why did that happen? She measured protein, better
said, amino acid oxidation, and she found that the
amino acid oxidation here [Group 1, final row] is
much higher, when you give the same amount of
calories as fat, compared to carbohydrates, than
when you do it the other way around [Group 2, final
row].

What does amino acid oxidation mean? It means
that the proteins, the amino acids, are not being put
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together because that's an energy consuming
process that might need quick energy, which means
carbohydrates and not fat, but a bigger portion now
goes into gluconeogenesis. To do gluconeogenesis
with protein means you have to strip off the
nitrogen from the skeleton, and you will have the
carbon skeleton. Carbon skeleton goes into
gluconeogenesis, and the nitrogen is being used to
form urea. That is a very costly process. Urea is also
a strong osmolyte and binds water.

My hypothesis is that some of the cosmetic edema
that we see in healthy growing babies is just an
overproduction of urea, and because we give
imbalanced nutrition to these kids.

Donor Milk and Its Components

Now, let's go to donor milk. Donor milk contains
natural components, molecules, hormones, and
cells. It does the same as mother's milk; however
the natural component is less active. Still, the
macronutrient content is variable and not balanced.
The protein content is even lower because donor
milk is usually obtained late in lactation. We do
certain procedures with donor milk: we pasteurize
[it], we freeze it, which might contribute to—that the
components are less active. And donor milk is
relatively costly, and you don't get it everywhere.

Donor milk

+ -

MN content variable
not balanced

* Natural components
molecules, hormones, cells

* Microbiome
* Oligosaccharides

Protein too low for preemies

Protein content even lower
due to late lactation

* Human protein Pasteurisation

* Natural component Cost
less active Availability
Slide 24

These are data [Slide 25, left plot] [showing] how the
protein concentration goes down after birth. These
are data [right plot] from our own study where you
see according to protein content, these diamonds
are donor milk babies, so they really receive protein
at the lower end.

Protein content of breast milk: term Own data:
vs preterm target fortification
Effect on donor milk study
(Fenton systematic review)
G ion of Protein
45 3
40
o3 30
Eao
225
5 25 i .
2 20 Ry s
s T
3 e 20 "wf:- Y
05 !
0.0 15 2 et
o 2 4 3 B 10 2 P
Weeks postnatal age ‘;—‘ “.?:
10 : o
Figure 4 True Protein content distribution of preterm and term wEe et
breast milk in by postnatal age over the first 12 weeks of
lactation, weighted mean and 95% reference interval. Freterm o
ik _':I‘Il milk smean +/- 2 :ldflllﬂ'd deviations EBM EBMRF EBM EBW:RF
. Control Intervention
-
once ik

Slide 25

Donor milk has an inbuilt risk of providing
insufficient nutrient intake if you don't take care.

Donor milk has an inbuilt risk of providing
insufficient nutrient intake

In the systematic review by Quigley and McGuire," in
fants randomized to receive donor milk had slower growth than
infants randomized to receive formula; however, only 2 of 9
trials included in their analyses used donor milk fortified with
nutrients. Although no statistically significant differences in
growth between groups were observed in the present study,
results showed a 0.5- to 1.0-SD decline in weight for age and
length for age during the intervention, suggesting that growth
and likely nutritional intake were suboptimal in both groups
of infants.

1. Quigley M, McGuire W. Formula versus donor
breast milk for feeding preterm or low birth weight
infants. Cochrane Database Syst Rev. 2014:4(4).
CDO02971

Slide 26

Interestingly, it has been shown in different studies
here [Slide 27], that the amount of donor milk
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compared to mother's milk influences growth rates,
as in this study.™

Dose dependent effects of donor milk

exposure

Donor milk may differ from mom’s milk for
preterm infant needs-growth

on 0 percrtgeof mtant ik kot —— |

<20% mm (0=20)  20-80% mm (n=11)  >80% mm (n=17) pvalue

Weightatstudy  1126(996,1240)  1180(100,1300)  1240(1143,1320) 047
entry, g
Weightatendof  1385(1735,1455) 1460, (1360,1510) 1490 (1430,1510)  0.012*
study, §

Weight gain, g/kg/d  11.4(9.5,145)
Length gainemjwk  0.9(07,1.1)

15.0(13.3,16.1) 15.6(126,19.3) 0.016**

0.9(0.5,1) 09{07,12) 091

*difference between <20% and >80%
** difference between <20% and 20-80%

+ Compared to >80%, infants fed <20% grew 5.1 g/kg/d slower than those
fed >80%, adjusted for GA at birth, day of first feeding, feeding tolerance,
and weight at the first day of full feeding, prenatal steroids, and duration
of study . <20% MM means >80% DM

Adapted from Montjaux et al, Acta
peadioctrica 2011, vol 100 pg 1548-54

neurodevelopmental outcome from the group is
not better.

DOMINO trial

Lower NEC rates, but no improvementin neurodevelopmental outcomes

@ e JamA Network

From: Effect of Supplemental Donor Human Milk Compared With Preterm Formula on Neurodevelopment of
Very Low-Birth-Weight Infants at 18 MonthsA Randomized Clinical Trial

JAMA. 2016.316/(18):1897-1905. dot 10.1001jama 2016.16144

Tl Ddtacor

P At Mokt 144 No difference in

BSID Ill scores

e 955,00 P OO} P

Increased risk of
Cog < 85

llllll

No difference in
Risk of Cog < 70

Slide 27

Also, in this study, the more donor milk you give, the
worse the babies grew.

Growth Outcomes by Type of Human Milk
_Tyve of thuma *Low rates of SGA
& status at discharge
>75% DM STEN MM Mixed MMDM  value for all arouns
-2 =g 14 group: :
[Dhachargs weight, 9 7350 7710 P compared to previous
modian (IOR) {2070, 2720) (2480, 3050) (2500, 3200) 007 studies
Discharge weight z B ) T4 388
score median (1OR) 183, 048) | (14302) | (120 | ox «All infants had
[5GA o dmcharge T [1923) | 3% (1851) 3% 14 (1] d inwt
B S ecrease inwt z
Nighest level used score over
24 Reatioz mRazn | oweesn | ™eone 02 hospitalization
27 kealloz 7% (1323) SI% @751) 5% )
30 keatloz o%y | noas) | sew s D P
! | *Donor milk infants
Discharge head had
aircumteronce, cm ) ns 22 ad a non-
n = 56 median (1OR) 1525 | @25.3475 | @R225.:25 | 023 significantly greater
| Discharge head | 1 - negative change in
circumference z score o7 04 09 weight z score
mackan (JOR) (14,02 (-1.04) (-1.15,.02%) on
Change in woight §
scor, mnum:w om s 048 *Growth with donor
modion (1QR) 100,025 | (089, 00%) | (12 015 084 milk may be
e e compromised?
Slide 28

Interestingly, the DOMINO trial'® from Deborah
O'Connor, PhD, RD, which we also were part of at
McMaster University, showed that babies on donor
milk have a reduced NEC rate and should have a
better outcome, but the neurodevelopmental
outcome was not better. So, this is a little bit
surprising that you have less NEC rate, but your

Slide 29

So, | thought about it and said, no, these are the
number of infants on donor milk and on the
standard preterm formula [n=151 DM, 148 PTF].
This was the reduction in NEC rate [-7]. And if we
assume that one baby who has a NEC and a short
gut, has an IQ that might be 25 points lower, then
the donor milk group would gain 175 1Q points.

If the babies on donor milk grow a little less, and
let's say they lose only 2 1Q points, then we are
already in a negative balance, and babies on donor
milk, all over, have a worse performance for
neurodevelopmental outcome because each baby
is affected by only a few IQ points. Whereas, here
[Slide 30, row 3], few babies are affected with a big
number of IQ points.
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DOMINO trial: balance of outcome

para meters
* 151 DM 3 NEC AlIQ NEC vs non-NEC: 25 points
* 148 PTF 10 NEC AlQ. DM vs PTF: 2 points
= -7NEC*25IQP = +175 for DM group
*«148DM * -21QP = - 296 for DM group
Grand Total: -141 for DM group
Slide 30

Now what does 2 1Q points mean? If we take Dr.
Stephen's data that I've shown you in the beginning
with 8.2 MDI/g protein/kg/d"” and delta MDI of 2
would mean there is a difference of 0.24 g
protein/kg/d. The difference between donor milk
and mother's milk is between 0.3 and 0.5 g
protein/kg/d. So, the delta of 0.24 g/kg/d here would
add a growth rate difference of 1.5 g/kg/d.

DOMINO trial: balance of outcome
parameters

Taking Stephens data (8.2 MDI per 1 g Protein/kg/d)

===> AMDI of 2 = 0.24 g P/kg/d 1! |
===> AP of DM vs MM: 0.3 - 0.5 g/kg/d

===> AP of 0.24 g/kg/d = Dgrowth rate of 1.5 g/kg/d

* Study possibly not powered (2-tailed) to detect
differences in growth rates of 1-2 g/kg/d

Slide 31

The study was not powered to see this difference in
growth rate. So, it is still an explanation why babies
on mother's milk do not do better if we don't take

care of that problem. Same thing is here [Slide 32]
in the data from Tufts.®

Tufts BSID |1l scores at 2 years

Madore, et of; Clin Theropeutics 39(6): 1210-1220; 2017

100 R W—
o —
- —
¢
iv) =
a %2
s l L DBM
3 ) MOM
% [ [ uPF
o 50 1 1
5 |
s 75
ned2 | medd ned | neld nel0 mald
70 .
Cognition Language Motor
Figure1: Comparison of mean Bayley lll neurodevelopmental scores at two-years
corrected age between feeding groups ¢ standard error. Statistical analysis through
ANOVA with multiple comparisons. * indicates p value <0.05.

Highlights the importance of ongoing randomized trials being completed

+ Infants fed DM grew more poorly in the first monitfr\j
“~—__of life than those fed MM or PF =

Slide 32

Okay, now how do we grow? We have protein intake
[that] determines our nitrogen retention, which is
the buildup of lean mass, and you need about 1g
not to grow. And then, it's a very linear correlation.™

Amino acids and N2 retention in the

first days of life
Embleton N, Early Human Dev. 2007

%00 @ Fwen
@ San

g 100 @ Ve Goutooner @
§ 300 -

200 e "
§ ® [
g 100 .
§ 0 - .
4 05 @1 15 2 28 3 35 4
§ .

g &
\
&)

300 Protein intake g/kg/day
200 mg of N2 retention equal 10g of growth

Protein intake determines growth rates; strong relationship;
Ventilator settings and BGA, only slower kinetics

Slide 33

But you also need energy. So, here, basically [Slide
34], is the intake of protein.® This is the net gain of
protein. Lean mass and here's metabolizable
energy. So, if you don't give enough metabolizable
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energy, then you won't grow though you get an
appropriate amount of protein. You need both.

Protein intake is the limiting factor for growth

(Micheli et al. Protein, p. 29-46 in Tsang RC et al. Nutritional needs of
the preterm infant, Williams&Wilkins 1993)

Net Protein intake
(9/kg/day)

Protein Gain

(g/kg‘day)

2 —‘ — 40
2 PO -- 30
- @

— 25
1 ) O 20

(]

Range of Suboptimal

——————

ME Supply
1

0 1  E; B L] [ ey
50 100 150
Metabokzable Energy Intake (ME; kcal/kg/day)

...... and so is energy

Protein : Energy ratio needs to be balanced

Slide 34

Why does it happen? To build up lean mass is an
energy consuming process. To build up 1g costs
about 10 kcal. If you don't provide these kcals, you
won't grow. Plus, your protein will go down the urea
wave because you do protein oxidation. We have
seen that in Sudha Kashyap’s data.'*'

You need both protein and energy, in the right way.
If we now look into this graph and see in this area
[Slide 35, shaded green], babies might grow
appropriately. We get 4 g/kg/d. Three now, 4 g/kg/d.
That is fine, and enough energy, so we gain a good
amount of protein. Here [shaded pink], we don't
grow enough because we don't get enough protein.

Impact of nutritional composition on growth
Optimum
accretion of lean
Proportionate mass
growth

Protein Gain
(9/kg/day)

Protein intake
too low
Inappropriate
Growth
< genetic
potential

Metabokzable Energy Intake (ME; kcal/kg/day)

Slide 35

You can do it for all other circumstances. You
achieve different kinds of growth. The only way
where you achieve the best growth is here [Slide 36,
shaded red]. This is the area of optimum growth.
Where you have so much energy and so much
protein. If you give more energy, you become fat
[shaded yellow], you will weigh more, but that is
maybe not desirable.

Impact of nutritional composition on growth

Energy intake too Optlmum
low accretion of lean
Inappropriate Proportionate mass
growth < genetic g.rowth
potential EM: L" ok Proten itake o m—
FMB:UL:a/;\\*J« = | highl
Disproportionate
Edema M Tt
| Excess FM
TG and Glc M
Protein intake
too low
Inappropriate
3n92.0 Growth
J < genetic
° = —_——1— potential

50 100 150
Metabokzable Energy Intake (ME; kcal/kg/day)

Slide 36

These are areas here of overgrowth [Slide 37,

shaded yellow] and these are areas of undergrowth
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when you are here [Slide 37, shaded grey]. So, why
am | showing that to you?

Impact of nutritional composition on growth

Energy intake too Ogtlmum
low Proportionate accretion of lean
Inappropriate growth L
growth < genetic FM : Lean ok
potential _ Net Protein intake

Energy intake too

FM: Lean high
BUN T Disproportionate
Edema growth
Excess FM
TGand Glc M

Protein intake
too low
Inappropriate
Growth
< genetic

-~ potential

Slide 37

Going back to this slide here [referencing Slide 19],
where we have energy and protein, and | do the
overlay of what I've shown to you [Slide 38], then
you see that there are, indeed, combinations of
breast milk where babies cannot grow. And
unfortunately, there are more combinations where
babies cannot grow than that they grow too much.

Impact of nutritional composition on growth

Energy intake too Oqtlmum
low Proportionate accretion of lean
Inappropriate growth mass

growth < genetic FM: Lean ok

potential « Energyintake too
FM: Lean high
= BUN M Disproportionate
% w7y Edema growth
& Excess FM

TGand Glc M

3

Protein intake

— too low
Fat [g/dl] Inappropriate
Growth
< genetic
Area of potential
excess
growth

Slide 38

To overcome this, what | would like to say is that
breast milk is a highly unstandardized diet that

sometimes can make babies fail to grow. Even if we
give more of everything, we cannot fix certain
deficits. So, in this study here [Slide 39],%' adjustable
fortification was done. It was a stepwise procedure
having 6 strengths of protein, and that was added
according to the BUN [blood urea nitrogen levels].
As long as BUN was low, [HMF and protein] was
increased. As long as the BUN was high, [HMF and
protein] was decreased.

Adjustable fortification of breast milk improves
growth, but not for all subjects

Arslanoglu S (2006) J Perinatol

Inclusion criteria Results
BW 600-1750¢

Table 5 Weight, length and head circumi d the study
GA 24 34 weeks e eight, length 2 a ference gains during the study
Healthy I‘nfants (no NEC, sepsis, IVH) D — = p e

no ventilator support on day 21
Weight gain (giday) 28s48 J01=58 <001
P . . R |5Ay\h‘_\ 14227 175232 <0pl

Randomisation stratified according to BW Lengh gain (mmiday) L1£04 13205 005
<1250 g Head clacumfersnce gain (manidy) 1003 L4203 <0%
<1500 g Valoes e mean +5dl

Table 2 Amount of HMF and protein at the various fortificaon levels

Fortification kred Armonsnst e (/100 wl noilk)

3 HME 6.25+pect 05
2 HME 6.25+peot 0.4
1 HMF .25
0 HME 5

1 HMF 375

2 HME 25

Slide 39

Here's the difference in weight gain [right table]. So,
the adjusted fortification gets a better weight gain.
You'll see here, 14.4 g/kg/d vs 17.5 g/kg/d. Still, with
this variation, you see that there are babies that will
grow with 14 g/kg/d and also with 11 g/kg/d, which
is not appropriate.

That's why we thought we need to do individualized
fortification, which basically means we do milk
analysis here, then add, additionally, what is
missing.
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HOW TO FORTIFY BREAST MILK?

New approach: “Individualized fortification”

Analyzing breast milk and individually fortifying it to reach
recommended macronutrient amount

Routine \ndividlualized
Milk Milk Fortification Fortification
Collection Analysis [ eFat #  Feeding
¥ Human milk | | o ocein
fortifier *Carbohydrate

Our goal: “standardized” intake for preemies

No difference in growth . ..

Table 4, Growth data of infants af discharge
(Mean values and standard deviations)

Igp (n20) APgp control (n 20)
Mean L Mean 50 P
Growth at discharge
Age (weeks) 77 25 378 22 0762
Fal mass (g) 318 m 8 149 0469
Body fal (%) {withou comection for lengih) 137 38 136 3 0984
[Discharge weight (kg) 2204 6 2464 528 o243 | ?7?
Discharge lengih (cm) 438 28 [re 28 0343
Discharge head circumierence {cm) 324 16 331 18 0184
‘Weight gain velocity from birth (ghkg per d) 14 14 121 16 0135 27
Waight gain velocity after birth weight regained (g/kg per d) 134 19 143 16 0139 L

Igp. ntervention group; RGP, mulng practice group

Caloulated nutritional intakes after milk was forfified on measured composition

Igo (n 20) RPgp (n 20)
Mean 50 Mean

Fluid {mi) 158 14 153 9 0-256

Energy (kJ) 524 44 538 a7 0-336 29
Protein (g) 33 o4 34 05 0673 5'?
PER 26 03 27 03 0751 L
Lipid (gh 88 09 68 10 0.702

CHO (g} 129 11 135 09 0840

But also no difference in intake ...

Slide 40

There's one study from Karen Simmer, MD, PhD,
from [University of Western] Australia that did it
already in 2009,? and didn't find differences doing
it. Why?

(]

Does target fortification
work?

Comparing different methods of human breast milk fortification using
measured v. assumed macronutrient composition to target reference
growth: a randomised controlled trial

Study of 2009, publ 2016

igp (n 20) RPgp (n20)
n % n % P
Gestational age (weeks)
Mean 270 271 0781
sD 19 20
Birth weight (g)
Mean 10148 1009-2 0953
sn 2693 3131
Full enteral feeds achieved (d)
Median 17 17 0654
Range 8-27 9-29
Days from birth when feeds were fortified
Median 20 20 0903
Range 10-39 10-36
Weight at start of fortification (g)
Median 1032 1155 0925
Range 700-1998 505-1885
Slide 41

If you look into the data, then you'll see here [Slide
42] protein-to-energy ratio, which she achieved in
both groups, the same intake, so there was no
difference, and 2.6 g is too low for proper growth.
So, that's why she didn't find an intake, a difference
in growth.

Slide 42

There is a trial from Leipzig, where they did a similar
thing, but there must be some methodological
issues because you cannot, in a blinded trial, get a
dichotomous distribution in the same group. That
would not work. They didn't find a difference either.

The LEIPZIG trial (e-Poster EAPS8-1096)
W ‘{' Uhqiv;gilﬁlﬂlinikum

P

STANDARD FORTIFICATION (STD) VERSUS TARGET FORTIFICATION (TFO) IN
VERY LOW BIRTHWEIGHT INFANTS: EFFECT ON GROWTH AND AMINO
ACID PROFILE

g

serum urea [mmol)
= p

- s;,,é
%

.‘ﬂ !’) 3'! (‘)
Protein (97100 mi)

P:E (g/100kcal) 3,35 3,08

Slide 43

There are some critiques on these previous trials. |
don't want to go into too much detail. They are
methodological and also the way how they
measure.
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Summary of critiques of previous trials

Perth trial:

Target values for intake too low: P:E 1: 2,6/2.7, prot 3.3 g/ke/d

No intervention occurring in intervention group, therefore no effect
observed

Leipzig trial

Protein Intake unreasonably high in control group: 3.2/3.1 g/dL after STF
which corresponds to a native protein content of 2.1/2.2 g/dl, not
supported by data obtained from other clinical trials, reported values of
native BM are 0.9— 1.4 g/dl (Fenton, Kim, Lonnerdal, Hartmann, Rochow)

Dichotomous distribution for < and > 34 weeks of gestation,
but only in the intervention group, not in control group.

MAMAS Study Protocol

Difference between milk analyzers' fat values and fat
extraction mean values across centers
+

Comparison of different milk analyzers' fat
measurements

Mik Anadyzer fat vakses

Fat Extracticn vahses Fat extraction values

.., Comparison of ifferent milk analyzers’ protein measuremants Differenco between milk analyzers' protein values and EA mean

vahues across centers

i Anaiyaes proten vabse
Oierence fram £A mesn vales

£ prosanvabies

Slide 44

We spend a good amount of time in finding out how
can we measure macronutrient content at the
bedside? We wuse these dairy industry milk
analyzers, which is a big business, and use them to
measure human milk. Unfortunately, you need to
do a lot of work to basically tame the shrew.
Because human milk and cow's milk are different.

We did that, | can’t show you all the data because it
would take too much time, but these are recent data
from a multicenter study where we sent out the
same samples to 13 labs in North America and in
Europe, and you see that the data here [Slide 45,
lower left plot] were all over the place. So, you can't
do target fortification if you have this bad precision.

Slide 45

So, we were training and modifying these devices,
and here you see how the different units measured
differently at quality controls. Obviously, this unit
[Slide 46, 1st column, last plot] will get different
results from target fortification compared to this
one [3rd column, last plot].

Comparison of all centers for high QC fat

M R — e Camyrane
e AT e SNt T —
Lp
e e -.
N i A e X -
: ety B e
...... L HE g )

Slide 46

The good thing is we could train them with
corrected values. We measure the right thing with a
lot of training. That can be overcome, but it's not
just buying a milk analyzer and then you have the
right values.
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This is a study [Slide 47] that we did as a pilot study
about target fortification.> And we saw a
predictable weight here [plot] in babies that got
target fortification and was dependent upon milk
intake, which was not the case for babies that were
on standard fortification. These babies did not
grow, though they got a huge amount of fluid here.

Target fortification pilot study
leads to predictable growth

i
per 21-day | Matched Pair
Protocol [n=20) *
(n=10) Tn
]
c 20
Sl BVl 860+310g match+100g ;'_‘
w15
E
Gestationa 263+ 1
Gestational 2= +1 week ®
Age: 1.6 weeks 1
.

135 140 145 150 155 18D 185 17D

milk intake [miL/kg/'d]

ween milk intake and welght

) dividualized fortification

Rochow N, 2013 | Pediatr 2.058)

+ norelationship was seen in matched controls
{y = -0.08 + 32.7; R%=0.02)

= may be related to the varkable composition of breast milk

Slide 47

Then we did a randomized controlled trial, and | will
show you the data in this last part of my talk.

McMaster
Children’s
Hospital

HECHATAL KSR

Objective

To evaluate the effect of individualized target
fortification of breast milk for fat,
carbohydrates and protein on the weight gain
of preterm infants compared to routine
fortification in a randomized controlled double
blinded trial (RCT)

Slide 48

The randomized trial in 100 babies. It was double-
blinded single-center randomized control, but with

3 weeks of intervention. Randomization was done
with sealed envelopes, and the primary outcome
was weight at 36 weeks. And we had lots of

secondary outcomes.
McMaster
H Children’s
HospitaL

NECHATAL RSCRR

Study design

* Double-blinded, Single Centre Randomized Control Trial
* Three weeks intervention period
* Randomisation using sealed envelopes
* Primary outcomes:
* weight at 36 weeks

* Secondary outcomes:
* Growth Velocity (GV)
* Nutritive Efficiency (NE)
* Anthropometrics
* Metabolic parameters (Urea, Glucose, Triglycerides)

Slide 49

These are the baseline demographics [Slide 50]: no
difference, 27 weeks, 970 g. We started with
staggered fortification around 3 weeks of life.

McMaster
Children's
Hospital

Baseline demographics ~

Intervention
(n=42)

960+ 210
27212

Control
[n=43)

970 £ 260
27.0+18

p-value

Birth Weight (g)
GA at Birth (weeks)
GA at start (weeks) 304%16 | 30411

DOL at start 22+7 20%6
Male (n) 24 22

0.97
0.44
0.85
0.31
0.75

Slide 50

You see that the TFO (target fortification) improves
intake of protein. So, this is the protein intake after
standard fortification in the control group. This

19



Pediatric Nutrition

CONTINUING EDUCATION FOR CLINICIANS

Individualized Fortification of Breast Milk for Preterm Infants

would have been in the TFO group, but with the
extra fortification, we indeed achieved 4.5 g/kg/d.

McMaster
Children’s
Hospital
- - .
TFO improves intake of protein
5.
ESPGHAN
RECCOMENDATION
Aifm = = = e == ——— = o Agostini et al. 2010
Average 21 Day .
i *
Protein Intake 4.0 s High Protein Group
(8/ke) o Intake > Median of
w0 i
55 go : 3.41 g/kg/day after RF
%.:&.' : Low Protein Group
3.0 A Intake < Median of
. 3.41 g/ke/day after RF
2.5 -
RF RF TFO
Control Intervention 0 ’
Infants on
Donor Milk
Slide 51

The same happened with fat, but there was not a
big effect, because | told you that North American
fortifiers already contain so much fat that we came
close to the recommendations (was a little bit

more).
McMaster
H Children’s
Hospital
TFO improves intake of fat
85
8.04 0
7.54 .
:a
Average 21 Day %1 8 RECCOMENDATION
Fat Intake g5 T T TvETE = == == = = Agostin et al 2010
—_—
(s/kg) 60l :i‘;
5.5 el
3
5.04
a5
RF RF TFO
Control Intervention
e
Infants on
Donor Milk
Slide 52

For carbohydrates, it was a big difference.

McMaster
H Children’s
Hospital
TFO improves intake of
...__carbohydrates
145
140 ESPGHAN
135 RECCOMENDATION
Average2lDay Mo T T T T TITTTT T T T T T Agostini et al. 2010
CHO Intake :i:
(e/ke) 115 .
1.0 e
105 “\r,-?‘-
10.0 R
9.5 )
9.0
a5
RF RF TFO
Control Intervention 0 ’
Infants on
Donor Milk
Slide 53

Overall, the caloric intake also improved.

McMaster
H Children’s
. _ Hospital
TFO increases caloric intake to
provide more energy for

preterm growth

145 .
1404 ha ol ESPGHAN
it RECCOMENDATION
Average21Day T "~ ———" = g4 = = — |Agostini et al 2010
B + *
Caloric Intake " - &
(keal/kg) %] e “~
120 sare .
1 . .
15 ) :
1104 &-
1054 e, e d
et
1004 e
. -
Control Intervention Infants on
Donor Milk

Slide 54

These are the data: control = 2280 g, intervention =
2510 g, a difference of 230 g. Growth velocity was
also different.
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McMaster
H Children’s
Hospital

EONATAL MR

TFO improves growth outcomes

Control Intervention
(n=43) (n=42) p-value
Weight (g) 2280 + 340 2510 + 290 0.001
Growth Velocity (g/kg/d) 19.4+£2.3 21.2£23 <0.001
Nutritive Efficiency (g/dL) 126+ 16 13.9+17 <0.001
TFI (mL/kg/d) 1554 153 t4 0.008

Growth Velocity

Nutritive Efficiency =
TFI

Slide 55

Then we did a subgroup analysis in the high and low
protein group. High and low protein group means
the protein content in native, unfortified breast
milk. You'll see that in those individuals that receive
breast milk from mothers with high-protein
content, there's no effect of the intervention. They
grow equally well. Why? Because mother has
already enough protein in there. In the low-protein
group, there is a huge difference, of about 370 g.
Also, the growth rates are significantly different.

McMaster
H Children’s
Hospital

Protein Intake ECHATAL SR

el Improved growth outcomes in

i Lol
2 .
FE Low Protein group
T Low High Protein Low Protein
b RF "
Control Intervention Control |Intervention | Control  |Intervention| "
(n=22) | (n=21) | PV ) =2y | ez | PV
Weight (g) 24004 331| 2480+ 265 035 [2170+ 316 | 25404 312 | <0.001
Growth Velocity 19.7+2.0 [ 20.3+20 | o011 [19.2¢27 | 21.0£26| 0.030
(g/kg/d)
Nutritive Efficiency | 4,74 1.4 | 140216 | 0008 |124t19 |138:18| o019
(g/dL)
TFI (mL/kg/d) 155+4 | 153%3 0.087 | 155:3 | 153:4 0.044
Intake after RF > Median of Intake after RF < Median of
3.41 g/ke/day 3.41 g/kg/day
Slide 56

Babies who received breast milk with low-protein
content will definitely benefit from this approach. It
is relatively logical, because it is physiology, but we
could show it in this trial.

Interestingly, there were also a trend to better
outcomes for all NICU outcomes in the TFO group.
We had less NEC, less death, less PDA [patent
ductus arteriosus]. Feeding intolerance was also
lower (maybe because we had a more constant
intake for the babies, no variation).

Perinatal characteristics and NICU Outcomes
| controlGrowp | TFOGroup |
_ Randomized Completed  Randomized  Completed
N- ] 89 51 90 52
[DiE— s (8 2(4) (o) 0(0)
[NECAIGESESN 55 2 (4) 2(2) 0(0)
[NECBellstage3 | 33 1(2) a(o) 0(0)
[SepsisclinicalN 41 (46) 19(37) 30(33) 14(27)
[Sepsisculturepositve | 17(19) 7(14) 22(24) 10(19)
[POAR 57 (s4) 30(58) 51(57) 29(56)
[PDASFESESER 35(39) 21(41) 31(34) 14(27)
|[EPDIRIER 22(25) 17(33) 20(22) 15(29)
[BPDimoderate/severa I 32 (36) 18(35) 29(32) 16(31)
{feedingintolerance | 14(27) 8 (15)*
No difference in perinatal characteristics and demographics
Trend towards better NICU outcomes
Better tolerance of enteral nutrition (more balanced intake??)

Slide 57

The clinical chemistry is here [Slide 58], 2.5 BUN vs
4.2 in both groups, a slight increase but not of
clinical significance. Interestingly, the triglycerides
went down, maybe because we gave more
carbohydrates, so we could burn the fat a little
better.
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Clinical chemistry

Contral TFO Group Control TFO Group Control Group  TFO Group
Group Group

4.6+09% 4.3t09 46£1.1 4008 45%0.7*%

43111 483 43£1.2 43109 421

4.2+ 1.5%* 28+09 4.1%16*%* 23112 4.2+ 1.4%%*

4.711.5%* 28512 48L£1.1%* 231038 4.6L£1.8%**

0.7+0.2 08+03 0.7£0.2 09106 0.7+£0.2

0.7+0.3 0.8+03 0.7£03 09107 07102

Mild increase in glucose and BUN levels without
clinical significance
Drop in triglyceride levels

Slide 58

Here [Slide 59] you see all protein intakes vs weight;
and these are the 2 groups with low-protein intake.
This is without fortification. This is with fortification.
You see that these children who do not grow well
without target fortification, basically, are moved up
here [higher weight].

You see here these babies also on donor milk
intake, and they are now also up here. This again
visualizes that the effect is mostly pronounced in
this group of babies with low-protein content in
native breast milk.

Protein intake vs growth
Influence of donor milk

3100

36 Week Weight (g)
g§8882g3
=

g g
w

2.50 3.00 3.50 4.00 4.50 5.00 5.50
Average 3 Week Protein Intake (g/kg/day)

ROUTINE_HI PROTEIN
ROUTINE_LOW PROTEIN

W IFO_HI PROTEIN
W IFO_LOW PROTEIN
1 DM (n=15)

Slide 59

These are very recent data [Slide 60]. We got the
neurodevelopmental follow-up. It's not shown, yet,
at a conference like PAS [Pediatric Academic
Societies]. And you'll see here that the intellectual
outcome, the difference is about 4 points. The odds
ratio for cognitive below 85 is 3.1.

Fortification and neurodevelopment
Cognition— per protocol analysis
Subjects on target fortification do better

95.7 mean 99.3
13.0 sD 11.6
(p > 0.05)

Sample size for
alpha 0,05
beta 0.80
delta ~ 2-4
sD ~12

n=180-240
250 - 300 to
Recriuit for ND-F/U

Distribution of COG and
fortification strategy

OR for COG < 85
3.1 (p>0.05)

P A
|I -- d Target

Fortification strategy

Slide 60

Also, if you look here at the distribution of the 1Qs,
you see a shift to higher 1Qs, and the effect size
again is around 4. Unfortunately, we are not
powered to detect this difference, so we didn't find
statistical difference. If we wanted to have been
powered on these levels, we would have needed to
include 250 to 300 babies. So, that's something for
the next step for a multicenter randomized control
trial.

In summary, preterm formula makes babies grow
with predictable and adequate growth rates,
including  neurodevelopment.  Trade-off s
microbiome and NEC.

Mother's own milk and donor milk reduce risk for
NEC. The  trade-off is  growth, and
neurodevelopmental outcome might not be as
good as it could be. Fortification improves growth
and neurodevelopmental outcome. Trade-off is
NEC protective effects due to the exposition of
cow's milk decreasing. The elimination of cow's milk
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protein from fortifiers seems to reduce the NEC
rate. Trade-off is growth. (I didn't show you the data
on that.) Modern fortifiers should contain more
protein, about 0.5-0.7 g/kg/d, and a more balanced
mixture of fat and carbohydrates.

For donor milk, additional supplementation using
0.3-0.5 g protein/100 ml seems to be reasonable. |
think that may be the most important message.

Adjusted fortification may help to improve growth
but is not efficient in all preterm infants. Data about
NDI are not available.

The 2 randomized controlled trials on TFO are
charged with significant methodological limitations
and cannot be generalized to a standard setting.
Data from our double-blind randomized controlled
trial showed that target fortification improves
growth compared to standard fortification,?* most
likely including neurodevelopmental outcome. It's a
kind of precision medicine.

For both high-end fortification strategies, modern
modular components need to be developed to
conserve the NEC protective effect of breast milk,
ideally to make it cow's milk protein free and
minimize the pro-inflammatory potential by using
better lipids. More research and clinical studies are
needed, and they need to apply rules of good
laboratory practice.

Summary (1 out of 4)

Preterm formula makes babies grow with predictable
and adequate growth rates (including
neurodevelopment)

Trade-off: microbiome and NEC

MoM and donor milk reduce the risk for NEC
Trade-off: growth and NDI

Fortification improves growth and NDI

Trade-off: NEC protective effect (due to exposition to
cow’s milk)

Elimination of cow’s milk protein from fortifiers seems
to reduce the NEC-Rate

Trade-off: growth?

Summary (2 out of 4)

Modern fortifiers should contain more protein
(ca. 0.5-0.7 g/kg/d) and a more balanced
mixture of fat and CHO (Rochow, Fusch, 2016)

For donor milk, additional supplementation
using 0.3-0.5 g protein/100ml seems to be
reasonable (Simmer 2015)

Adjusted Fortification may help to improve
growth, but is not efficient in all preterm
infants. Data about NDI are not available.
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Summary (3 out of 4)

* The 2 RCTs on TFO are charged with significant
methodological limitations and cannot be
generalized to a standard setting

Data from our double-blind RCT show that
target fortification improves growth compared
to standard fortification (most likely including
NDI).

Precision medicine....

Summary (4 out of 4)

For both “high-end” fortification strategies
modern modular components need to be
developed to conserve the NEC protective
effect of breast milk (cow’s milk protein free)
and minimize the pro-inflammatory potential
(omega 3 : 6, limited MCT).

More research and clinical studies are needed

and they need to apply rules of GCLP.

| Abbreviations

BGA
BM

BSID
BUN
BW
CHO
Cog
CPAP
cv

DM
DOHaD

blood gas analysis
breast milk

Bayley Scale of Infant Development
blood urea nitrogen

birth weight

carbohydrate

cognition

continuous positive airway pressure
conventional ventilation

donor milk

developmental origins of health and
disease

LISA
MAMAS

MDI
ME

MM
MN
NDI

NE

NEC
NIV
NHFOV

less invasive surfactant administration

maternal adiposity, metabolism, and stress
study

mental development index
metabolize energy
mother’s milk
macronutrients

national death index
nutritive efficiency
necrotizing enterocolitis
non-invasive ventilation

non-invasive high-frequency ventilation
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ELBW
ESPGHAN

FM

GCLP

GV
HFOV
HM
HMF
HMO

extremely low birth weight

European Society for Pediatric
Gastroenterology Hepatology and Nutrition

fat
fat mass

Guidelines for Good Clinical Laboratory
Practices

growth velocity

high-frequency oscillation ventilation
human milk

human milk fortifier

human milk oligosaccharide
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