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Learning Objectives

Explain how nutritional needs vary among preterm and term infants

Develop individualized postnatal trajectories for preterm infants to 
reduce the risk of postnatal growth retardation

Apply current recommendations based on nutrient research studies for 
the clinical management of preterm infants

Describe the clinical outcomes from nutrient research studies in 
preterm infants



POSTNATAL GROWTH, NUTRITION, 
AND LATER OUTCOME
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Postnatal Preterm Growth Patterns

• Growth patterns are under the control of neonatal staff, 
who modify the infants’ nutrient intake
 Unlike term babies, preterm infant feedings are not 

self-regulated

 Feeding volume is determined by neonatal staff 

 Feeding and nutrient intake occur according to timed scheduled

 Baby has to metabolize nutrition “being filled into its body”

Rochow N, et al. Pediatr Res. 2016;79:870-9. 

“Term babies cry when they are hungry and stop sucking when 
nutrient intake is sufficient.”—C. Fusch



Landmark Study: Assessment of the Relationship 
of Growth and Neurodevelopmental Outcomes
Growth in Neonatal Intensive Care Unit Influences Neurodevelopmental 
and Growth Outcomes in Extremely Low Birth Weight Infants
Ehrenkranz RA, et al. Pediatrics. 2006.

Ehrenkranz RA, et al. Pediatrics. 2006;117(4):1253-61.
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NDI and Growth Are Related at
Discharge, But also at 1.5–2
Years of Life
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Neurodevelopment of ELBW Infants
Correlates with the Nutritional Intake

Stephens BE, et al. Pediatrics. 2009.

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

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

Each kcal/kg/d increases 
MDI by 0.46 points



Neurodevelopment of ELBW Infants
Correlates with the Nutritional Intake

Stephens BE, et al. Pediatrics. 2009.

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

Each kcal/kg/d increases 
MDI by 0.46 points

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

Effect size of nutritional intervention probably in the same 
range as those of classical procedures and strategies 
applied during the “intensive” intensive care period



Barker DJ, et al. N Engl J Med. 2005; 353(17):1802-9.

Trajectories of Growth among Children Who Have Coronary Events
as Adults
Barker DJ, et al. N Engl J Med. 2005; 353(17):1802-9.



Preterm Infants Show Growth Trajectories Making 
Them Vulnerable for DOHaD

Saigal S. Pediatr Res. 2006.

n = 147 ELBW & 131 NBW



Rapid Weight Gain After Weight Loss Until Term Is 
Correlated With Metabolic Outcome in Early Adulthood

Kerkhof GF, et al. J Clin Endocrinol Metab. 2012. 97(12):4498-406.

%fat
Waist

Triglycerides, Cho, LDL



POSTNATAL GROWTH RETARDATION



Postnatal Growth Restriction and Cumulative Energy 
Deficits– A Universal Problem in VLBW infants?

Ehrenkranz RA, et al. Pediatrics. 1999;104; 280-9. Embleton NE, et al. Pediatrics. 2001;107(2):270-3.
Cooke RJ, et al, Arch Dis Child Fetal Neonatal Ed. 2000;83(3):F215-8. Cooke RJ, et al. Arch Dis Child Fetal Neonatal Ed. 2004;89(5):F428-30.



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

127 VLBW infants
part of an interventional trial assessing PUFA 
supplementation on neuro-outcome

All infants on fortified BM , either own mothers  (76%) or 
donor milk (24%), 
fortified once 
EI > 120 ml/kg/d



Birth weight and longitudinal growth in infants born below 32 weeks’ 
gestation: a UK population study
Cole TJ, et al. Arch Dis Child Fetal Neonatal Ed. 2014;99:F34-F40..

Cole TJ, et al. 

Mean growth curves of weight 
by postmenstrual age and 
week of gestation, 
superimposed on the British 
1990 birth weight reference.



Significant Variation of Growth Rates and Nutritional 
Strategies Amongst NICU’s Evidence for
Operator-dependent Peformance

Blackwell MT, et al. Perinatol. 2005;25:478-85.

n = 450,  30 0/7 – 34 6/7   gestational weeks



Results: Postnatal Age and Deviation from the Target Weight (ΔW)
Centers 1-8

• There is a large 
variation in 
postnatal growth

• More immature 
infants have a 
larger deviation 
from the target 
trajectory. 

• There is a large 
deviation in growth 
trajectories by 
center.

• Some centers 
achieve growth 
close to the target 
trajectory. 
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Nutritional Intake Factors

• Factors that can aggravate nutritional intake:
 Delayed nutritional support
 Slow postnatal enteral feeding advancement
 Prolonged use of parenteral nutrition
 Repeated bouts of feeding intolerance
 Providing nutrition that does not offer optimal composition and 

nutrients needed for high growth rates in preterm infants
 Lack of proper postnatal reference trajectories

Rochow N, et al. Pediatr Res. 2016;79:870-9. 



<<Dr. Fusch; any updates to 2015 GL you’d like to share?>>

Dutta S, et al. Nutrients. 2015;7(1):423-42.  

ELBW, extremely low birth weight; 
VLBW, Very Low Birth Weight 

Working grp on feeding 
guidelines for VLBW 
infants constituted in 
McMaster University, 
Canada 

VLBW Infants Weight
First choice Mother’s own breastmilk
<1000 g at birth
1000–1500 g at birth

full feeds by ~2 weeks of age 
full feeds by ~1 week of age

>1250 g 3-hrly feeding regimen introduced
Trophic feeds (10–15 mL/kg/day) start within 24 h of life; 

caution in extremely preterm, ELBW, or 
growth restricted infants

≥1 kg at birth start nutritional feeds at 30 mL/kg/day; 
increase by 30 mL/kg/day



Optimizing Postnatal Growth—Just need to do it!

• Intervention study, VLBW (<1500 g birth weight), n=243
• Modification of the standard nutritional schedule can impact postnatal growth

Rochow N, et al. Clin Nutr. 2012;31:124-31.

DOL, days of life; VLBW, very low birth weight

Enteral Intake Parenteral Nutrition 
(amino acids and lipids)

Start Earlier, at 6 hrs of life Higher 1.5 vs 1.0 g/kg/d
Increments 19 vs. 12 days DOL 2 vs DOL 4
Max intake -200 vs -160 ml/kg/d 3.5 vs 2.5 g/kg/d

A nutritional program to improve outcome of very low birth weight infants. 
Rochow N, et al. Clin Nutr. 2012. 



Optimizing Postnatal Growth—Just need to do it!

Full line: Study group, S-GR; Dotted line: Control group, C-Gr. PMA, postmenstrual age.

Trajectories for growth of all 
infants with PMA of < 25 weeks

Improvement of weight gain, length, and head circumference



Improvement of Growth Follows Favorable Body 
Composition

Schmelzle HR, et al. Eur J Pediatr. 2007 ;166:161-7. 

DXA, dual-energy X-ray absorptiometry; GA, gestational age 

• Two longitudinal studies 
analyzed

• n=159 (87 boys; 72 girls) 
healthy term and preterm 
neonates 

• GA 38.4 weeks

Figure shows body composition (DXA) at discharge, term-born infants reference 
data Schmelzle et al 2007.

Not due to inappropriate gain 
of fat mass (i.e., %FM=const)



Nutrition Guidelines Improve Growth...
(Montreal experience)



Growing Body of Evidence about Prevention of Postnatal 
Growth Restriction—Single-center Experience



PHYSIOLOGY OF POSTNATAL 
ADAPTATION AND GROWTH

Development of individualized postnatal trajectories



Individualized Precision Nutrition

• Precision nutrition starts with a growth goal that can be assessed

• Tools available to monitor accuracy of growth trajectories 
• Charts and Individualized trajectories (see next slides)



Factors Contributing to PNGR

Ehrenkranz RA, et al. Pediatrics. 1999;104; 280-9. Embleton NE, et al. Pediatrics. 2001;107(2):270-3.
Cooke RJ, et al, Arch Dis Child Fetal Neonatal Ed. 2000;83(3):F215-8. Cooke RJ, et al. Arch Dis Child Fetal Neonatal Ed. 2004;89(5):F428-30.

• Nutrition
• Know-how
• The journey through

“no man’s land“/
”nowhere land“



Goal for Extrauterine Growth

Question:
Which birth-weight percentile should 
preterm infants adjust to following 
completed postnatal adaptation?

BTW: Growth rates are all the same—same 
slope

Kramer MS, et al. Pediatrics. 2001;108(2) e35.



Postnatal Trajectory Determines Body Composition and Risk for 
Early Onset of Adult Diseases (DOHaD—Barker Hypothesis)



Ways to monitor growth
Weight gain

X-Y scatter plot
• No reference data
• Calculation of growth rates

Fetal growth charts
• Reference data   

(appropriate?)
• Where to grow?



Gap of fetal and post-term growth charts 
due to effects of postnatal adaptation

fetal
Fenton

Intergrowth-21th
Others et al

Postnatal
WHOGCs



Combined 
intrauterine 
and WHOGS



Combined intrauterine 
and WHOGS charts

Smoothed around 
term (34–50 weeks) 
by Fenton



Current Growth Monitoring

• Charts developed from cross-
sectional birth

• Weight data from infants with 
known gestational ages

• Smoothed from 35–50 weeks 
with WHO

• Great to monitor the transition 
from preterm period to infancy

Fenton TR, et al. BMC Pediatr. 2013;13:92.



Trajectories for Extrauterine Growth

• The gold standard 
reference for term infants 
are the 
WHO Growth Standards

• Postnatal adaptation and 
weight loss is reflected in 
the WHO Growth Standards 
in the first two weeks

TeCES: Term Contraction of Extracellular Spaces



Trajectories for Extrauterine Growth

• Preterm infants also 
experience postnatal weight 
loss and therefore show an 
offset of growth trajectories

• Physiological postnatal growth 
curves for preterm infants are 
missing

Premature rearrangement of water spaces due to premature birth
Implications for shift of postnatal growth trajectories

PreCES: Preterm Contraction of 
Extracellular Spaces
TeCES: Term Contraction of 
Extracellular Spaces



Postnatal Dynamics of Growth and Weight 
Gain: common understanding

“…All babies show a drop in 
body weight after birth, 
therefore they need some time 
until they restart to grow…”  

Right?



However:

TECES and PRECES:
This is a one-time, irreversible 
process.

In a preterm infants, ideally 
growth should slow down only 
for a short period of time—until 
nutrient intake meets the needs 
for continued growth

Postnatal Dynamics of Growth and Weight 
Gain: common beliefs



          

Premature rearrangement of water spaces due to premature birth
Implications for shift of postnatal growth trajectories

Individual fetuses in general grow on “their” intra-uterine percentile and 
transition to the corresponding postnatal one (Mei et al 2004)



Changes in body weight of healthy non-IUGR 
preterm infants from birth during the first two 

weeks of life.

The new percentile seems to be 0.8 
Z-scores below the birth  percentile

Center GA MUMC

CDN

UHH

GER

UHG

GER

SMH

CDN

SJH

CDN

total

Level III Level II

Screened total 1,633 888 449 403 330 3,703

25-29 461 194 137 792

30-34 1,172 694 312 403 330 2,911

Include

& 

analyze

total 185 344 100 140 212 981

25-29 107 58 65 230

30-34 78 286 35 140 212 751



Changes in body weight of healthy non-IUGR 
preterm infants from birth during the first two 

weeks of life.Center GA MUMC

CDN

UHH

GER

UHG

GER

SMH

CDN

SJH

CDN

total

Level III Level II

Screened total 1,633 888 449 403 330 3,703

25-29 461 194 137 792

30-34 1,172 694 312 403 330 2,911

Include

& 

analyze

total 185 344 100 140 212 981

25-29 107 58 65 230

30-34 78 286 35 140 212 751

No difference between NICUs 
despite moderate differences in 
fluid and nutritional protocols

The new percentile seems to be 0.8 
Z-scores below the birth  percentile



Hypothesis to test: prediction of weight at 42 weeks by 
applying different concepts of postnatal growth

Postnatal percentile approach         Growth velocity approach



Growth model:(1) intrauterine growth on Fenton chart; (2) preterm birth (3) postnatal adjustment of growth trajectory during 
first 21 days; (4) day of life 21 (5) period of stable growth: T1-percentile-course approach or T2-growth-velocity-approach; 
(6)weight differences at 42 weeks between WHOGS and individual growth trajectory using T1 or T2 in post-term period

Concept of dynamic growth trajectories combining 5 principles
1. Fetal growth charts (Fenton), 4. 21-day adaptation (Rochow/Fusch)
2. Postnatal growth charts (WHOGS) 5. Median daily growth rates (Fenton)
3. Theorem: a healthy fetus follows its intrauterine percentile and adapts to the 

corresponding postnatal percentile (Mei) 



Growth Trajectory 
Calculator

Web-based growth trajectory 
calculator for preterm infants for 
gestational ages between 24- and 
34-weeks PMA and all birth weights:
http://www.growthcalculator.org/

Rochow N, et al. Online Calculator. 2016; http://www.growthcalculator.org/. 

PMA, postmenstrual age.



Individualized Growth Trajectory Concept:



Postnatal growth rates are about 10% higher 
compared to intrauterine growth rates.

Growth Charts under
www.growthcalculator.org

http://www.growthcalculator.org/


New definition of PGR?

Two different real infants’ weights plotted (red)

Deviation by 1 or 2 confidence intervals 



Current Research

Validation of growth calculator 
• With a larger sample size of infants (n = 14.000) from databases in Canada 

(McMaster), Germany (Nuernberg, Rostock, Dresden, GNN), Australia (Adelaide 
GINO study), Sweden (Stockholm) and US (Wilmington, Boston)

• Against outcome based data

• Using weight, body composition, neurodevelopment (Bayley III),
cardiovascular data 

• Correlate with deviation from target trajectory to assess appropriateness of 
the model in relation to disease risk



BP

Deviation from optimal growth trajectory and impact 
on outcome variables





Results: Neurodevelopment at 18–24 months 
Assessed by Bayley Scale was Related to ΔW (n= 3152)

p<0.001 p<0.001 p<0.001

Cognitive Composite Scale Language Composite Scale Motor Composite Scale

(all centers except 5)On average, 1 point increase per 10% weight difference for all 3 indices



Results: Relation between Neurodevelopment and ΔW at 5 years
• At 5 years, the total IQ and verbal IQ WPPSI scores were significantly 

related to ΔW (N= 1511, p<0.05)
• For deviations from the target trajectory less than -250g, there was a 

positive relationship between higher growth and better 
neurodevelopment outcomes

• Above 250g deviation from the target trajectory, there was no significant 
relationship with neurodevelopment



Clinical Validation of Individualized Growth 
Trajectories
• California Quality perinatal org using ‘our curves’ to assess growth 

• Portugal also using these curves 



NUTRITION PHYSIOLOGY FOR GROWTH

Optimal, Individual Nutritional Management



Physiology: How Babies Should Grow

• Term vs preterm postnatal growth

• Critical to understand how preterm infants should grow

• A balanced diet is needed for optimal growth

• DOHaD concept suggests suboptimal growth of a fetus or a 
newborn infant can impact early onset of adult metabolic and 
cardiovascular diseases

• How can we meet preterm postnatal growth strategy?

Rochow N, et al. Pediatr Res. 2016;79:870-9. 

DOHaD, Developmental Origins of Health and Disease. 



In utero Growth

Growth rate of a fetus is determined by its genetic potential 
and modified by ‘environmental’ factors, such as: 
 Maternal nutrition

 Body composition

 Pathologies

Rochow N, et al. Pediatr Res. 2016;79:870-9. 



Amino Acids and N2 Retention in First Days of Life

Embleton N, et al. Early Human Dev. 2007;83:831-7.

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

200mg of N2 retention equals 10g of growth



Protein Intake is the Limiting Factor for Growth

Micheli et al. Protein, pp 29–46 in Tsang RC, et al. Nutritional needs of the preterm infant. Williams & Wilkins. 1992)

…and so is energy.

Protein : Energy ratio 
needs to be balanced



Metabolic pathways of 
amino acids

Protein synthesis



Metabolic pathways of 
amino acids

Protein synthesis
Amino acid breakdown

AA oxidation

Process
energy consuming
water consuming
strong osmolyte

Urea

Gluconeogenesis



Metabolic pathways of 
amino acids

Protein synthesis
Amino acid breakdown

AA oxidation

Process
energy consuming
water consuming
strong osmolyte

Urea

Gluconeogenesis

Balanced ratio of protein : energy

Unbalanced ratio of protein : energy
Protein too high
Energy too low



CHO-to-Fat Ratio Influences Rate 
and Quality of Growth in Preterm Infants

Group 1 Control Group 2

Protein & Calories 4.0 g/kg/d  and 130 kcal/kg/d

CHO 35% 50% 65%

Δ Weight [g/kg/d 20.2    ±1.8 21.4   ± 2.3 23.2   ± 2.9

Δ HC [cm/wk] 1.19 ± 0.29 1.20 ± 0.11 1.24  ± 0.15

Δ Skinfold SC [mm/wk] 0.89 ± 0.30 0.96 ± 0.35 1.00  ± 0.24

Fat Stored [g/kg/d] 3.9   ± 0.7 4.1   ± 0.9 4.5   ± 0.6

Protein stored [g/kg/d] 2.6   ± 0.1 2.7   ± 0.2 2.8   ± 0.1

Lean Mass Stored*** [g/kg/d] 15.6   ± 3.0 15.8   ± 0.78 16.8   ± 0.84

Protein:Fat [g/g] 0.70 ± 0.14 0.68 ± 0.15 0.63 ± 0.1

Protein Oxidation 1.05 ± 0.22 0.90 ± 0.12 0.85 ± 0.13

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

weight gain, fat mass
head circumference
more lean mass

***“Lean mass stored” was calculated from “Protein Stored” assuming a protein content of 17% for lean mass.



Impact of Nutritional Composition on Growth

Micheli et al. Protein, pp 29–46 in Tsang RC, et al. Nutritional needs of the preterm infant. Williams & Wilkins. 1992)

Optimum 
accretion of 
lean mass



Impact of Nutritional Composition on Growth

Micheli et al. Protein, pp 29–46 in Tsang RC, et al. Nutritional needs of the preterm infant. Williams & Wilkins. 1992)

Proportionate 
growth

FM : Lean ok

Optimum 
accretion of 
lean mass

Protein intake 
too low

Inappropriate
Growth
< genetic 
potential



Impact of Nutritional Composition on Growth

Micheli et al. Protein, pp 29–46 in Tsang RC, et al. Nutritional needs of the preterm infant. Williams & Wilkins. 1992)

Protein intake 
too low

Inappropriate
Growth
< genetic 
potential

Proportionate 
growth

FM : Lean ok

Area of 
optimum 

growth

Energy intake too low
Inappropriate growth 

< genetic potential
FM : Lean ↓↓

BUN ↑↑
Edema ↑↑

Optimum 
accretion of 
lean mass

Energy intake too 
high

Disproportionate 
growth

Excess FM
TG and Glc ↑↑



Energy intake too 
high

Disproportionate 
growth

Excess FM
TG and Glc ↑↑

Impact of Nutritional Composition on Growth

Micheli et al. Protein, pp 29–46 in Tsang RC, et al. Nutritional needs of the preterm infant. Williams & Wilkins. 1992)

Protein intake 
too low

Inappropriate
Growth
< genetic 
potential

Proportionate 
growth

FM : Lean ok

Area of 
optimum 

growth

Energy intake too low
Inappropriate growth 

< genetic potential
FM : Lean ↓↓

BUN ↑↑
Edema ↑↑

Optimum 
accretion of 
lean mass

Area of 
excess 
growth

Area of 
restricted

growth



HOW NUTRITIONAL NEEDS VARY 
AMONG PRETERM AND TERM INFANTS



Pros
Mother’s Breastmilk

• Contains many natural 
substances
• Oligosaccharides

 Microbiome

• Human proteins lead to better 
tolerance

• Lower sepsis and NEC rates
• Costs are low

• Variable macronutrient 
composition; not balanced

• Macronutrient content can be 
too low for preterm infants

• Protein content decreases with 
postnatal age and varies 
between mothers

Cons



Growth Velocity 
[g/kg/day]

Protein Intake
[g/kg/day]

Protein Content of Milk
[g/100 ml]

Preterm infants 24–32 
weeks

(12–) 18 3–4.5 2–2.9

Term infants (3–) 8 1.5–2 1–1.3



Growth Velocity 
[g/kg/day]

Protein Intake
[g/kg/day]

Protein Content of Milk
[g/100 ml]

Preterm infants 24–32 
weeks

(12–) 18 3–4.5 2–2.9

Term infants (3–) 8 1.5–2 1–1.3



Milk 
Collection

Routine 
Fortification

Human 
milk 

fortifier 

Feeding 

Henriksen C, et al. 2009
Corvaglia, et al. 2010

How to fortify breast milk?
• Current approach: Routine fortification 
• Addition of a fixed dosage of fortifier to 

breast milk 



Variation of Protein Content in Breast Milk

Weber A, et al. Acta Paediatr. 2001;90:772-5; Polberger S. Nestle Nutr Workshop. 2009;63:195-204.

Meal



How to fortify breast milk?
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fortifier 

Feeding 

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

Henriksen C, et al. 2009
Corvaglia, et al. 2010

• Current approach: Routine fortification 
• Addition of a fixed dosage of fortifier to 

breast milk 



• Current approach: Routine fortification 
• Addition of a fixed dosage of fortifier to 

breast milk 

Milk 
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fortifier 

Feeding 

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

Henriksen C, et al. 2009
Corvaglia, et al. 2010

How to fortify breast milk?



Variation of Protein Content in Breast Milk and 
Fortified Breast Milk vs. ESPGHAN 
Recommendations

Pr
ot
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median 1.9 g/dL (1.1–3.5)     vs.       2.9 g/dL (2.1-4.5)

Breast milk Fortified BM Day-to-day
Fortified BMBreast milk

Weber A, et al. Acta Paediatr. 2001;90:772-5.

N=20

Polberger S. Nestle Nutr Workshop Ser Pediatr
Program. 2009;63:195-204
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Inter- and Intra-individual Variation of 
Breast Milk Composition in Unfortified 12h Batches

Study Subject Study Subject Study Subject

ESPGHAN
recommendations
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Grey: 

No Correlation Between Macronutrient Levels
(Wet Lab Chemistry)

Colour: 40 mothers of term and preterm infants     
fore, mid and hind milk (n = 3 x 40; 120) 

Grey: 10 mothers of preterm infants; on average 85    
batches used for feeding (n = 850)

ESPGHAN guideline
commercially available formula: Enfamil premature, Similac Advance, Preemie SMA 24, 

Beba, Prematil, Humana 0-VLB

Green: fore milk
Yellow: mid milk
Red: hind milk

Grey: batches

Fusch G, et al. Acta Paediatrica, 2015 ;104:38-42.



Protein Intake is the Limiting Factor for Growth

Micheli et al. Protein, pp 29–46 in Tsang RC, et al. Nutritional needs of the preterm infant. Williams & Wilkins. 1992.



Protein Intake is the Limiting Factor for Growth

Micheli et al. Protein, pp 29–46 in Tsang RC, et al. Nutritional needs of the preterm infant. Williams & Wilkins. 1992.

Fat is the main determinant
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Impact of nutritional composition on growth

Proportionate 
growth

FM : Lean ok

Protein intake 
too low

Inappropriate
Growth
< genetic 
potential

Energy intake too 
high

Disproportionate 
growth

Excess FM
TG and Glc ↑↑

Energy intake too 
low

Inappropriate 
growth < genetic 

potential
FM : Lean ↓↓

BUN ↑↑
Edema ↑↑

Optimum 
accretion of 
lean mass

Area of 
optimum 

growth

Area of 
excess 
growth

Area of 
restricted

growth
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Impact of nutritional composition on growth

Proportionate 
growth

FM : Lean ok

Protein intake 
too low

Inappropriate
Growth
< genetic 
potential

Energy intake too 
high

Disproportionate 
growth

Excess FM
TG and Glc ↑↑

Energy intake too 
low

Inappropriate 
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potential
FM : Lean ↓↓

BUN ↑↑
Edema ↑↑

Optimum 
accretion of 
lean mass

Area of 
optimum 

growth

Area of 
excess 
growth

Preterm infants have no 
self regulation—different than 

term infants



Impact of nutritional composition on growth

Proportionate 
growth

FM : Lean ok

Protein intake 
too low

Inappropriate
Growth
< genetic 
potential

Energy intake too 
high

Disproportionate 
growth

Excess FM
TG and Glc ↑↑

Energy intake too 
low

Inappropriate 
growth < genetic 

potential
FM : Lean ↓↓

BUN ↑↑
Edema ↑↑

Optimum 
accretion of 
lean mass

Area of 
optimum 

growth

Area of 
excess 
growth

Just adding more of an unbalanced 
diet does not help fix the problem



PRINCIPLES OF ADJUSTED FORTIFICATION
“PRECISION MEDICINE”



Adjustable fortification of breast milk 
improves growth, but not for all subjects
Inclusion criteria Results
BW 600–1750 g
GA 24–34 weeks
Healthy infants (no NEC, sepsis, IVH)
no ventilator support on day 21

Randomization stratified according to BW
<1250 g
<1500 g
<1750 g

Arslanoglu S, et al. J Perinatol. 2006 ;26:614-21.



How to Fortify Breast Milk
• New individualized approach
• Analyzing breast milk, and individually fortifying it to reach 

recommended macronutrient amounts

Goal: Standardized intake for preterm infants

Milk 
Analysis

Routine 
Fortification

Human 
milk 

fortifier 

Individualized 
Fortification
• Fat
• Protein
• Carbohydra

te 

Feeding Milk 
Collection



Comparison of point-of-care milk analysers 
vs micro-methods

Unity 
Spectrastar

Near Infrared

Miris
Mid Infrared

Sample volume 1 ml; measurement time 1–3 min

Originally developed for use in dairy industry



95

Correlation of Reference Method vs. Unity/MIRIS 
Data (non-corrected)
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UNITY MIRIS

Fusch, G, et al.
Clin Nutr, 2014.

Fusch G et al
J Chromat , 2011

Choi A 
Matern Child Nutr ,2013

n = 978 !!



MAMAS Study Protocol  
Milk analysis using milk analyser study
Part 1: Initial assessment of device 
performance

Part 2: Long term stability & quality control

Part 3: Ring trial

N = 18 centers

“Handbook of  Target Fortification”
125 pages, 56.  

Kwan C, et al. Clin Nutr. 2019. pii: S0261-5614(19)33040-7. 



MAMAS Study Protocol  



MAMAS Study Protocol  



Comparison of all centers for high QC fat



Performance of bedside milk analysers can be improved by applying 
principles of good laboratory practice (GLCP)

Kwan C Clin Nutr 2019



CLINICAL OUTCOMES FROM 
NUTRIENT RESEARCH STUDIES



Nutrient enrichment by lyophilisation increases the nutrient 
content, but does not eliminate the variability of composition



Does target fortification work?
Study done in 2009, published 

in 2016



No difference in growth...

??

??



No difference in growth...

But also no difference in intake… and P:E ratio low

??

??

??
??



Individualized fortification is superior to standard 
fortification:  “Target” better “Adjusted”







McMaster Study: Target Fortification Improves 
Protein and Carbohydrate Intake

Study design
• Double-blinded, 

single-center, randomized 
control trial

• 3-weeks intervention period

• Primary outcomes—weight 
at 36 weeks

• n=100 preterm infants

Fusch G, et al. Acta Paediatr. 2015;104:38-42. 

Control 
(n=43)

Intervention 
(n=42)

P value

Birth weight (g) 970 + 260 960 + 210 0.97

GA at birth (weeks) 27.0 + 1.8 27.2 + 1.2 0.44

GA at start (weeks) 30.4 + 1.6 30.4 + 1.1 0.85

DOL at start 22 + 7 22 + 6 0.31

Male (n) 24 22 0.75

Baseline Demographics



ESPGHAN 
RECCOMENDATION

TFO improves intake of Protein

Average 21 Day 
Protein Intake

(g/kg)

Low Protein Group
Intake < Median of 

3.41 g/kg/day after RF

High Protein Group
Intake > Median of 

3.41 g/kg/day after RF

Control Interventio
n

Infants on 
Donor Milk

Agostini et al. 2010



ESPGHAN 
RECCOMENDATION

TFO improves intake of Fat

Average 21 Day 
Fat Intake

(g/kg)

Control Interventio
n

Control Interventio
n

Infants on 
Donor Milk

Agostini et al. 2010



ESPGHAN 
RECCOMENDATION

TFO improves intake of 
Carbohydrates

Average 21 Day 
CHO Intake

(g/kg)

Control Interventio
n

Infants on 
Donor Milk

Agostini et al. 2010



ESPGHAN 
RECCOMENDATION

TFO increases caloric intake to provide 
more energy for preterm growth

Average 21 Day 
Caloric Intake

(kcal/kg)

Infants on 
Donor Milk

Agostini et al. 2010



McMaster Study: 
Target Fortification Improves Growth Outcomes

Control (n=43) Intervention (n=42) P value
Weight (g) 2280 + 340 2510 + 290 0.01
Growth velocity 
(g/kg/d)

19.4 + 2.3 21.2 + 2.3 <0.001

Nutritive efficiency 
(g/dL)

12.6 + 1.6 13.9 + 1.7 <0.001

TFI (mL/kg/d) 155 + 4 153 + 4 0.008

Fusch G, et al. Acta Paediatr. 2015;104:38-42. 

Nutritive Efficiency = Growth velocity
TFI



High Protein Low Protein

Control 
(n=22)

Interventi
on (n=21) p-value Control 

(n=21)
Interventi
on (n=21) p-value

Weight (g) 2400 ± 331 2480 ± 265 0.35 2170 ± 316 2540 ± 312 <0.001

Growth Velocity
(g/kg/d) 19.7 ± 2.0 21.3 ± 2.0 0.011 19.2 ± 2.7 21.0 ± 2.6 0.030

Nutritive Efficiency
(g/dL) 12.7 ± 1.4 14.0 ± 1.6 0.009 12.4 ± 1.9 13.8 ± 1.8 0.019

TFI (mL/kg/d) 155 ± 4 153 ± 3 0.087 155 ± 3 153 ± 4 0.044

Improved growth outcomes in 
Low Protein Group

Low

High

ControlIntervention

Protein Intake

g/
kg

/d
ay

Intake after RF > Median 
of 

3.41 g/kg/day

Intake after RF < Median 
of 

3.41 g/kg/day

Target fortification is not a superfortification. It just identifies babies 
from mothers with low content of macronutrients to provide them 

with an appropriate nutrition to reach ESPGHAN guidelines.



Perinatal Characteristics and NICU Outcomes
Control Group TFO Group

Randomized Completed Randomized Completed
N - 89 51 90 52
Maternal Diabetes 6 (7) 3 (6) 7 (8) 6 (12)
Hypertension/Preeclamps
ia 16 (18) 12 (24) 25 (28) 17 (33)
Suspected 
Chorioamnionitis 32 (36) 15 (29) 25 (28) 13 (25)
Antenatal Corticosteroids 84 (94) 49 (96) 78 (87) 47 (90)
Died 5 (6) 2 (4) 0 (0) 0 (0)
NEC all cases 5 (6) 2 (4) 2 (2) 0 (0)
NEC Bell stage 3 3 (3) 1 (2) 0 (0) 0 (0)
Sepsis clinical 41 (46) 19 (37) 30 (33) 14 (27)
Sepsis culture positve 17 (19) 7 (14) 22 (24) 10 (19)
PDA 57 (64) 30 (59) 51 (57) 29 (56)
PDA treated 35 (39) 21 (41) 31 (34) 14 (27)
BPD mild 22 (25) 17 (33) 20 (22) 15 (29)
BPD moderate/severe 32 (36) 18 (35) 29 (32) 16 (31)
feeding intolerance 14 (27) 8 (15)**

• No difference in perinatal characteristics and demographics
• Trend towards better NICU outcomes
• Better tolerance of enteral nutrition (more balanced intake??)



Clinical Chemistry
All High protein group Low protein group

Outcom
e

Control 
Group

TFO Group Control 
Group 

TFO 
Group

Control 
Group TFO Group

Glucose 
Day 14 4.1 ± 0.8 4.6 ± 0.9* 4.3 ± 0.9 4.6 ± 1.1 4.0 ± 0.8 4.5 ± 0.7*

Glucose 
Day 21 4.6 ± 2.3 4.3 ± 1.1 4.8 ± 3 4.3 ± 1.2 4.3 ± 0.9 4.2 ± 1

BUN 
Day 14 2.5 ± 1.1 4.2 ± 1.5*** 2.8 ± 0.9 4.1 ± 1.6** 2.3 ± 1.2 4.2 ±

1.4***
BUN 

Day 21 2.5 ± 1.1 4.7 ± 1.5*** 2.8 ± 1.2 4.8 ±
1.1*** 2.3 ± 0.8 4.6 ±

1.8***
TG

Day 14 0.9 ± 0.4 0.7 ± 0.2 0.8 ± 0.3 0.7 ± 0.2 0.9 ± 0.6 0.7 ± 0.2

TG
Day 21 0.8 ± 0.5 0.7 ± 0.3 0.8 ± 0.3 0.7 ± 0.3 0.9 ± 0.7 0.7 ± 0.2

Mild increase in glucose and BUN levels without 
clinical significance

Drop in triglyceride levels



Body Composition Outcomes
All High protein group Low protein group

Outcom
e

Control 
Group 
(n=43)

TFO Group
(n=43)

Control 
Group 
(n=21)

TFO Group
(n=18)

Control 
Group
(n=22)

TFO Group
(n=25)

PMA 
[weeks]

39.5 ± 2.9 40.7 ± 2.9 39.3 ± 3 40.8 ± 3 39.7 ± 2.9 40.7 ± 2.9

Total 
Body 

Mass [g]

3030 ± 760 3470 ±
760*

3090 ± 910 3260 ± 910 2970 ± 610 3620 ± 610

FM [g] 590 ± 280 820 ±
280**

590 ± 300 770 ± 300 590 ± 260 850 ± 260

FFM [g] 2430 ± 530 2670 ±
530*

2500 ± 630 2620 ± 630 2360 ± 420 2710 ± 420

FM % 18.8 ± 5.4 22.8 ±
5.4**

18.1 ± 4.4 22.2 ± 4.4* 19.5 ± 6.2 23.2 ± 6.2

FFM % 81.2 ± 5.4 77.2 ±
5.4**

81.9 ± 4.4 77.8 ± 4.4* 80.6 ± 6.2 76.8 ± 6.2

FM 
Index 

[kg/m2]

2.6 ± 1 3.4 ± 1** 2.5 ± 1 3.2 ± 1* 2.7 ± 1 3.5 ± 1

FFM 
Index 

[kg/m2]

11 ± 1.2 11.3 ± 1.2 11 ± 1.2 11.2 ± 1.2 11 ± 1.2 11.3 ± 1.2Increased lean mass (FFM) and increased fat mass (FM): potential effect, inherent due to the 
composition of standard fortifier because their high amount of fat can lead to excess fat intake in 
preterm infants receiving breast milk with high native fat content, which cannot be reduced.



Standard Target

Fortification strategy

95.7 mean 99.3
13.0  SD                11.6

(p > 0.05)

Sample size for
alpha 0.05
beta   0.80
delta  ~3–4
SD      ~12

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

0

10

20

30

40

50

Distribution of COG and 
fortification strategy

Series1 Series2

Standard

Target

COG NDI

OR for COG < 85
3.1  (p>0.05)

Fortification and Neurodevelopment
Cognition—per protocol analysis

Subjects on target fortification do better

higher mean (average)
Lower OR for COG<85
Right shift of population



O'Connor DL, et al. JAMA. 2016;316:1897-1905. 

BSID III, Bayley Scales of Infant and Toddler Development; Cog, cognition

Lower NEC rates, but 
no improvement in 
neurodevelopment outcome

• No difference in BSID III scores

• Increased risk of cog <85

• No difference in risk of cog <70

DoMINO Trial



DoMINO Trial
• Double-blind, randomized trial
• VLBW infants, from 4 neonatal units in Canada, within 96 hours of birth
• n=363, randomized; fed for 90 days, or to discharge, when mother's milk was 

unavailable
 181 donor milk 
 182 preterm formula

• No statistically significant differences in mean Bayley-III cognitive composite 
score (92.9 in donor milk group vs 94.5 in formula group)

• Significance of DoMINO trial
• Babies on supplemental donor milk had reduced NEC rate
• Neurodevelopmental outcome did not improve [at 18 months]

O'Connor DL, et al. JAMA. 2016;316:1897-1905. 

DoMINO, donor milk for improved neurodevelopmental outcomes; NEC, necrotizing enterocolitis; VLBW, very low birth weight.



Protein content of breast milk: 
Term vs Preterm

Effect on donor milk
(Fenton systematic review)

Own data: 
Target Fortification Study



IFO Analysis at McMaster 
Children’s NICU

Osmometer

Milk analyser (Unity)



Always as a point-of-care solution?

• Does not need to be at the bedside
• Can be managed by the central lab
• Also more robust in terms of QC and GCLP

• Dr. Dirk Olbertz, 
Suedstadtklinikum, Rostock, Germany



Nuernberg practice 
and real life data • Space needed: 50 cm 

footprint, standard bench

• Time needed: 2–3 
minutes

• Calculation of target 
amount: 2 minutes 
can also be done using an 
excel based tool—“APP”





Requirements and benefits of target fortification
• Space needed: 50 cm footprint, standard bench 
• Time needed: 2–3 minutes
• Calculation of target amount: 2 minutes can also be done using an excel based 

tool—“APP”

• Benefit
• Better tolerance
• Avoidance of postnatal growth retardation
• More constant weight gain, better growth
• Better body composition
• Better thermo control
• Shorter length of stay



Effects when you start to 
measure and when you care 

about BM content 
• Staff develops interest in growth because 

they understand the nutritional physiology 
and expected growth patterns/trajectories

• Growth and nutritional assessment 
becomes an issue in the unit as part of daily 
routine, not only once per week

• Staff gets excited when they see the results 
of macronutrient contents and together 
with the knowledge stated in #1 call for 
action

• It is comparable to BGA, and if you see a 
pCO2 of 32mmHg (4.3 kPsc); you adjust your 
ventilator settings before you see cystic 
lesions in US weeks later

Real life data 
from Oct 10th

analysis

Dysbalanced 
intake

See also time 
needed
7 minutes for 6 
measurements



Effects when you start to 
measure and when you care 

about BM content 

Real life data 
from Oct 10th

analysis

Dysbalanced 
intake

See also time 
needed
7 minutes for 6 
measurements



Growth achieved with 
target fortification



The Future:
FAT-MEN

Fully automated 
target macronutrient 

enhancer



Summary (1 of 7)

• Postnatal nutrition and growth patterns of preterm infants have an 
impact on later somatic and neurodevelopmental outcome.

• Postnatal growth patterns are related to nutritional intake provided 
by neonatal staff.

• All staff involved in neonatal care should have an understanding of 
the basic physiology of growth and how nutrition is related to it.



Summary (2 of 7)

• Individualized postnatal growth trajectories can be predicted, may 
provide a new reference point and support clinicians to guide 
growth of an individual infants (‘Precision Medicine’).

• Preliminary validation results appear reasonable.

• Postnatal weight gain [per kg/day] seems to be higher, by 10% 
compared to fetal weight gain.



Summary (3 of 7)

• The current concept of human milk fortification is based on the 
assumption of an average composition of breast milk.

• Composition of breast milk is highly variable.

• This can lead to clinical conditions with insufficient or 
unproportionate intake of one or more macronutrients thus 
compromising growth and later outcome.



Summary (4 of 7)

• Individualized fortification is feasible (‘Precision Medicine’).

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

• Target fortification reduces the risk of postnatal growth restriction.



Summary (5 of 7)

• Important: Target fortification is not providing “super” fortification. 
It identifies babies with mothers who “produce” BM with 
insufficient MN composition and provides them with intake 
according to ESPGHAN guidelines

• To measure solely protein content might not be sufficient. Fat 
content is highly variable, as the lactose content.

• 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)

Rochow N, et al. Pediatr Res. 2016;79:870-9. 



Summary (6 of 7)

• Donor milk can be reliably measured. Pasteurization does not 
distort the analysis.

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

• The optimum components  for target fortification need to be 
developed. The fat-based concept of fortifiers available in NA to 
provide the extra calories needed should be reviewed. 



Summary (7 of 7)

• 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). 

• Concept should be proven in a blinded 
multicenter RCT including body composition measurements and 
neurodevelopment outcome.
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