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Θέματα της Παρουσίασης

 Ενισχυμένο ή μη ενισχυμένο Μητρικό Γάλα

 Τύποι ενίσχυσης

 Πρώιμη ή καθυστερημένη ενίσχυση

 Σταθερή vs εξατομικευμένη ενίσχυση

 Πετυχαίνουμε την επιθυμητή τροχιά και ρυθμό αύξησης;

 Μακροπρόθεσμες επιπτώσεις 



Μητρικό Γάλα

• Ιδανική τροφή για το πρόωρο-ειδικά το VLBW 

Ανοσολογικά, νευροαναπτυξιακά και 
γαστρεντερολογικά

Ανοχή και απορρόφηση εντερικής διατροφής

Μείωση ΝΕΚ, όψιμης σηψαιμίας και ROP

• Αυξημένες ενεργειακές ανάγκες στο κρίσιμο 
στάδιο αύξησης και ανάπτυξης εκτός μήτρας

• Ολοκλήρωση εμβρυϊκής αύξησης και κάλυψη 
μεταβολικών αναγκών

• Περιορισμούς όγκου τροφής (νοσηρότητα)

Gila-Diaz, et al . A review of bioactive factors in human 
breastmilk: A focus on prematurity. Nutrients 2019



Εντερική σίτιση προώρου

• Μητρικό γάλα με ενίσχυση 
Mothers Own Milk (preterm milk) fortification 
• Γάλα δότριας από Τράπεζα ΜΓ με ενίσχυση 
Banked Milk (if possible preterm milk) fortification 
• Γάλα για πρόωρα 
Preterm formula 
• Παρεντερική διατροφή ως συμπλήρωμα εντερικής



Ποια είναι η αύξηση που αναμένουμε;

Intra-uterine growth curves

Weight, length, head circumference

Well functioning placenta

• Landau-Crangle E, et al. Journal of parenteral and enteral nutrition. 2018.
• Kiserud T, PiaggioG, Carroli G, et al. The World Health Organization fetal growth charts: a multinational longitudinal

study of ultrasound biometric measurements and estimated fetal weight. PLoS Med 2017 
• J. Stirnemann et al, International estimated fetal weight standards of the INTERGROWTH-21st Project, Ultrasound 

Obstet Gynecol, 2017
• Kiserud T, The World Health Organization fetal growth charts: concept, findings, interpretation, and application 

American Journal of Obstetrics & Gynecology, 2018



Ehrenkranz, R. A., Younes, N., Lemons, J. A., Fanaroff, A. A., Donovan, E. F., Wright, L. L., … Papile, L.-A. (1999). Longitudinal 
Growth of Hospitalized Very Low Birth Weight Infants. Pediatrics, 104(2), 280–289. doi:10.1542/peds.104.2.280

Postnatal nutritional management
• Intrauterine rates of fetal growth 

(15 g/ kg/day) 

• Επιβράδυνση ρυθμού αύξησης μετά 
γέννηση. 

• Νευροαναπτυξιακά αποτελέσματα. 

• Prevention of restriction during 
hospitalization- important.

Jose Villar, et al, Monitoring the Postnatal Growth of 
Preterm Infants: A Paradigm Change
Pediatrics (2018) 141 (2): e20172467.



Growth velocity during NICU hospitalization effect on
neurodevelopmental and growth outcomes at 18 to 22 
months’ corrected age. (2006)

Αύξηση ΒΣ σχετίζεται με νευροανάπτυξη 
διορθωμένη ηλικία 18-22 μηνών



Stephens, B. E., Walden, R. V., Gargus, R. A., Tucker, R., McKinley, L., Mance, M., Vohr, B. R. (2009). First-Week Protein and Energy Intakes 
Are Associated With 18-Month Developmental Outcomes in Extremely Low Birth Weight Infants. PEDIATRICS, 123(5), 1337–1343.

M. Lithoxopoulou, et al. Early caloric 
deprivation in preterm infants affects Bayley-III 
scales performance at 18–24 months of 
corrected age Research in Developmental 
Disabilities 91 (2019) 103429



Διατροφικές Πρακτικές 
Για Πρόωρα

Κατευθυντήριες οδηγίες και συστάσεις 

Ευρωπαϊκής Εταιρείας Παιδιατρικής Γαστρεντερολογίας, Ηπατολογίας
Διατροφής (ESPGHAN)

Συστάσεις κλινικής πράξης -έρευνα υψηλής ποιότητας, μελέτες 
αξιολογούν μακροπρόθεσμα λειτουργικά αποτελέσματα.

Στόχος: Υγιή νεογνά και βρέφη (Ιδανική Αύξηση και Νευροανάπτυξη)

N. D. Embleton, S. J. Moltu,A. Lapillonne, C. H.P. van den Akker,V. Carnielli, Chr. Fusch, et al, Enteral
Nutrition in Preterm Infants (2022): A Position Paper From the ESPGHAN Committee on Nutrition
and Invited Experts. JPGN • Volume 76, No 2, February 2023



Διατροφικές ανάγκες του προώρου

Ανάγκες ενεργειακές, πρωτεϊνικές

EMBA Working Group /ESPGHAN/AAP Joint Meeting Consensus

on HM Fortification summarizes latest recommended intakes

Συστάσεις 

Agostoni C, Buonocore G, et al. ESPGHAN Committee on Nutrition. 
J Pediatr Gastroenterol Nutr. (2010)  
Koletzko B, Poindexter B, Uauy R. World Rev Nutr Diet. (2014)
Arslanoglu S, et al , Front. Pediatr. 2019 
Position Paper ESPGHAN Committee Nutrition, Invited Experts. JPGN Vol 76, No2, Febr2023



Ενεργειακές, πρωτεϊνικές ανάγκες
(ESPGHAN) , 
American Academy of Pediatrics (AAP),
EMBA/ESPGHAN/AAP Joint Meeting Consensus
διαφορές μεταξύ προώρων

Arslanoglu S, et al (2019) Front. Pediatr. 



Μείωση πρωτεΐνης μητρικού γάλακτος κατά τη διάρκεια γαλουχίας

1. Επάρκεια θερμίδων

2. Επάρκεια πρωτεΐνης (1st w full feeds volumes)

3. Επάρκεια calcium/ phosphorus

Seminars in Fetal & Neonatal Medicine 22 (2017)
Macedo et al. Maternal Health, Neonatology, and Perinatology (2018)

Protein concentration of milk by
mothers of premature. 

World Rev Nutr Diet. Basel, Karger, 2014



Ανάγκες πρωτεΐνης και θερμίδων 
Μητρικό γάλα με και χωρίς εμπλουτισμό

South African Journal of Clinical Nutrition 2016; 29(4):157–164

Seminars in Fetal & Neonatal Medicine (2017)



Breastfeeding is best, but «not good enough» for
preterm 

• Advantages of breast milk, in preterm

• Nutritional requirements to achieve optimum growth?
• Growth not just body weight, but linear growth and head circumference

Eidelman AI. Breastfeeding and the use of human milk: an analysis of the American Academy 
of Pediatrics 2012, AAP, Breastfeeding Policy Statement. Breastfeeding Med 2012;7:323e4.



Επιστημονικά 
δεδομένα 
(evidence based) 
για ενίσχυση ΜΓ

Placental transfer of nutrients create stores for 
postnatal period. 
Human milk: “preventive therapeutic drug,” 
not provide, fed at usual volumes. 
High and variable nutrient of preterm during 
hospitalization. 
Insufficient nutrient  risk of impaired 
neurodevelopment. 
To prevent EUGR, (poor neurocognitive 
outcome), and deficiencies, fortification 
necessary



Ασφαλής μέθοδος 
εντερικής σίτισης 
μητρικό γάλα

Προσθήκη ενισχυτικού 

• μεμονωμένα μακροθρεπτικά ή 
μικροθρεπτικά (υδατάνθρακες, λίπος,
πρωτεΐνη, ασβέστιο, φώσφορο)

• ενισχυτικό μητρικού γάλακτος βόειας 
προέλευσης (Bovine MBF) ή            
ανθρώπινου γάλακτος (Human MBF)

Koletzko B, Poindexter B, Uauy R (eds): Nutritional Care 
of Preterm Infants: Scientific Basis and Practical 
Guidelines. World Rev Nutr Diet. Basel, Karger, 2014



Key nutrient is protein.

Caloric density, low volumes. Powder fortifiers: 1.0–1.1 g protein/dl milk. 

Liquid fortifiers (bovine):1.0–1.8 g protein/dl, (Human milk-based): 0.6 -1.5 g/dl protein at 80-100kcal/dl 

      

    

    Μέθοδοι ενίσχυσης –εμπλουτισμού μητρικού γάλακτος
1) Προκαθορισμένος (Standard) εμπλουτισμός: 

με βάση προκαθορισμένες ανάγκες 

προστίθεται πρωτεΐνη, ασβέστιο, φώσφορος και άλλα

1-1.5 g/dL protein, 0 - 1 g/dL fat, 0.4-3.4 g/dL carbohydrates



Μέθοδοι ενίσχυσης –εμπλουτισμού του 
μητρικού γάλακτος
Adjustable (ADJ) Fortification

2) Ρυθμιζόμενη ενίσχυση- εμπλουτισμός (individualized adjusted): 

• πρωτεΐνη ανάλογα με δυνατότητα μεταβολισμού  

• Δείκτης ουρία (BUN)- Critical levels BUN <9 mg/dL  >14 mg/dL

• Avoid protein undernutition and overnutrition. 

Arslanoglu S, Bertino E, Coscia A, Tonetto P, Giuliani F, Moro GE. Update of adjustable 
fortification regimen for preterm infants: a new protocol. J Biol Regul Homeost 
Agents.(2012) 26(3 Suppl.):65–7.



Μέθοδοι ενίσχυσης –εμπλουτισμού 
του μητρικού γάλακτος
Targeted fortification

3) Στοχευμένη ενίσχυση εμπλουτισμός (individualized
targeted): 

Αναλυτής (Milk analyzers) πρωτεΐνη- υδατάνθρακες, 
λίπος, θερμίδες. 
Expensive device, requiring calibration 

Fusch G, Kwan C, Kotrri G, Fusch C. “Bed Side” human milk analysis in the neonatal 
intensive care unit: a systematic review. Clin Perinatol. (2017)

McLeod G, Sherriff J, Hartmann PE, Nathan E, Geddes D, Simmer K. Comparing different 
methods of human breast milk fortification using measured v. assumed macronutrient 
composition to target reference growth: a randomised controlled trial. Br J Nutr. (2016)



Συστατικά που περιέχονται:
Partially Hydrolyzed Whey Protein 
Concentrate, Maltodextrin, Medium Chain 
Triglycerides, Low Erucic Canola Oil, 
Calcium Glycerophosphate, Calcium 
Phosphate, Fish Oil, Vitamin C, Magnesium 
Chloride, Calcium Chloride, Sodium Citrate, 
Choline Bitartrate, Sodium Chloride, Ferrous 
Sulfate, Vitamin E, Inositol, L-carnitine, 
Zinc Sulfate, Taurine, Nicotinamide, Calcium 
Pantothenate, Vitamin A, Riboflavin, 
Thiamin, Copper Sulfate, Vitamin B6, Folic 
Acid, Potassium Iodide, Manganese Sulfate, 
Citric Acid, Vitamin K, Sodium Selenite, 
Vitamin D, Biotin, Vitamin B12.



Βόιας προέλευσης 
HMF

Cows’ milk

Not identical

 Powders/Liquids

 Different calories, proteins, pH 

and composition



Human milk derived human milk fortifiers

• Human milk

• Not identical, Liquids, Different calories and protein concentrations



Ποια δεδομένα για την αποτελεσματικότητα και την ασφάλεια; 

Randomized trials of fortification vs no fortification with Bovine Fortifiers
Not isoenergetic/isoproteinic, blinded

 Growth better (weight and head circumference)
 No evidence of adverse impacts, (NEC or GI complications)
 Αποδείξεις για την αποτελεσματικότητα και την ασφάλεια

Amissah EA, BrownJ, HardingJE. Protein supplementation of human milk for promoting growth in 
preterm infants. Cochrane Database of Systematic Reviews 2020



• Modest increases in growth rates. 

• Insufficient effect on long term growth or neurodevelopment

Database of Systematic Reviews 2020, Issue 6. Art. No.: CD000343.

Weight gain

Head Growth



Fortified HDM than formula 
lower weight gain, longitudinal growth, head
circumference

Necrotising Enterocolitis Decreased by DBF
RR with formula 1.9 (95% CI : 1.23, 2.85)

Quigley M, et al. Formula versus donor breast milk for 
feeding preterm or low birth weight infants. Cochrane 
database of systematic reviews. 2018;6:CD002971.

Trang S, et al. Cost-Effectiveness of Supplemental Donor Milk Versus 
Formula for Very Low Birth Weight Infants. Pediatrics. 2018;141(3).

Randomized 363 VLBW, BM bovine fortifier 
NEC (grade ≥1) 11% with formula, 4% DBM
NEC (grade ≥2) 6.6% vs 1.7%



When to start?

• No significant impact of EF vs DF on all outcomes. 

• Not evidence on optimal time to start fortification.
• Early fortification: 1st feed -20 mL/kg/day

• Delayed fortification: 75ml/kg/day -100ml/kg/day

2019 S. Karger AG, Basel

Start: feeding tolerance
20 mL/kg/d or 100 mL/kg/d. 

No adverse effects, better nutrition with earlier 
fortification

Shah SD, et al. Early versus Delayed Human Milk Fortification 
in VLBW Infants-A Randomized Controlled Trial. The Journal 
of pediatrics. 2016

Early fortification of human milk versus late fortification to 
promote growth in preterm infants. Cochrane Database of 
Systematic Reviews 2020,



Human or bovine milk
fortifier to fortify breast milk? 

• RCT 127 VLBW infants MBM, or donor BM

human to bovine fortifier

No differences in tolerance,  or NEC (ROP ΣΣ διαφορά)

• Πολυκεντρική παρατήρησης >1500 νεογνά

Μείωση ΝΕΚ, Θανάτου, Σήψη, ΒΠΔ, ROP

K. Hopperton et al, Nutrient Enrichment of Human Milk with Human and Bovine Milk-
Based Fortifiers for Infants Born <1250 g: 18-Month Neurodevelopment Follow-Up of a 
Randomized Clinical Trial, Curr Dev Nutr. 2019 Dec; 3(12): nzz129. 

O'Connor DL, et al. Nutrient enrichment of human milk with human and bovine milk-
based fortifiers for infants born weighing <1250 g: a randomized clinical trial. Am J Clin 
Nutr. 2018;108(1):108-16.

Hair, A. B. et al. Beyond necrotizing enterocolitis prevention: improving outcomes with 
an exclusive human milk-based diet. Breastfeed. Med. 11, 70–74 (2016).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7053578/


Jensen GB, Ahlsson F, Domellof M, et al. Nordic study on human milk fortification in 
extremely preterm infants: a randomised controlled trial—the N-forte trial.          
BMJ Open 2021

Active group: human milk-
based nutrient fortifier 
(Humavant +6, Prolacta
Bioscience, California, USA).
 
Control group: standard bovine 
milk-based nutrient fortifier
of the particular NICU.





Γιατί εξατομικευμένη ενίσχυση;
• Variations in calorie and protein

Διαφορές μητέρων, ανάλογα με ώρα ημέρας, γαλουχίας και κλάσμα γάλακτος 
(πρόσθιο έναντι οπίσθιου γάλακτος -λίπος).
Decreasing variability of maternal milk’s macronutrients -improving growth 
Efficacy and safety of targeted compared standard fortification in VLBW infants 

• θερμιδική πυκνότητα, μικρότερους όγκους (γαστρική χωρητικότητα) 

Περιορισμός υγρών /περισσότερες θερμίδες (24 και 30 kcal/oz) για αύξηση. 

Morlacchi et al. Is targeted fortification of human breast  milk an optimal nutrition strategy for preterm  infants?                   
An interventional study. J Transl Med (2016) 

Gerhard Fusch, Souvik Mitra, Niels Rochow, Christoph Fusch, Target fortification of breast milk: levels of fat, protein or lactose are 
not related, Acta Pædiatrica, 2015, 104, pp.38–42





individualizedmore protein, grew better



Cochrane Database of Systematic Reviews 2020

Moderate- to low-certainty evidence : individualized (targeted or adjustable) increases 
growth velocity of weight, length, and head circumference compared with standard 
fortification.
Αποδείξεις μέτριας –χαμηλής βεβαιότητας



Συγκρίνοντας τα 3 είδη ενίσχυσης και την 
εξατομικευμένη με την ρυθμιζόμενη  

• Target fortification a little better 
compared to adjusted fortification. 



Macronutrient intake control group (red) and intervention group before and after TFO 
(blue). 
SF represents intake without target fortification, SF + TFO is intake with target fortification. 
Grey shadowed areas show ESPGHAN recommended intakes (SF – standard fortification, 
TFO – target fortification).TFO improves growth of preterm infants



Modifications of OMM fortification -transient effect on early 
plasma IGF-I and ghrelin levels in preterm in a way consistent with 
the previously recognized protein-energy/endocrine balance,
programming effect. Individualized fortification preferred mode of 
feeding.       

Changes in IGF-I and ghrelin predisposing to long-term metabolic 
and cardiovascular disturbances

Ενίσχυση OMM παροδική επίδραση IGF-I και ghrelin συνάδει με 
ισορροπία πρωτεΐνης -ενέργειας/ενδοκρινών, υποδεικνύοντας 
αποτέλεσμα προγραμματισμού. 

Putet, G.et al, (Early Protein and Obesity in Childhood (EPOCH) study). Br. J. Nutr. 2016

Insulin-like growth factor I(IGF I) play 
a role in postnatal growth of preterm, 
have a persisting influence on body 
composition in childhood. 

Pediatric Research Volume 77,  2015

Dietary proteins and IGF I levels in preterm infants



• Protein to human milk for preterm increase short-term growth. 

• Different amounts of protein in multi-component fortifiers, and be designed to determine effects 
on length of hospital stay, safety, long-term growth, body fat, obesity, high blood sugar, body 
composition, cardio-metabolic, and neurodevelopmental outcomes.

Cochrane Database of Systematic Reviews 2018, Issue 6. Art. No.: CD000433

“Early Protein Hypothesis”



Department of Pediatrics, University of Alabama at Birmingham, Birmingham, AL, USA.

Η αυξημένη εντερική πρόσληψη πρωτεΐνης αύξησε τη 
μη λιπώδη μάζα σώματος, το βάρος και το μήκος σε 
εξαιρετικά πρόωρα που έλαβαν εμπλουτισμένο σε 
πρωτεΐνη, ενισχυμένο ανθρώπινο γάλα

Pediatric Research (2022) 91:1231 – 1237



Nutrients 2018, 10, 634; doi:10.3390/nu10050634



Nutrients 2023, 15, 1533.
Ενισχυμένα HM αύξηση βάρους, μήκος και κεφαλής στην έξοδο. 
Χαμηλότερο λίπος και περισσότερη μη λιπώδη μάζα, 
με υψηλότερη πρόσληψης ενέργειας και λίπους, και 
χαμηλότερη αναλογία πρωτεΐνης:ενέργεια.



• More protein -better body 
composition growth

• Quality of weight gain 
promoting fat-free mass. 

• Fat-free mass: indicator of 
growth neurodevelopment 



Take home message

Mother’s own milk 1st - Donor HM alternative- risk of NEC (<34 w)

Benefits short/long term -(NEC, ROP, BPD sepsis,neurocognitive improvement). 

Fortify soon (± 50 mL/kg/d) “Standard Fortification” 

“Individualized Fortification” to optimize nutrient. 
“Adjustable” protein on BUN levels. 
 “Targeted” on analysis composition 

Fortifiers to determine effects on length of hospital stay, safety, long-term growth, body fat, 
obesity, high blood sugar, body composition, cardio-metabolic, and neurodevelopmental 
outcomes.

Recommendations European Society for Pediatric Gastroenterology Hepatology and Nutrition, 
American Academy of Pediatrics, and Milan EMBA/ESPGHAN/AAP Joint Meeting Consensus 
Arslanoglu S, et al (2019) Front. Pediatr



Related trials

Targeted individualized versus standardized preterm human milk fortification-a randomized control trial 

A Ahuja, D Sikriwal, R Mallaiah

Journal of pediatric gastroenterology and nutrition, 2022, 74(2), 916‐ | added to CENTRAL: 31 August 2022 | 2022 Issue 8 Embase 

Does earlier enrichment of human breast milk with nutrients leads to earlier weight gain in premature babies CTRI/2020/07/026744 
https://trialsearch.who.int/Trial2.aspx?TrialID=CTRI/2020/07/026744, 2020 | added to CENTRAL: 30 November 2020 | 2020 Issue 11 

Early Routine vs. Selective Human Milk Fortification in Extremely Preterm Infants NCT04284280

https://clinicaltrials.gov/show/NCT04284280, 2020 | added to CENTRAL: 31 March 2020 | 2020 Issue 03 

A clinical trial to study the effects of adjusted fortification versus standard fortification of human milk in very low birth weight 
neonates  CTRI/2018/03/012462

https://trialsearch.who.int/Trial2.aspx?TrialID=CTRI/2018/03/012462, 2018 | added to CENTRAL: 31 March 2019 | 2019 Issue 3 

Targeted vs Standard Fortification of Breast Milk NCT03775785

https://clinicaltrials.gov/show/NCT03775785, 2018 | added to CENTRAL: 30 April 2019 | 2019 Issue 04 

Comparison of Mothers milk with formula against Mothers milk with fortifier for growth of the baby CTRI/2021/10/037446

https://trialsearch.who.int/Trial2.aspx?TrialID=CTRI/2021/10/037446, 2021 | added to CENTRAL: 31 December 2021 | 2021 Issue 12 

Σας ευχαριστώ

https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02427143/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02185414/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02088507/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01901548/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01901548/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-01918641/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02350186/full
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