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Abstract

Recent evidence-based data motivated this update of the Portuguese Neonatal Society guidelines for the enteral nutrition of
infants born preterm. The purpose of this document is to support the clinical practice and was mainly oriented by the updated
European Society for Pediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) 2022 position paper, the World Health
Organization recommendations 2022, and other reference articles, particularly systematic reviews. These guidelines are publi-
shed in two parts. Part | addresses the nutrient requirements and the enteral feeding approach during the hospital stay,
including optimization of the mother’s own milk feeding and methods for enteral feeding. Part Il is directed to particularities of
enteral feeding in specific clinical conditions, and feeding after discharge, including breastmilk fortification at home and intro-
duction of complementary feeding.
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Recomendacées para a nutricdo entérica na crianca nascida pré-termo: atualizacdao em
2023 da Sociedade Portuguesa de Neonatologia. Parte I. Necessidades nutricionais e
nutricado entérica durante o internamento

Resumo

Dados recentes baseados na evidéncia motivaram esta atualizagao das recomendacdes da Sociedade Portuguesa de Neonato-
logia para a nutrigéo entérica de criangas nascidos pré-termo. O objetivo deste documento é apoiar a pratica clinica e ¢ orientado
principalmente pela atualizagdo da posi¢do da European Society for Paediatric Gastroenterology Hepatology and Nutrition (ESP-
GHAN) de 2022, das recomendacdes da Organizacdo Mundial de Saude de 2022 e outros artigos de referéncia, sobretudo
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revisoes sistematicas. Estas recomendagdes sdo publicadas em duas partes. A Parte |, aborda as necessidades nutricionais e a
abordagem da nutricdo entérica durante o internamento, nomeadamente a otimizagdo do leite da propria mée e os métodos para
administrar a nutricdo entérica. A Parte ll, foca-se nas particularidades da nutricdo entérica em situagdes clinicas especiais e na
alimentacéo apds a alta, incluindo a fortificag@o do leite materno no domicilio e a introdugédo e da diversificag@o alimentar.

Palavras-chave: Nutricao entérica. Formula lactea. Fortificacao do leite humano. Necessidades nutricionais. Recém-nascido pré-termo.

Introduction

The first guideline (formerly known as “Consensus”) of
the Portuguese Neonatal Society for neonatal enteral
nutrition was published in 2004'. In 2014, that guideline
was updated specifically for infants born preterm? and
was mainly oriented by the European Society for Pediatric
Gastroenterology Hepatology and Nutrition (ESPGHAN)
2010 position paper®. Meanwhile, new evidence-based
data was published, motivating this further review, ori-
ented by the updated ESPGHAN 2022 position paper,
the WHO recommendations 2022, recent recommenda-
tions from other scientific bodies®”, and relevant refer-
ence articles, particularly systematic reviews.

This guideline is divided into two parts: 1) nutritional
requirements of preterm infants; enteral nutrition aspects
during hospital stay, including when and how to initiate
enteral feeding, how to advance, modes of feeding,
methods of human milk (HM) fortification, preterm for-
mulas, and nutrition in particular conditions; and Il) feed-
ing after discharge, including breastfeeding, formula
feeding, and introduction of complementary feeding.

Specific recommendations of the Portuguese
Neonatal Society have been published on enteral sup-
plementation of multivitamins and trace elements for
newborn infants® and growth charts to assess growth in
preterm infants®, therefore these topics are not
addressed in this guideline.

Recommendations are graded according to levels of
evidence - LOE (in descending order 1-4) and grades of
recommendation - GOR (A - strong recommendation,
B - recommended, C - conditional recommendation, and
GPP - good practice points/expert consensus) “. The LOE
1 and 2 are further sub-classified as 1++, 1+, 1-, 2++, 24,
and 2-, depending on the quality of the studies®.

To support the practical routine, Tables 1 to 3 for
rapid consultation of main aspects of preterm enteral
feeding are provided at the end.

Gastrointestinal immaturity

According to gestational age, preterm infants are
classified as extremely preterm (< 28 weeks), very
preterm (28-31 weeks), and moderate or late preterm
(82-36 weeks)'™.

The less mature the infant, the less the production of
gut digestive enzymes and growth factors, and the more
immature the enteric autonomic nervous system'’
Consequently, in less mature infants feeding difficulties
are expected, that include longer time to improve gas-
trointestinal motility, delay in gastric emptying and even
reverse peristalsis, abdominal distension, and bacterial
overgrowth''. Additionally, in more immature infants, the
gastrointestinal barrier is impaired during the first post-
natal weeks, associated with less milk-degrading
microbes and more bacterial oxidative stress proteins'?.
These factors combined with reduced mucus thickness,
lower intestinal alkaline phosphatase secreted by entero-
cytes, and diminished secretion of lysozymes by Paneth
cells, increase the risk of inflammation, dysbiosis, and
development of necrotizing enterocolitis (NEC)'®.

On the other hand, the premature infant intestine seems
to respond to postnatal exposure to nutrients, promoting
absorption, intestinal motor response, and secretion of
gastrointestinal hormones and peptides'"'*.

Recommended enteral nutrient intakes

The recommended enteral intakes herein stated primar-
ily concern stable fully enterally fed preterm infants. The
recommended enteral intakes for fluid, macronutrients,
mineral, and electrolyte intake are summarized in Table 1,
for trace elements, water-soluble vitamins, and fat-soluble
vitamins intake in Table 2, and for enteral nutrition approach
and procedures during the hospital stay in Table 3.

Fluid

Fluid intake of 150-180 mL/kg/day is recommended
in stable infants (GOR B)*.

In infants fed non-fortified MOM, enteral fluid intakes
of up to 200 mL/kg/d may be safe (GOR GPP)*'.

Fluid intake as low as 135 mL/kg/day seems suffi-
cient to maintain body homeostasis and safe to avoid
renal compromise®.

In infants with bronchopulmonary dysplasia (BPD) or
with significant patent ductus arteriosus (PDA), fluid
restriction is usually necessary, preferably around
135 mil/kg/day (GOR GPP), but it can be increased to
150 ml/kg/day if tolerated'®"”.
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Table 1. Recommended intakes of fluid, macronutrients, minerals, and electrolytes in stable full enterally fed preterm

infants, after the first postnatal week*

Fluids (mL) Stable infants

BPD and PDA
Non-fortified MOM
Energy (kcal) Stable infants
BPD

Suboptimal growth
Protein (g) Very preterm infants
Suboptimal growth
PER (g/100 kcal)

Fat (g) With sufficient ARA

ARA (mg)

DHA (mg)
Carbohydrate (g)
Ca (mg)

P (mg)

Ca: p ratio (mg: mg)
Mg (meq) Fed fortified HM or preterm formula
Na (mEq)

Cl (mEq)

K (mEq)

150-180
135-150 GPP
Up to 200 GPP
115-140 A
120-150 GPP
140-160
3.5-4.0
Up to 4.5
2.8-3.6

4.8-8.1
30-100
30-65

11-15
120-200
70-115

<18

o o O O W PWmWm W > > W

0.4-0.5
3.0-8.0 GPP
3.0-8.0 c

2.3-4.6 B

Grade of recommendation (GOR), in descending order: A - strong recommendation, B - recommended, C - conditional recommendation, and GPP - good practice points®.
BPD: bronchopulmonary dysplasia; HM: human milk; PDA: patent ductus arteriosus; PER: protein-to-energy ratio.

Energy

A total energy intake of 115-140 kcal/kg/day is rec-
ommended in most stable infants (GOR A).

In infants with BPD'® and/or suboptimal growth, more
than 140 kcal/kg/day may be necessary, provided it
does not exceed 160 kcal/kg/day and guarantees the
recommended protein-to-energy ratio (PER) (GOR B)*
stated below.

Protein and protein-to-energy ratio

In very preterm infants, protein intake of 3.5-4.0 g/kg/day
(GOR A) and a PER of 2.8-3.6 g/100 kcal are recom-
mended (GOR B)“.

In exclusively enterally fed infants, reduction of pro-
tein intake should be considered if serum urea exceeds
34 mg/dL (BUN > 16 mg/dL), in the absence of fluid or
renal derangements®.

In infants with suboptimal growth, protein intake may
be increased to 4.5 g/kg/day (GOR A) provided serum
urea is < 34 mg/dL (blood urea nitrogen - BUN < 16 mg/dL)
and that other causes justifying poor growth have been
excluded (GOR C)*.

Fat

Total fat intake of 4.8-8.1 g/kg/day is recommended
(GOR B)*.

Medium chain triglycerides should be < 40% of total
fat intake (GOR B)*.

Fatty acids intake should be in the range of linoleic
acid (LA) 385-1540 mg/kg/day, o-linolenic acid
(ALA) > 55 mg/kg/d, LA: ALA ratio (in mass) 5-15:1
(GOR B), arachidonic acid 30-100 mg/kg/day (GOR B),
docosahexaenoic acid 30-65 mg/kg/day (GOR A), and
eicosapentaenoic acid < 20 mg/kg/d (GPP)*.
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Tahle 2. Recommended intakes of trace elements, water-soluble vitamins, and fat-soluble vitamins in stable full
enterally fed preterm infants, after the first postnatal week*

Trace elements

Iron (mg) From 2 weeks, in very preterm infants 2.0-3.0 A
During erythropoietin treatment Up to 6.0 B
Zinc (mg) 2.0-3.0 GPP
Cooper (ug) 120-230 GPP
lodine (ug) 11-55 GPP
Selenium (ug) 7-10 GPP
Manganese (ug) 1-15 GPP
Chromium (ug) 0.03-2.25 GPP
Molybdenum (ug) 0.3-5 GPP
Water soluble vitamins
Thiamine (B,) (ug) 140-290 GPP
Riboflavin (B,) (ug) 200-430 GPP
Niacin (B,) (mg) 1.1-5.7 GPP
Pantothenic acid (B,) (mg) 0.6-2.2 GPP
Pyridoxine (Bg) (ug) 70-290 GPP
Biotin (B,) (ug) 3.5-15 GPP
Ascorbic acid (C) (mg) 17-43 GPP
Cobalamin (B,,) (ug) 0.1-0.6 GPP
Fat soluble vitamins
Vitamin A (retinol) (IU) 1333-3300 B
Vitamin D (calciferol) (IU) 400-700, maximum 1000 B
Vitamin E (tocopherol) (mg) 2.2-11 B
Vitamin K (phytomenadione) (ug) 4.4-28 B

Grade of recommendation (GOR), in descending order: A - strong recommendation, B - recommended, C - conditional recommendation, and GPP - good practice points®.
HM: human milk; BPD: bronchopulmonary dysplasia; PER: protein-to-energy ratio; PDA: patent ductus arteriosus.

Table 3. Enteral nutrition approach and procedures during the hospital stay*

N L S 1Y

Early colostrum administration Administer mother’s own colostrum within the first 48 postnatal hours, in the mouth

or in the oropharynx

Type of feeds 1%t choice: fortified MOM, preferably fresh MOM, or previously frozen MOM A

2" choice: fortified DHM B
3" choice: preterm formula, if MOM and DHM are not available

Nasogastric vs. orogastric tube feeding  No evidence exists to prefer any mode of feeding and local preferences are allowed
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Starting volume of feeds
Advancing volume of feeds
Bolus vs. continuous feeding
Pacifier use

Oral feeding

Gastric residuals

Human milk fortification

Start with 12-24 ml/kg/day, preferably using MOM or DHM B

Advance 18-30 mL/kg/day in stable preterm infants, especially if MOM is used
Any method can be used, with bolus feeding slightly superior to continuous feeding
Non-nutritive sucking a pacifier during tube feeding may have benefits

Oral feeding may be started from 32 weeks PMA, depending on the competence and
stability of the infant

Routine monitoring of gastric residuals is not recommended in clinically stable
infants

Start fortification using a multi-nutrient fortifier when HM intake reaches
40-100 mL/kg/d

Either adjustable or targeted fortification, may be appropriate in alternative to
standard fortification

GPP

Grade of recommendation (GOR), in descending order: A - strong recommendation, B - recommended, C - conditional recommendation, and GPP - good practice points®.
DHM: donor human milk; HM: human milk; MOM: mother’s own milk; PMA: post-menstrual age.
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Carbohydrates

Carbohydrate intake of 11-15 g/kg/day is recom-
mended (GOR B)*.

Higher carbohydrate intake may be considered for
a short period of time to facilitate catch-up growth
(GOR GPP)“.

Minerals

Mineral intakes should be: calcium 120-
200 mg/kg/day (3.0-5.0 mmol/kg/day), phosphorus
70-115 mg/kg/day (2.2-3.7 mmol/kg/day), Ca: p ratio
< 1.8 (in mass) or < 1.4 (molar), and magnesium 9.0-
12.5 mg/kg/day (0.12-0.21 mmol/kg/day or 0.4-0.5
mEq/kg/day) (GOR C)*.

Infants fed preterm formula may require higher min-
eral intakes than those fed HM (GOR GPP)*.

Electrolytes

Sodium. An intake of 3-8 mEqg/kg/day (3-8
mmol/kg/day) is recommended (GOR GPP)*. The upper
limit of sodium intake should be considered in infants
receiving upper limit of energy and protein intakes or
with important sodium loss*. Sodium supplements
added to milk or formula should be divided among feeds
administered over 24 hours (GOR C)*.

Potassium. An intake of 2.3-4.6 mEg/kg/day (2.3-
4.6 mmol/kg/day) is recommended (GOR B)“. In exclu-
sively enterally fed preterminfants, potassium requirements
are linearly associated to protein retention (LOE 3), there-
fore the upper limit of potassium intake should be consid-
ered in growing infants receiving upper limits of energy
and protein intakes (GOR B)*.

Chloride. An intake of 3-8 mEq/kg/day (3-8 mmol/kg/day)
is recommended (GOR C)*. Chloride intake should be
slightly lower than the sum of sodium and potassium
intakes to avoid metabolic acidosis (GOR B)*. When
oral salt supplementation is necessary, high intakes of
sodium or potassium should be accompanied by high
chloride intake (LOE 2++)%.

Trace elements

Iron. In very low birth weight (VLBW) infants, iron
intake of 2-3 mg/kg/day is recommended, starting at 2
postnatal weeks (GOR A)*. In these infants, regular
measurements of serum ferritin are recommended
during the hospital stay (LOE 1-) (GPP)*. Iron intakes
of 3-4 mg/kg/day, up to the maximum of 6 mg/kg/day,
may be needed over a limited period in infants treated

with erythropoietin (GOR B) or if serum ferritin is
< 35-70 ug/L (GOR GPP)*. If ferritin is > 300 ug/L, dis-
continuation of iron supplementation should be consid-
ered (GOR GPP)*. Prolonged iron intake > 3 mg/kg/day
should be avoided (GOR B) as iron is a reactive pro-ox-
idant and an important substrate for pathogens
(LOE 1-)%.

Zinc. Anintake of 2.0-3.0 mg/kg/day is recommended
(GPP)*. Measurement of serum zinc should be consid-
ered in infants with dermatitis or poor growth and low
alkaline phosphatase levels, especially if associated
with excessive gastrointestinal fluid losses (GPP)*.

Cooper. An intake of 120-230 ug/kg/day is recom-
mended (GPP)*.

lodine. An intake of 11-55 ug/kg/day is recommended
(GPP)“.

Selenium. An intake of 7-10 ug/kg/day is recom-
mended (GPP)“.

Manganese. An intake of 1-15 pg/kg/day is recom-
mended (GPP)*.

Chromium. An intake of 0.03-2.25 ug/kg/day is rec-
ommended (GPP)*.

Molybdenum. An intake of 0.3-5 pg/kg/day is recom-
mended (GPP)*.

Water soluble vitamins

Thiamine (B,). An intake of 140-290 ug/kg/day is
recommended (GPP)“.

Pantothenic acid (B,). An intake of 0.6-2.2 mg/kg/day
is recommended (GPP)“.

Biotin (B,). An intake of 3.5-15 ug/kg/day is recom-
mended (GPP)“.

Niacin (B,). An intake of 1.1-5.7 mg/kg/day is recom-
mended (GPP)*.

Ascorbic acid (C). An intake of 17-43 mg/kg/day is
recommended (GPP)*.

Riboflavin (B,). An intake of 200-430 ug/kg/day is
recommended (GPP)“.

Pyridoxine (Bg). An intake of 70-290 ug/kg/day is
recommended (GPP)*.

Folate. An intake of: 23-100 ug/kg/day is recom-
mended (GPP)“.

Cobalamin (B,,). An intake of 0.1-0.6 ug/kg/day is
recommended (GPP)*.

Fat soluble vitamins

Vitamin A (retinol, retinoic acid). An intake of 1333-
3300 IU/kg/day is recommended (400-1000 ug retinol
ester/kg/day) (GOR B)*.
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Vitamin D (calciferol). An intake of 400-700 IU/kg/day
up to the maximum of 1000 1U/kg/day is recommended
(GOR B)*.

Vitamin E (tocopherol). An intake of 2.2-11 mg/kg/day
is recommended (GOR B)“.

Vitamin K (phytomenadione). An intake of 4.4-
28 ug/kg/day, is recommended (GOR B)“.

Types of feeds

Mother’s own milk

A systematic review and meta-analysis of energy and
macronutrient content of preterm MOM, at various lac-
tation periods, found that protein content is reduced by
half within 10-12 weeks of lactation and fat content
increases over time'®,

The MOM contains non-nutritional factors, including
oligosaccharides, hormones, growth factors, enzymes,
immunoglobulins, antioxidants, cytokines, cellular com-
ponents, and beneficial microbes, providing relevant
biologic benefits*920, Several bioactive factors are
higher in preterm breastmilk compared to full-term
breastmilk'®.

In a follow-up study, it was found that breastfeeding
is shorter than recommended in Portuguese very
preterm infants enrolled in the EPICE cohort, a research
group in which Portugal is included?®'. This study also
included a systematic review concluding that this prob-
lem is common globally?'.

The World Health Organization®, the Baby-Friendly
Hospitals Initiative® and data of very preterm infants
from the EPICE Research Group®??* have pointed out
critical steps for the success of exclusive breastfeed-
ing, and the following deserving emphasis:

- Institution-based multidisciplinary interventions to
promote HM feeding should include educational and
breastfeeding support programs®2'24;

- A written breastfeeding policy should be routinely
communicated to all healthcare staff’;

— The training and acquisition of specific knowledge
and skills by the healthcare staff are essential for
intervention on the mothers, concerning lactation,
breastmilk extraction, and breastfeeding support®2°;

- Receiving MOM as first enteral feed is of crucial
importance®?’;

- Promoting parental presence and their involvement
in care increases the likelihood of successful breast-
feeding at discharge®;

- In sufficiently stable preterm infants, early, continu-
ous, and prolonged skin-to-skin contact (kangaroo
parent care) should be encouraged®2%24;

- Units using donor human milk (DHM) have higher
rates of exclusive breastfeeding at discharge®?.

To maximize milk supply, mothers should begin to
express breastmilk within 3-6 hours? following delivery
(LOE 2-), or even earlier®. Initially, expressing breast-
milk 8-12 times per day is desirable?’. Afterwards, at
least 5 daily pumping sessions is suggested to support
mothers of hospitalized preterm infants?®. Electric pump
is preferred, since this method can mimic the biphasic
infant suckling, increasing prolactin and oxytocin and
milk production, compared to manual expression®%?7,
Double electric pump is reported to produce larger vol-
umes of milk than single electric pump?®.

Despite potential adverse consequences of postnatally
acquired citomegalovirus in more immature infants, there
is insufficient evidence to recommend routine pasteuriza-
tion of MOM from citomegalovirus positive women (GOR
B), as pasteurization inactivates or destroys several com-
ponents, such as growth hormones, digestive enzymes,
and immunological and bioactive factors (LOE 1++)*.

In brief, fresh mother's own milk (MOM) is recom-
mended as the first choice to feed preterm
infants, provided it is fortified as recommended
(GOR A)*72029_If fresh MOM is not available, previously
frozen milk in the same sequence in which it was
expressed should be used?. Starting to express breast-
milk 3-6 hours following delivery with an electric pump
maximize the milk supply (GPP). There is insufficient
evidence to recommend routine pasteurization of MOM
from citomegalovirus positive women (GOR B).

Donor human milk

DHM is usually expressed from women who delivered
term born infants a few months before; it has lower
macronutrient and bioactive factor contents compared
to milk expressed at earlier stages (Embleton 2023). In
particular, at 4 weeks of lactation the protein content in
single or multiple DHM pools is lower than that of MOM
(de Halleux 2013). Holder-pasteurization eliminates cito-
megalovirus but inactivates or destroys several afore-
mentioned components (LOE 1++)*.

It is recommended that when MOM is not available,
the second choice for preterm infants is fortified DHM,
conditionally recommended over preterm formulae
(GOR B)*2°.

Preterm formula

Preterm formulae are intended to be used in growing
preterm infants during the hospital stay, providing
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nutrient intake that match their high requirements. These
formulae have higher energy, macronutrients, minerals,
vitamins, and trace elements compared with term infant
formulas, and include: energy 80-82 kcal/100 mL, pro-
tein 24 g/100 mL (3 g¢/100 kcal), carbohydrates
8.6 ¢/100 mL, fat 4.3 ¢g/100 mL, calcium 133-
146 mg/100 mL (165-180 mg/100 kcal), and phosphorus
67-81 mg/100 mL (83-100 mg/100 kcal)®®:3',

While in hospital, it is preferable to use preterm for-
mulae in liquid form than in powder as ready-to-use
liquid form reduces the risks related to errors in for-
mula reconstitution and bacterial contamination,
considering that industrial milk formulas are not
sterile®.

It is recommended that when MOM and DHM are not
available, preterm formula should be preferred
(GOR A)*29, particularly in infants < 32 weeks of ges-
tation (GOR C)°.

Hydrolyzed protein formula

Hydrolyzed protein formulae may accelerate gastro-
intestinal transit and enteral feeding advancement, but
there is no evidence to support that their use improves
long-term outcome (LOE 1+)*.

Hydrolyzed protein formulae may be used for early
feeding in preterm infants when HM is not available
(GOR B)*.

Post-discharge formula

Post-discharge formulae have a nutrient content
ranging between preterm formulae and term infant for-
mulae, including energy 71-74 kcal/100 mL, protein
1.8-1.9 ¢g/100 mL, and average of carbohydrates
7.6 g/100 mL, fat 4.0 g/100 mL, calcium 80 mg/100 mL,
and phosphorus 50 mg/100 mL308"33,

It is recommended that post-discharge formulae are
used after discharge in infants born < 33 weeks
gestation, when HM is insufficient or not available
(GOR B)*“.

Enteral nutrition during the hospital stay

Recommendations for enteral nutrition in stable
preterm infants, during hospital stay, are described
below and summarized in Table 3.

A main reason for the heterogeneity in enteral nutri-
tion practices in preterm infants is the fear of NEC
related to the intestinal immaturity'". Enteral nutrition in
preterm infants improves if the approach is standard-
ized based on current evidence, namely when and how

to start, how to administer (continuously or intermit-
tently), what to administer (MOM, donor human milk —
DHM or formula), how to progress (volume) and when
to interrupt or reduce (GOR B)“.

Oralloropharyngeal colostrum administration

Evidence exists that mother's own colostrum has
immunomodulatory effects on the preterm infants,
including the increased absorption of slgA and lacto-
ferrin®, although related clinical advantages need eval-
uation and evidence. Systematic reviews and
meta-analyses®®®” assessed the effect of oral or oro-
pharyngeal colostrum administration within the first
postnatal hours or days in preventing mortality and
morbidity in preterm infants. It was concluded that no
adverse effects were associated with this procedure
that seemed to shorten the time to achieve full enteral
feeds, however without clear advantages in reducing
the risk of late-onset infection, NEC, pneumonia,
chronic lung disease, retinopathy of prematurity, or
death before discharge (LOE 1-)*36:%7,

Early colostrum administration, usually within the first
48 postnatal hours, is done either by repeated instilla-
tion inside the cheeks using oral syringe or gentle appli-
cation over the tongue, around the gums, and along the
lips using a swab or sponge soaked with 0.1 to 0.5 mL
of colostrum, or by oropharyngeal administration of
mother’s own fresh or frozen/thawed colostrum, irre-
spective of when enteral feeding is initiated®®.

In brief, oral or oropharyngeal administration of moth-
er's own colostrum administered within the first 48 post-
natal hours is safe and may be beneficial to very
preterm infants*. However, there are no current data to
support the recommendation of routine use of this
procedure®.

Nasogastric versus orogastric tube feeding

Nasogastric tubes increase nasal airway resis-
tance and may lead to higher total airway resistance,
while orogastric tubes may provoke vagal stimulation
and bradycardia due to tube movements in the
hypo-pharynx*.

No evidence exists to prefer using either nasogastric
or orogastric feeding tubes (LOE 2), so local prefer-
ences are allowed*.

Starting volume of feeds

In a recent national multi-center cohort study in very
preterm infants®, investigating the optimal time point after
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birth at which enteral nutrition could be started, it was con-
cluded that enteral feeding should be initiated preferably
within 24 postnatal hours since it may promote feeding
tolerance, shorten the time to reach total enteral feeding,
and reduce the incidence of growth restriction and late-on-
set sepsis, without increasing the risk of NEC (LOE 3).

Studies conducted more than 20 years ago in very
preterm infants have reported advantages on initiating
feeding using ‘minimal enteral feeding’ (MEF) or ‘trophic
feeding, defined as nutritional insignificant small vol-
umes of feeds (typically 12-24 ml/kg/day) without
advancement for 3-7 days (LOE 1+)*. However, there is
no current evidence of a beneficial effect of maintaining
for any period the MEF volume intake compared to
advancing feeds immediately after birth (LOE 1+)*.

It is recommended that in most preterm infants,
enteral feeding should be initiated within the first 24
postnatal hours, with 12-24 mi/kg/day, preferably using
MOM or DHM, and advanced as soon as the infant
tolerates it (GOR B)*®.

Advancing volume of feeds

After 4 postnatal days, feeding advancement of
30 mL/kg/day does not significantly increase the inci-
dence of NEC or mortality compared to slower
15-20 mL/kg/day advancement that was formerly used
(LOE 1+)%3940,

It is recommended that in stable preterm infants,
feeding should be advanced by 18-30 mL/kg/day, espe-
cially if MOM is used (GOR A)*2.

Bolus versus continuous feeding

Bolus feeding, promoting the cyclical release of gas-
trointestinal tract hormones that stimulate gut matura-
tion and motility, is assumed to be is more physiological®.
However, it should be kept in mind that bolus feeding,
in comparison with continuous feeding, may increase
splanchnic perfusion and energy expenditure, poten-
tially compromising growth**!.

A meta-analysis of randomized controlled trials com-
paring continuous feeding with intermittent bolus feed-
ing in VLBW infants did not find significant differences
in feeding intolerance, duration of parenteral nutrition,
growth, necrotizing enterocolitis, and duration of hospi-
talization*?. Nevertheless, using continuous feeding, the
time to achieving full feeds was longer (LOE 2+)*%2, On
the other hand, continuous feeding has the inconve-
nience of greater fat adherence to the inner wall of the
tube compared to bolus feeding*® with risk of losing
energy and fat content®.

In VLBW infants, systematic reviews and meta-anal-
yses concluded that while using intermittent feeding,
3-hourly versus 2-hourly feeding intervals are compa-
rable, although extremely low-birth-weight (ELBW)
infants (birth weight < 1000 g) may reach full enteral
feeds earlier when fed twice-hourly*44°.

In brief, in VLBW infants, continuous and intermittent
bolus feeding seem comparable, as are comparable
3-hourly or 2-hourly feeding intervals in intermittent
feeding (LOE 3)*?°, In infants < 1000 g, a 2-hourly
interval may be preferable (LOE 3)*4“5,

Pacifier use

The Baby-Friendly Hospitals Initiative considers that,
in preterm infants, pacifiers are appropriate during tube
feeding, and nipple shields can be used to facilitate
establishment of breastfeeding, under qualified support
and attempts at the breast®. Non-nutritive sucking using
a pacifier during tube feeding was reported to mature
and maintain the sucking reflex, improve digestion, pro-
vide comfort, and promote neurobehavioral organization
(LOE 3)*46. Additionally, systematic reviews concluded
that pacifier use in preterm infants helps transition from
tube to oral feeding, breastfeeding, faster weight gain,
and earlier discharge from the neonatal unit, although
the relationship between pacifiers and breastfeeding is
more complicated as it appears to be influenced by
additional risk factors (LOE 3, GOR C)*"“8,

In brief, non-nutritive sucking using a pacifier, during
tube feeding, may have benefits (LOE 3)*.

Oral feeding

Infant oral feeding performance is the result of the
infant skills to coordinate sucking, swallowing, breath-
ing, and esophageal transport of feeds*.

In relation to bottle feeding, cup feeding seems to be
a good alternative as avoidance of bottle feeding may
increase breastfeeding, not only at discharge but also
up to six months post discharge (LOE 2-)*°.

The finger-feeding method may be effective for
increasing sucking abilities and accelerating transition
to breastfeeding (LOE 2)°°°'. According to this method,
the tip of a feeding tube is cut and fixed with adhesive
tape to the inner side of the gloved small finger of the
caregiver. The other end of the tube is connected to a
syringe without the plunger, containing MOM or DHM.
The milk slides through the tube as the sucking pattern
is adjusted by the infant and not by gravity, at which
point the pulp of the small finger faces the hard palate
and the infant will begin sucking®®5'.
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Establishing oral feeding may be more challenging in
infants with BPD in whom micro-aspirations may com-
promise respiratory capacity further.

In brief, oral feeding should be initiated from 32 weeks
PMA, provided stability and competences of the infant
are considered (GPP)*.

Human milk fortification

Although under certain circumstances very few
preterm infants may receive the required nutrient intake
from native breast milk alone®?, in the majority the
nutritional content of HM should be adapted to the high
requirements for their growth®. In this regard, supple-
mentation of HM with multi-nutrient fortifiers may pre-
vent nutritional deficits, while taking advantage of HM
biological properties (LOE 2+)*.

While fortifying HM, it should be kept in mind that
energy and macronutrient content may vary greatly
either in MOM, according to the lactation time'®, or in
DHM, depending on being single or multiple pools®?.
DHM may require higher levels of fortification than
MOM (LOE 2+)%.

Bovine-based multi-nutrient fortifiers are commonly
used, but more recently HM-based multi-nutrient forti-
fiers were developed. The HM-based fortifiers may
reduce the risk of NEC compared with bovine-based
fortifiers, but there are insufficient reliable data to deter-
mine the optimal strategy (LOE 2+)*.

Addition of multi-nutrient fortifier to HM increases the
osmolality of feeds, 70% occurring just after the fortifier
addition and a further rise due to hydrolysis of carbo-
hydrates by amylase activity of HM®*%*, To avoid this
additional increase in osmolality, the addition of the
fortifier just before feeding has been proposed (GPP)%°,
although this strategy may be laborious and time
consuming.

In some neonatal units, half-strength fortification (or
even lower strength) is used at the beginning and sub-
sequently increased to full-strength fortification accord-
ing to infant’s tolerance, despite no strong evidence
existing to support this practice’%>%,

To summarize, fortification of HM using multi-nutrient
fortifier is recommended (GOR A) in preterm infants?,
particularly in those born at < 32 weeks®® or even in
those weighing < 1800 ¢'.

WHEN TO START FORTIFICATION

The optimal time to start fortification is not deter-
mined yet. Nevertheless, early fortification seems to be
as safe as delayed fortification, reducing cumulative

nutrient deficiencies and being beneficial for the bone
metabolism (LOE 2+)%.

Initiation of HM fortification is recommended when
HM intake reaches 40-100 mL/kg/d (GOR C)*.

METHODS OF FORTIFICATION

Standard fortification

The standard fortification, using powder or liquid
multi-nutrient fortifiers for HM, is the commonest
method currently used in most of the neonatal units®".
In standard fortification, a fixed amount of fortifier is
added to HM, according to the manufacturer's
recommendations’.

This method overlooks the great variability of the
nutritional composition of HM, increasing the risks of
energy-protein malnutrition, which include extrauterine
growth restriction, poor neurodevelopment, and meta-
bolic bone disease’.

Addition of a multi-nutrient fortifier to HM is recom-
mended to support growth in preterm infants (GOR A).
In standard fortification, the fixed amount of fortifier
indicated by the manufacturer should be added to HM.

Individualized fortification

In individualized fortification, to compensate for the vari-
ation in macronutrient content of HM, not accounted in
standard fortification, modular macronutrient supplements
are added to fortified HM. These modular supplements
include hydrolyzed protein, fat in the form of medium-chain
triglycerides, and carbohydrate in the form of glucose poly-
mers”58, It should be kept in mind that addition to fortified
HM of extra protein and glucose polymers increases the
HM osmolarity®>¢°. Thawing increases osmolarity after
fortification when compared with fresh milk®°.

Two alternative methods of individualized fortification
are proposed: adjustable fortification and target
fortification’.

Adjustable fortification. The protein content of some
HM multi-component fortifiers may be insufficient to
increase protein concentrations in HM to recommended
intake levels (LOE 2)*. Using the adjusted fortification,
protein intake is adjusted to the infant’'s metabolic
response, using blood urea nitrogen (BUN) as a surro-
gate for protein adequacy. To be adequate, serum BUN
levels should vary between 10-16 mg/dL (blood urea
21.40-34.24 mg/dL)’. The adjustable fortification method
usually is initiated with standard fortification, and as
soon as full-strength fortification is tolerated, BUN is
regularly assessed. BUN levels < 10 mg/dL indicate that
extra protein should be added in the form of modular
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protein, and BUN levels > 16 mg/dL indicate that the
amount of fortification should be reduced’.

Target fortification. Using this method, regular mea-
surements of energy and macronutrient content of HM
is performed, guiding the possible addition of modular
supplements of protein, fat, and carbohydrates to forti-
fied HM to reach the desirable nutrient targets in each
infant”%86", This method has the inconvenience of
requiring an expensive HM analyzer and being time-con-
suming and labor-intensive’.

To summarize, individualized fortification may be ade-
quate in alternative to standard fortification (GOR A)*. In
adjustable fortification, standard fortification is started, and
extra modular protein is added to fortified HM if BUN is
<10 mg/dL". In targeted fortification, modular protein, medi-
um-chain triglycerides, and/or glucose polymers are added
to fortified MOM, guided by HM macronutrient content
measurements, to reach the desirable nutrient targets”®.

Gastric residuals

Gastric residuals (GR) are commonly used to define
feeding tolerance. The type of enteral feed and posi-
tioning of the infant have an impact on gastric empty-
ing. Gastric emptying is almost twice as fast with
breastmilk than with formula®. On the other hand, the
prone position in the first half hour after feeding may
promote a faster gastric emptying (LOE 2+).

Criteria based on volume percentage of the previ-
ously administered feed, checked in gastric aspirates,
were previously used to consider a GR as signifi-
cant*62, However, no data regarding the volume and/or
color of GR are sufficiently reliable to indicate feeding
intolerance or to predict NEC“.

Routine monitoring of GR is reported to increase the
risk of feed interruption episodes and time to reach full
enteral feeds and does not have an impact on NEC
incidence (LOE 2+)%.

There is no consensus on whether to re-feed or dis-
card the gastric aspirate®.

In brief, routine monitoring of GR is not recommended
in clinically stable infants (GOR B)*. Gastric residuals
should be otherwise assessed when clinical signs of
NEC are present, such as extreme abdominal disten-
sion, tenderness, emesis, bloody stools, apnea, and
temperature instability (GOR B)*.

Acknowledgement

These guidelines were approved by the Board of
the Portuguese Neonatal Society on the 18" of July
2023.

Funding

None.

Conflicts of interest

None.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.

Confidentiality of data. The authors declare that no
patient data appear in this article.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Use of artificial intelligence for generating text. The
authors declare that they have not used any type of gener-
ative artificial intelligence for the writing of this manuscript,
nor for the creation of images, graphics, tables, or their cor-
responding captions.

References

1. Gomes A. Nutricdo entérica do recém-nascido pré-termo. In: Consensos
Nacionais em Neonatologia, ed. Sec¢do de Neonatologia Sociedade
Portuguesa de Pediatria. 2004:109-112.

2. Pereira-da-Silva L, Gomes A, Macedo |, Alexandrino AM, Pissarra S,
Cardoso M. Nutricao entérica na crianga nascida pré-termo: revisao do
consenso nacional. Acta Pediatr Port. 2014;45:326-39.

3. Agostoni C, Buonocore G, Carielli VP, De Curtis M, Darmaun D,
Decsi T et al. Enteral nutrient supply for preterm infants: commentary
from the European Society of Paediatric Gastroenterology, Hepatology
and Nutrition Committee on Nutrition. J Pediatr Gastroenterol Nutr.
2010;50(1):85-91.

4. Embleton ND, Jennifer Moltu S, Lapillonne A, van den Akker CHP,
Carnielli V, Fusch C et al. Enteral nutrition in preterm infants (2022): a
position paper from the ESPGHAN Committee on Nutrition and invited
experts. J Pediatr Gastroenterol Nutr. 2023;76:248-68.

5. Nyqvist KH, Haggkvist AP, Hansen MN, Kylberg E, Frandsen AL,
Maastrup R et al. Expansion of the baby-friendly hospital initiative ten
steps to successful breastfeeding into neonatal intensive care: expert
group recommendations. J Hum Lact. 2013;29:300-9.

6. Picaud JC, Buffin R, Gremmo-Feger G, Rigo J, Putet G, Casper C.
Review concludes that specific recommendations are needed to harmo-
nize the provision of fresh mother's milk to their preterm infants. Acta
Paediatr. 2018;107:1145-55.

7. Arslanoglu S, Boquien CY, King C, Lamireau D, Tonetto P, Barnett D
et al. Fortification of human milk for preterm infants: update and recom-
mendations of the European Milk Bank Association (EMBA) Working
Group on Human Milk Fortification. Front Pediatr. 2019;7:76.

8. Soares E, Pereira-da-Silva L, Cardoso M, Castro M. Vitaminas, minerais
e oligoelementos por via entérica no recém-nascido. Revis&o do consen-
so nacional. Acta Pediatr Port. 2015;46:159-69.

9. Pereira-da-Silva L, Virella D, Frutuoso S, Cunha M, Rocha G, Pissarra
S. Recommendations of charts and reference values for assessing grow-
th of preterm infants: update by the Portuguese Neonatal Society. Port
J Pediatr. 2020;51:73-8.

10. Blencowe H, Cousens S, Oestergaard MZ, Chou D, Moller AB, Narwal
R et al. National, regional, and worldwide estimates of preterm birth
rates in the year 2010 with time trends since 1990 for selected coun-
tries: a systematic analysis and implications. Lancet. 2012;379:
2162-72.

11. Ditzenberger G. Nutritional support for premature infants in the neonatal
intensive care unit. Crit Care Nurs Clin North Am. 2014;26:181-98.

12. Henderickx JGE, Zwittink RD, Renes IB, van Lingen RA, van Zoeren-Gro-
bben D et al. Maturation of the preterm gastrointestinal tract can be
defined by host and microbial markers for digestion and barrier defense.
Sci Rep. 2021;11(1).

13. Demers-Mathieu V. The immature intestinal epithelial cells in preterm
infants play a role in the necrotizing enterocolitis pathogenesis: a review.
Health Sciences Review. 2022;4:100033.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.
27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

L. Pereira-da-Silva et al. Enteral nutrition in perterm infants. Part |

Thoene M, Anderson-berry A. Early enteral feeding in preterm infants: a
narrative review of the nutritional, metabolic, and developmental benefits.
Nutrients. 2021;13(7).

Webbe J, Uthaya S, Modi N. Nutrition for the micro preemie: beyond milk.
Semin Fetal Neonatal Med. 2022;27(3).

Rocha G, Guimaraes H, Pereira-da-silva L. The role of nutrition in the
prevention and management of bronchopulmonary dysplasia: a literature
review and clinical approach. Int J Environ Res Public Health. 2021;18(12).
Karatza AA, Gkentzi D, Varvarigou A. Nutrition of infants with bronchopul-
monary dysplasia before and after discharge from the Neonatal Intensive
Care Unit. Nutrients. 2022;14(16).

Mimouni FB, Lubetzky R, Yochpaz S, Mandel D. preterm human milk
macronutrient and energy composition: a systematic review and me-
ta-analysis. Clin Perinatol. 2017;44:165-72. )
Gila-Diaz A, Arribas SM, Algara A, Martin-Cabrejas MA, Lépez de Pablo AL,
Séenz de Pipadn M et al. A review of bioactive factors in human breast-
milk: A focus on prematurity. Nutrients. 2019;11(6).

World Health Organization. WHO Recommendations for Care of the
Preterm or Low-Birth-Weight Infant. [https://www.who.int/news-room/fact-
sheets/detail/preterm-birth]. Geneva: World Health Organization; 2022.
Rodrigues C, Teixeira R, Fonseca MJ, Zeitlin J, Barros H. Prevalence
and duration of breast milk feeding in very preterm infants: a 3-year fo-
llow-up study and a systematic literature review. Paediatr Perinat Epide-
miol. 2018;32:237-46.

Wilson E, Edstedt Bonamy AK, Bonet M, Toome L, Rodrigues C,
Howell EA et al. Room for improvement in breast milk feeding after very
preterm birth in Europe: Results from the EPICE cohort. Matern Child
Nutr. 2018;14(1).

Cuttini M, Croci |, Toome L, Rodrigues C, Wilson E, Bonet M et al.
Breastfeeding outcomes in European NICUs: impact of parental visiting
policies. Arch Dis Child Fetal Neonatal Ed. 2019;104(2):F151-8.

Song JT, Kinshella MLW, Kawaza K, Goldfarb DM. Neonatal Intensive
Care Unit interventions to improve breastfeeding rates at discharge
among preterm and low birth weight infants: a systematic review and
meta-analysis. Breastfeed Med. 2023;18:97-106.

Parker LA, Sullivan S, Kruger C, Mueller M. Timing of milk expression
following delivery in mothers delivering preterm very low birth weight
infants: a randomized trial. J Perinatol. 2020;40:1236-45.

Hoban R, Bowker RM, Gross ME, Patel AL. Maternal production of milk
for infants in the neonatal intensive care unit. Semin Perinatol. 2021;45(2).
Valverde R, Dinerstein NA, Vain N. mother's own milk and donor milk.
World Rev Nutr Diet. 2021;122:212-24.

Mago-Shah DD, Athavale K, Fisher K, Heyward E, Tanaka D, Cotten CM.
Early pumping frequency and coming to volume for mother's own milk
feeding in hospitalized infants. J Perinatol. 2023;43:629-34.

Dutta S, Singh B, Chessell L, Wilson J, Janes M, McDonald K et al. Gui-
delines for feeding very low birthweight infants. Nutrients. 2015;7:423-42.
Tudehope DI, Page D, Gilroy M. Infant formulas for preterm infants:
In-hospital and post-discharge. J Paediatr Child Health. 2012;48:768-76.
Hay WW, Hendrickson KC. Preterm formula use in the preterm very low
birth weight infant. Semin Fetal Neonatal Med. 2017;22:15-22.

Koletzko B. Formula feeding. World Rev Nutr Diet. 2022;124:139-50.
Morgan JA, Young L, McCormick FM, McGuire W. Promoting growth for
preterm infants following hospital discharge. Arch Dis Child Fetal Neo-
natal Ed. 2012;97(4).

Haiden N. Postdischarge nutrition of preterm infants: breastfeeding, com-
plementary foods, eating behavior and feeding problems. Nestle Nutr Inst
Workshop Ser. 2022;96:34-44.

Maffei D, Brewer M, Codipilly C, Weinberger B, Schanler RJ. Early oral
colostrum administration in preterm infants. J Perinatol. 2020;40:284-7.
Nasuf AWA, Ojha S, Dorling J. Oropharyngeal colostrum in preventing
mortality and morbidity in preterm infants. Cochrane Database Syst Rev.
2018;2018(9).

Ramos MDSX, Martins CDC, Souza ES, Vieira GO, Gomes-Filho IS,
Figueiredo ACMG et al. Oropharyngeal colostrum immunotherapy and
nutrition in preterm newborns: meta-analysis. Rev Saude Publica.
2021;55:59.

Gao L, Shen W, Wu F, Mao J, Liu L, Chang YM et al. Effect of early
initiation of enteral nutrition on short-term clinical outcomes of very pre-
mature infants: a national multicenter cohort study in China. Nutrition.
2023;107: 111912,

Dorling J, Abbott J, Berrington J, Bosiak B, Bowler U, Boyle E et al.
controlled trial of two incremental milk-feeding rates in preterm infants.
N Engl J Med. 2019;381:1434-43.

40

41.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

58.

59.

60.

61.

63.

. Young L, Oddie SJ, McGuire W. Delayed introduction of progressive
enteral feeds to prevent necrotising enterocolitis in very low birth weight
infants. Cochrane Database Syst Rev. 2022; 1(1):CD001970.

Bozzetti V, Paterlini G, Bel F Van, Visser GH, Tosetti L, Gazzolo D et al.

Cerebral and somatic NIRS-determined oxygenation in IUGR preterm

infants during transition. J Matern Fetal Neonatal Med. 2016;29:443-6.

. Wang Y, Zhu W, Luo BR. Continuous feeding versus intermittent bolus

feeding for premature infants with low birth weight: a meta-analysis of

randomized controlled trials. Eur J Clin Nutr. 2020;74:775-83.

Castro M, Asbury M, Shama S, Stone D, Yoon EW, O’Connor DL et al.

Energy and fat intake for preterm infants fed donor milk is significantly

impacted by enteral feeding method. J Parenter Enteral Nutr. 2019;

43:162-5.

Razak A. Two-hourly versus three-hourly feeding in very low-birth-weight

infants: a systematic review and meta-analysis. Am J Perinatol.

2020;37:898-906.

Kumar J, Meena J, Debata P, Sankar MjJ, Kumar P, Shenoi A.

Three-hourly versus two-hourly feeding interval in stable preterm infants:

an updated systematic review and meta-analysis of randomized contro-

lled trials. Eur J Pediatr. 2022;181:2075-86.

Lubbe W, ten Ham-Baloyi W. When is the use of pacifiers justifiable in

the baby-friendly hospital initiative context? A clinician’s guide. BMC

Pregnancy Childbirth. 2017;17:130.

Foster JP, Psaila K, Patterson T. Non-nutritive sucking for increasing

physiologic stability and nutrition in preterm infants. Cochrane Database

Syst Rev. 2016;10(10):CD001071.

Orovou E, Tzitiridou-Chatzopoulou M, Dagla M, Eskitzis P, Palaska E,

lliadou M et al. Correlation between pacifier use in preterm neonates and

breastfeeding in infancy: a systematic review. Children. 2022; 9:1585.

Allen E, Rumbold AR, Keir A, Collins CT, Gillis J, Suganuma H. Avoi-

dance of bottles during the establishment of breastfeeds in preterm in-

fants. Cochrane Database Syst Rev. 2021; 10(10):CD005252.

Moreira CMD, Cavalcante-Silva RPGV, Fujinaga Cl, Marson F. Compa-

ragdo entre o método sonda-dedo versus copo na transi¢ao alimentar

do recém-nascido prematuro. J Pediatr (Rio J). 2017;93:585-91.

Buldur E, Yalcin Baltaci N, Terek D, Yalaz M, Altun Koroglu O, Akisu M

et al. Comparison of the finger feeding method versus syringe feeding

method in supporting sucking skills of preterm babies. Breastfeed Med.
2020;15:703-8.

De Halleux V, Rigo J. Variability in human milk composition: benefit of

individualized fortification in very-low-birth-weight infants. Am J Clin Nutr.

2013;98(2).

Pearson F, Johnson MJ, Leaf AA. Milk osmolality: does it matter? Arch

Dis Child Fetal Neonatal Ed. 2013;98(2):F166-9.

Kreins N, Buffin R, Michel-Molnar D, Chambon V, Pradat P, Picaud JC.

Individualized fortification influences the osmolality of human milk. Front

Pediatr. 2018;6:322.

Picaud JC, Vincent M, Buffin R. Human milk fortification for preterm in-

fants: a review. World Rev Nutr Diet. 2021;122:225-47.

. Klingenberg C, Embleton ND, Jacobs SE, O’Connell LAF, Kuschel CA.
Enteral feeding practices in very preterm infants: an international survey.
Arch Dis Child Fetal Neonatal Ed. 2012;97:F56-61.

. Brown JVE, Lin L, Embleton ND, Harding JE, McGuire W. Multi-nutrient

fortification of human milk for preterm infants. Cochrane Database Syst

Rev. 2020;6(6):CD000343.

Rochow N, Fusch G, Ali A et al. Individualized target fortification of breast

milk with protein, carbohydrates, and fat for preterm infants: a dou-

ble-blind randomized controlled trial. Clin Nutr. 2021;40:54-63.

Choi A, Fusch G, Rochow N, Fusch C. Target fortification of breast milk:

predicting the final osmolality of the feeds. PLoS One. 2016;11:€0148941.

Kreissl A, Zwiauer V, Repa A et al. Effect of fortifiers and additional

protein on the osmolarity of human milk: is it still safe for the premature

infant? J Pediatr Gastroenterol Nutr. 2013;57:432-37.

Cardoso M, Virella D, Papoila AL, Alves M, Macedo |, Silva D, Perei-

ra-da-Silva L. Individualized fortification based on measured macronutrient

content of human milk improves growth and body composition in infants

born less than 33 weeks: a mixed-cohort study. Nutrients. 2023;15:1533.

. Mihatsch WA, Von Schoenaich P, Fahnenstich H, Dehne N, Ebbecke H,

Plath C et al. The significance of gastric residuals in the early enteral

feeding advancement of extremely low birth weight infants. Pediatrics.

2002;109:457-9.

Abiramalatha T, Thanigainathan S, Ninan B. Routine monitoring of gas-

tric residual for prevention of necrotising enterocolitis in preterm infants.

Cochrane Database Syst Rev. 2019;7(7):CD012937.

263



