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Chapter 1: Defining Nutritional Needs of Preterm Infants
Berthold Koletzko, Sarah Wieczorek, Magnus Domellöf, Brenda B. Poindexter

Key messages: 
A lack of conclusive data means that there is 
considerable uncertainty about acceptable nutrient 
intake ranges for preterm infants.

Setting Nutrient Intake Recommendations 
Based on Current Body Weight Categories
Growth potential is more closely related to weight 
than to gestational age. A concern with previous 
recommendations is that they have often been based 
on birth weight rather than current weight. However, 
physiological nutrient requirements are expected to 
decline as the infant grows and gradually approaches 
the requirements of the term infant. Therefore, we 
suggest estimating physiological nutrient requirements 
based on current body weight and desired weight  
gain categories. 

Categories of current body weight and desired 
weight gain that guide the estimation of 
physiological nutrient requirements.

Weight interval Desired average daily 
weight gain, g/kg

< 1,500 g 17-21

1,500-2000 g 14-17

2,000-2,500 g 12-14

2,500-3,000 g 10-13

Physiological requirements for most nutrients are 
proportional to growth rate, with a few exceptions 
such as water and fat.

Nutrient recommendations refer to stable  
growing preterm infants according to current  
body weight categories.

 Practice tip
During the early postnatal phase prior to 
establishing full feeding, and during phases of 
critical illness, nutrient intakes lower than the 
reference nutrient intakes for stable growing 
preterm infants may be appropriate.

Caveat: The nutrient needs of an individual 
preterm infant may markedly deviate from the 
population reference intakes.

Foreword
The last two decades have shown a marked 
improvement in the survival of preterm infants. This 
has allowed the focus to move towards improving 
quality of life and improved outcomes. Evidence 
has shown that the quality of nutrition for preterm 
infants is not only linked to infant growth and 
immediate functions but also long-term health.  
The 2nd edition of Nutritional Care for Preterm 
Infants was recently published, presenting 
guidance for the practical application of nutritional 
care of preterm infants and bringing practice 
methods and recommendations up to date.

This summary booklet is aimed to provide key 
takeaways and practice tips from 17 selected 
chapters of the book and to summarize the main 
changes in terms of recommended nutrient intakes 
from the first edition published in 2014 to the 
current second edition.
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Chapter 2: Monitoring of Growth and Body Composition: 
New Methodologies
Sarah N. Taylor, Catherine O. Buck

Growth assessment
In preterm infant growth and body composition 
measurement, change in parameters over time 
appears to be a better marker for outcomes than a 
specific parameter or Z score at one point in time.

The options for preterm infant standard and 
reference growth curves each have strengths and 
weaknesses. Importantly, each clinical care institution 
should choose a curve to incorporate into preterm 
infant care with consistent growth monitoring. 

Body Composition
Body composition monitoring provides information 
regarding fat and lean mass accrual and distribution. 
Research is ongoing to identify the best methods for 
preterm body composition measurement that are 
reliable, nondisruptive to the infant, and predict  
long-term outcomes. 

At present, there are limited reference range data  
for preterm infants for many available body 
composition techniques.

References:
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 Practice tip 1:
Preterm infant in-hospital weight, length, and head 
circumference gains are associated with improved 
neurodevelopmental outcome and, therefore, 
should be actively monitored and promoted in the 
daily care of preterm infants.

 ■ A consistent method of measurement (e.g., 
a length board for length) with training and 
assessment of accuracy is recommended.1

 ■ Reference expected weight gain rates:  
15–20 g/kg/day.2,3 Calculate weight growth 
velocity (g/kg/day) from the day the infant 
returned to birth weight (~14 postnatal days) 
until 36 weeks’ postmenstrual age (PMA).

 ■ >36 weeks’ gestation or >2 kg body weight: 
change in grams per day is a more appropriate 
measure.

Caveat: Appropriate for gestational age for weight 
at hospital discharge, 36 weeks’ PMA, or term 
equivalent age is not associated with improved 
long-term outcomes. Though this measure can be 
an excellent metric for quality improvement efforts 
to improve nutrient delivery, it does not serve as a 
predictor of neurodevelopment outcome.

 Practice tip 2: 
Due to weaknesses of growth chart-calculated 
Z scores and growth velocity calculations, both 
metrics should be monitored to provide a more 
complete representation of an infant’s growth.

Caveat: In monitoring growth patterns along 
a growth chart, change in Z scores or standard 
deviation (SD) scores provides greater information 
than visualizing a growth pattern superimposed on 
percentile lines.

Chapter 3: Preterm Nutrition and the Brain
Sara E. Ramel, Mandy B. Belfort

Key messages: 
Slow brain growth may not always respond to an 
increase in nutrient provision, and more rapid brain 
growth may not always correlate with improved 
neurodevelopmental outcomes.

Because the transfer of micronutrients across the 
blood-brain barrier is tightly regulated, blood 
nutrient levels or other biomarkers may not reflect 
the status of that nutrient within the brain. Some 
nutrients have particularly large effects on the brain 
between 24 and 44 weeks postconceptional age.

Macronutrients Proteina

Specific fats (e.g. LC-PUFAsa)
Glucose

Micronutrients Irona

Zinca

Coppera

Iodine (thyroid)a

Vitamins/cofactors Folatea

Cholinea

Vitamin A
Vitamin B6
Vitamin B12

LC-PUFAs, long-chain polyunsaturated fatty acids. a Likely exhibits a 
critical/sensitive period for neurodevelopment between 24 and 44 
weeks after conception based on human data or preclinical models.

Nutrients that particularly affect brain 
development in preterm infants

 ■ Carbohydrates: Preterm infants need glucose 
infusion rates closer to 12 mg/kg/min to maintain 
normoglycemia and growth.

 ■ Fats: Recommendations for LC-PUFA 
supplementation among preterm infants have  
been made.

 ■ Protein: Fat-free mass and linear growth index  
and protein accretion closely reflect brain  
structural growth.

 ■ Iron: Clinical data support the practice of routine 
enteral iron supplementation initiated early in  
the NICU to reduce later neurological and 
behavioural deficits.

 ■ Zinc: Whether a higher dose than currently 
recommended is more optimal for brain 
development remains unclear.

 ■ Iodine: Iodide supplementation of 30 μg/kg/
day versus placebo was safe but did not improve 
cognitive or motor outcomes at 2 years of age. 
Higher dose and other outcomes need to be studied.

 ■ Selenium: Preterm infants are vulnerable to 
selenium deficiency. No study, in preterm infants, 
to date has linked selenium status at birth or in 
the NICU, or selenium supplementation, with 
neurodevelopmental outcome.

 ■ Copper: Optimal preterm infant copper intake  
has not been clinically established with respect  
to structural brain development or 
neurodevelopmental outcomes.

 ■ Choline: Plasma choline falls postnatally in preterm 
infants. Choline supplementation has not been 
clinically studied in preterm infants.
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Chapter 4: Proteins and Amino Acids
Chris H.P. van den Akker, Miguel Saenz de Pipaon, Johannes B. van Goudoever

Parenteral and enteral protein 
recommendations 
Parenteral amino acid (AA) supply for very preterm 
infants can start directly from birth onwards at a rate 
of 1.5–2.5 g/kg/day safely and can be increased to  
3.5 g/kg/day in the next few days.

AAs will be oxidized if there is insufficient non-
protein energy available. It is important to administer 
intravenous lipids immediately after birth to achieve an 
energy intake of > 65 kcal/kg/day as soon as possible.1,2

Caveat: Neonatal refeeding-like syndrome is common 
in extremely low birth weight infants who are provided 
AAs but with insufficient phosphate and potassium. It 
is associated with increased morbidity and mortality.3,4 
Optimizing phosphate, calcium, and potassium 
intakes in intravenous nutrition solutions may reduce 
refeeding-like syndrome and its consequences.

Enterally fed very preterm infants should receive at 
least 3.5–4.0 g protein/kg/day (together with sufficient 
other macro- and micronutrients). This is in contrast 
to small for gestational age infants born at term who 
should not be supplied with additional protein.

Protein quality
Besides considering total protein intake, it is also 
important to acknowledge dietary protein quality, i.e., 
the distribution or amount of (conditionally) essential 
AAs from dietary intake (parenteral or enteral). 

If the parenteral or enteral dietary intake of any 
essential AA is too low, protein synthesis is limited by 
the availability of that AA.

 Practice tip 1:
Do not taper off parenteral nutrition too soon 
while enteral intake increases.

 ■ AA intakes should not be tapered before an 
enteral intake of at least 75 mL/kg/day has 
been reached and not stopped before full 
enteral feeding is reached.

 Practice tip 2: 
Be aware of the rapidly decreasing protein content 
of human milk over the first few weeks.

 ■ The strategy of solely supplementing human 
milk with protein is not recommended 
because of higher requirements of many 
other nutrients, and a multi-nutrient fortifier is 
preferred.  

Individual AAs
No recommendation can be made in either direction 
regarding the use of separate supplementation of 
glutamine, arginine, or taurine next to enteral nutrition 
to decrease neonatal morbidity incidence.

Enteral requirements have only been assessed for 
phenylalanine and cysteine in moderately preterm 
infants.5,6

 ■ Phenylalanine: 80 mg/kg/day (95% CI: 40–119).

 ■ Cysteine: < 18 mg/kg/day provided that methionine 
intake is adequate.

Amino acids classified whether they are 
considered essential, semi-essential, or  
non-essential in infants 

Essential Semi-essential Non-essential 

Histidine 
Isoleucine 
Leucine 
Lysine
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Valine 

Arginine 
Cysteine 
Glutamine
Glycine 
Proline 
Taurine*

Tyrosine 

Alanine 
Asparagine 
Aspartic acid 
(aspartate) 
Glutamic acid 
(glutamate) 
Ornithine*

Serine 

* Not an α-amino acid (not incorporated in proteins).
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Protein intake may be further increased up to 4.5 
g/kg/day in case of growth faltering, provided 
protein quality is good, concomitant energy, and 
other micronutrient intakes are optimal, and there 
are no other causes for suboptimal growth.

It is unsure whether a higher protein intake than 
4.5 g/kg/day is metabolically safe or aids in 
optimizing growth further.

Weight gain rates (when no other factors (such as 
energy) are limiting growth):

 ■ ~15 g/kg/day with protein intakes  
~3.0–3.5 g/kg/day. 

 ■ ~20 g/kg/day with protein intakes of  
~4.0–4.5 g/kg/day. 

Current  body weight Protein or amino acid supply, g/kg/day

500 - 1,000 g 3.5 - 4.5 (of which 3.5 max parenterally)

1,000 - 1,500 g 3.5 - 4.5 (of which 3.5 max parenterally)

1,500 - 2,000 g 3.0 - 4.0 (of which 3.0 max parenterally)

2,000 - 2,500 g 2.5 - 3.5 (of which 2.5 max parenterally)

Appendix: Recommended Nutrient Supply
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Chapter 5: Lipid Requirements of Preterm Infants
Berthold Koletzko and Alexandre Lapillonne

Key messages: 
Dietary lipid supply provides energy, essential 
substrates, and bioactive components that modulate 
metabolic response, growth, tissue composition and 
functions depending on their amount and composition. 

 Practice tip 1: 
Current strategies to improve the quality of 
preterm growth and lean mass deposition are to 
prevent the extent of early growth faltering by 
provision of sufficient protein and energy, and an 
adequate protein to energy ratio.1 

Caveat: Infants born prematurely tend to deposit 
more body fat during extrauterine growth than a 
healthy fetus at the same postconceptional age. 

Recommendations for enteral nutrition of 
preterm infants
Total enteral fat supply:  
4.1–7.4 g/100 kcal (approx. 37–67 E%)

Typically, human milk lipids contribute about 40–55% 
of milk digestible energy,2 which can provide a high 
energy supply in a limited volume. 

Medium chain triglycerides (MCTs):  
≤40% of fat intake

High MCT intakes are not recommended as they do 
not provide a benefit for energy balance except for 
infants with severe lipid malassimilation or intestinal 
failure.

Essential fatty acids: a) linoleic acid (LA):  
350–1,400 mg/100 kcal and b) alpha-linolenic acid 
(ALA): >50 mg/100 kcal

Current infant formula guidelines aim at avoidance 
of a very high LA:ALA ratio, which may reduce ALA 
conversion to n–3 LC-PUFA.3

Long chain PUFAs:  
a) Docosahexaenoic acid (DHA): 0.5–1% of total  
fatty acids (FAs); b) DHA:ARA (arachidonic acid) 
ratio: 0.5–1.

DHA and ARA are considered conditionally essential 
substrates that should be provided because their 
rate of conversion from precursors (ALA and LA, 
respectively) is lower than their needs for growth.

In very preterm infants, relatively high intakes of ARA 
and DHA have been associated with functional benefits 
including improving growth, neurological and visual 
development, and modulation of immune functions.4,5

 Practice tip 2: 
Encourage mothers providing breast milk for their 
preterm infants to eat oily fish regularly or to take 
moderately dosed DHA supplements.

 Practice tip 3: 
When choosing preterm formula, select one with 
high contents of DHA (0.5–1% of FAs) along with 
ARA (DHA:ARA ratio: 0.5–1).
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Chapter 6: Water, Sodium, Potassium, and Chloride
Christoph Fusch

Key messages: 
Preterm infants may now be exposed to less 
pulmonary morbidity due to improved perinatal 
conditioning, (e.g. prenatal steroids, in utero 
referral to perinatal centers, less invasive surfactant 
administration). As a result, they may not benefit from 
fluid restriction any longer and a more liberal fluid 
intake could improve the nutrient intake and growth.

Water vs. fluid intakes
The water volume required to ensure healthy water 
metabolism, homeostasis and cardiovascular integrity 
is different from the fluid volume needed to provide 
enteral or parenteral dietary intakes. This is particularly 
important when fluid volume needs to be restricted. 
Energy/caloric supply must be calculated and measures 
taken to ensure that energy content is not deficient.

In enteral nutrition, the water volume is smaller than the 
enteral fluid volume; enteral nutrition contains 12–15% of 
solid substances, thus only 85–88% of water (i.e., intake 
of 160 mL/kg equals 135–140 mL/kg/day of water).

Sodium and potassium:
Sodium needs may be higher than previously assumed.

With improved macronutrient supply and better 
growth rates there is a risk of “refeeding syndrome” 
calling for the need for a sufficient supply of sodium, 
potassium, and phosphorus in combination with 
appropriate monitoring.

Recommended intakes: 
Enteral fluid intakes need not necessarily be restricted 
to 150–160 mL/kg/day during the phase of stable 
growth. Higher fluid volumes (up to 200–220 mL/
kg/day) seem to be tolerated without compromising 
cardiovascular, ductal, pulmonary, renal, intestinal, or 
metabolic integrity. This approach may be beneficial 
because growth will be impaired when fluid intake is 
unnecessarily restricted.

Fluid volumes on day of life 1 typically are between 
70 and 100 mL/kg/day – with more immature infants 
starting at higher volumes (typically 70–120 mL/kg/day). 
Fluid volumes in phase 2 typically range from 140 to 
200 mL/kg/day with more immature patients requiring 
higher volumes. Daily increments vary from 20–40 mL/
kg/day in more mature infants up to 30–60 mL/kg/day 
or even more in more immature patients. A summary of 
corresponding numbers is found in the following table.
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QR code
Table: Recommendations for 
daily intake of water and 
electrolytes in preterm infants. 

 Practice tip 1
Fluid and electrolyte intakes need to be balanced 
and cannot be understood, interpreted, and 
prescribed independently from each other.

 Practice tip 2: 
In the phase of stable growth, a balanced oral 
intake of anions and cations (alkali excess) is 
required to match needs generated by limited renal 
osmolality and dietary potential renal acid load.1

 Practice tip 3: 
Sodium content of fortified breast milk may be too 
low to meet the needs of adequate growth in all 
preterm infants.2,3

 Practice tip 4: 
Urinary sodium excretion is an easy-to-measure 
parameter with the potential to guide sodium 
administration in clinical practice.

Caveats: Clinicians should be aware of “hidden” 
intakes of sodium and other electrolytes due to 
intravenous flushes and/or carrier solutions in 
infants on parenteral supply.

Calculating fluid balances in VLBW infants may be 
imprecise because of incomplete collection, fecal 
crossover and unknown amount of insensible water 
loss and may hence be misleading to monitor fluid 
status and guide fluid administration.

Guidance levels for conditionally indispensable 
substrates that remain uncertain in preterm infants: 

 ■ Total free and bound choline: ≥30 mg/100 kcal

 ■ L-Carnitine: ≥1.5 mg/100 kcal
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Key messages: 
Calcium, magnesium, and phosphorus are 
prominently involved in skeletal development, but 
all three also play critical roles in cellular function 
especially in metabolism.

Vitamin D is critical for infant bone mineralization but 
the range of vitamin D levels that supports optimal 
bone development is unknown.

When providing parenteral protein, very preterm 
infants also require phosphorus.

Standard preterm infant formulas and fortified 
human milk generally provide adequate calcium, 
magnesium, and phosphorus, and are recommended 
to continue at least through term age.

Vitamin D supplementation of 400 IU/day and up 
to 1,000 IU/day is recommended; in very preterm 
infants sometimes challenges arise in achieving 
this supply due to limitations in currently available 
parenteral and enteral nutrition products.

Parenteral and enteral delivery:
Specific parenteral and enteral delivery of calcium, 
phosphorus, magnesium, and vitamin D can be seen in 
the supplementary table on the next page.

Provide early calcium and phosphorus with parenteral 
nutrition to achieve a calcium to phosphorus molar 
ratio of 0.8–1: 1. If an infant continues to require 
parenteral nutrition at 1 postnatal week, a higher 
molar ratio of 1–1.3: 1 may be considered while 
monitoring serum concentrations of calcium and, most 
importantly, phosphorus.

If the infant exhibits hypocalcemia, ensure the infant is 
not deficient in magnesium.

Caveats
In many institutions, parenteral phosphorus is provided 
as sodium phosphate or potassium phosphate; 
therefore, limitations in sodium and potassium needs 
may limit the amount of phosphorus provided.

In parenteral nutrition, for most preterm infants, 
phosphorus and vitamin D supplementation remains 
below the recommended intake. Attention should be 
given to identify methods to maximize phosphorus 
delivery. For vitamin D, consider an oral supplement if 
the infant can tolerate oral nutrition.

When an infant exhibits either hypocalcemia or 
hypophosphatemia, both minerals will be removed 
from bone. Therefore, hypocalcemia leads to 
increased urinary phosphorus excretion, and 
hypophosphatemia leads to hypercalcemia.

Chapter 7: Calcium, Magnesium, Phosphorus, and Vitamin D
Sarah N. Taylor

 Practice tip 1: 
A recommendation based on  
currently available evidence and  
expert consensus on clinical  
monitoring of calcium, phosphorus,  
magnesium, and vitamin D is presented. 

Scan the QR code to read the table.

 Practice tip 2: 
Monitor calcium, phosphorus, and magnesium 
while titrating parenteral nutrition and with less 
frequent monitoring if acceptable values once 
receiving maintenance parenteral nutrition.

 Practice tip 3: 
With enteral nutrition, consider monitoring of 
phosphorus at 2 and 3 postnatal weeks and 
monitoring of calcium, phosphorus, and 25(OH)D 
at 4–6 postnatal weeks to identify infants at risk for 
metabolic bone disease and the potential need to 
increase supplementation.

Parenteral and enteral delivery of calcium, phosphorus, magnesium, and vitamin D 

Nutrient Parenteral in first 
postnatal days 

Parenteral after first days Enteral 

Calcium, mmol/kg/day 
(mg/ kg/day) 

At least 1 (40); optimally 
1.5–2 (60–80) but may be 
lower to maintain 0.8–1:1 
molar ratio with phosphorus 

1.25–2 (50–80) is common due to 
balance with phosphorus and solubility 
issues, to match fetal accretion 1.6–3.5 
(64–140) 

3–5.5 
(120–220) 

Phosphorus, mmol/kg/
day (mg/kg/day) 

1–2 (31–62) 
1.25–3 (39–93) but the maximum is 
often limited to 1.5 (47) or 2 (62) due to 
solubility and molar ratio with calcium 

2.3–3.9  
(70–120)

Magnesium, mmol/kg/
day (mg/kg/day) 

0.1–0.2 (2.5–5.0) 0.2–0.3 (5–7.5) 
0.33–0.62 
(8–15)

Vitamin D, IU/day 400a 400a 400–1,000 
a Parenteral multivitamin preparations may only provide 160 IU/kg until the infant is 2.5 kg. Adapted from recommendations  published 
by the European Society for Paediatric Gastroenterology, Hepatology, and Nutrition [1], the American Academy of  Pediatrics [2], the Life 
Sciences Research Office [3, 4], Rigo et al. [5], Atkinson and Tsang [6], and the first edition of this book [7].

QR code
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Chapter 8: The Microbiome as a Therapeutic Target in Preterm Nutrition
Josef Neu, Laura Patto

Chapter 9: Recommended Nutrient Intake Levels for Preterm Infants
Berthold Koletzko, Sarah Wieczorek, Fook-Choe Cheah, Magnus Domellöf,  
Johannes B. van Goudoever, Brenda B. Poindexter, Nestor Vain 

Key messages: 
Advisable daily enteral and parenteral nutrient intake 
values for very low birth weight (VLBW) infants were 
derived based on a considered review of the available 
evidence and a formal consensus-building process.

Table. Advisable daily enteral 
nutrient intakes per kilogram 
body weight for preterm infants 
by body weight categories.

Key messages
Recent research suggests that the fetal/neonatal 
microbiome may be established in utero.

Dysbiosis, or altered intestinal microbiota, has been 
implicated in multiple neonatal and childhood 
diseases including necrotizing enterocolitis (NEC), 
allergies, autism, and type 1 diabetes mellitus. 

As such, therapies aimed at preventing or fixing 
this dysbiosis may be fruitful in the prevention or 
treatment of NEC.

Probiotics, prebiotics, postbiotics, and synbiotics 
are being evaluated for their use in the prevention 
of dysbioses such as NEC.

Caveat: Probiotics are not at this time 
recommended as there is little in terms of quality 
regulation and no current consensus exists on 
indication for use, type, or duration of therapy.

 ■ Causality has not been clearly established for a 
specific microbe or set of microbes.

 Practice tip 1: 
The use of human milk has been shown to reduce 
the incidence of NEC. 

Caveat: Vaginal seeding is not recommended given 
the uncertain safety and possibility of transferring 
harmful microbes.

Human milk is the ideal source of nutrition and 
maternal human milk should be utilized if possible 
as this will convey both its own microbiome to the 
neonate as well as prebiotics inherent to human milk. 

QR code
Table. Recommended nutrient 
intake levels for preterm infants.

QR code

Table. Advisable daily parenteral 
intakes of fluids, energy, amino 
acids and glucose per kilogram 
body weight for preterm infants 
categorized by body weight.

QR code

Table. Recommendations for 
daily parenteral mineral and 
micronutrient intakes per kilogram 
body weight for VLBW infants.

Different nutrient intake values for groups of preterm 
infants based on body weight categories were derived 
for some nutrients, whereas for others the available 
evidence was considered insufficient to do so.

Recommended ranges of nutrient levels per 100 kcal 
energy intake have been calculated based on an energy 
supply of 110 kcal/kg/day, which is considered the 
lower end of the range of adequate energy intakes. 

 ■ The group of authors expressed their level of support 
for each recommendation by voting.

 ■ These recommended intakes are intended to meet 
the nutrient requirements of almost all medically 
stable and growing VLBW infants, although 
individual needs may differ.

 ■ The authors do not imply that nutrient contents 
below or above the ranges recommended here 
represent a risk for the target population.

For the enteral intake of fluids, energy, protein, 
carbohydrates and iron, nutrient intake 
recommendations by body weight categories are 
provided in the table below.

Caveat: As not all babies have access to their mother’s 
human milk, donor milk or alternative milks are being 
developed and are viable options that might convey 
the same effect on the neonatal microbiome and 
immune system.

QR code
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Comparison of Nutrient Intake Recommendations from the  
1st to the 2nd edition of Nutritional Care of Preterm Infants

Nutrient
2014 

recommendation 
(per kg/day)

2021 
recommendation  

(per kg/day)

2014 
recommendation 

(per 100 kcal)

2021 
recommendation  

(per 100 kcal)

Fluids, mL 135–200 135–200 – –

Energy, kcal 110–130 110–130 – –

Protein, g 3.5–4.5 3.5–4.5 3.2-4.1 3.2-4.1

Linoleic acid, mg 385–1540 385–1540 350-1400 350-1400

α-Linolenic acid, mg >55 >55 >50 >50

Potassium, mg 78–195 78–195 71-177 71-177

Magnesium, mg 8–15 8–15 7.3-13.6 7.3-13.6

Zn/Cu molar ratio 
in formulas NS NS NS NS

Manganese, mcg 1–15 1–15 0.9-13.6 0.9-13.6

Iodine, mcg 10–55 10–55 9-50 9-50

Chromium, mcg 0.03–2.25 0.03–2.25 0.03-2.05 0.03-2.05

Molybdenum, mcg 0.3–5 0.3–5 0.27-4.5 0.27-4.5

Vitamin D, IU
(400–1,000 per 
day, from milk + 

supplement)

(400–1,000 per 
day, from milk + 

supplement)

100-350 
from milk only

100-350 
from milk only

Vitamin E, mg α-TE 2.2–11 2.2–11 2-10 2-10

Vitamin K1, mcg 4.4–28 4.4–28 4-25 4-25

Nucleotides, mg NS NS NS NS

Inositol, mg 4.4–53 4.4–53 4-48 4-48

Nutrient 2014 
recommendation 

(per kg/day)

2021 
recommendation  

(per kg/day)

2014 
recommendation 

(per 100 kcal)

2021 
recommendation  

(per 100 kcal)

Lipids, g 4.8–6.6 4.55–8.1 4.4-6 4.1-7.4

DHA, mg (18–) 55–60 NS (16.4-) 50-55 NS

DHA, % of total  
fatty acids – 0.5–1 – 0.5-1

DHA/ARA ratio – 0.5–1 – 0.5-1

EPA, mg <20 NS <18 NS

ARA, mg (18–) 35–45 NS (16.4-) 32-41 NS

Carbohydrate, g 11.6–13.2 11–13 10.5-12 10-11.7

Sodium, mg 69–115 69–115 (–184) 63-105 63-105 (–167.3)

Chloride, mg 105–177 105–177 (–284) 95-161 95-161 (–258)

Calcium, mg 120–200 120–220 109-182 109-200

Phosphorous, mg 60–140 70–120 55-127 64-109

Ca/P molar ratio for 
enteral nutrition – 1.6–1.8:1 – 1.6-1.8:1

Iron, mg 2–3 1–3 1.8-2.7 0.9-2.7

Zinc, mg 1.4–2.5 2–3 1.3-2.3 1.8-2.7

Copper, mcg 100–230 120–230 90-210 109-209

Selenium, mcg 5–10 7–10 4.5-9 6.4-9.1

Fluoride, mcg 1.5–60 NS 1.4-55 NS

Thiamine, mcg 140–300 132–275 127-273 120-250

Riboflavin, mcg 200–400 200–430 182-364 182-391

Niacin, mg 1–5.5 1.1–5.5 0.9-5 1-5

Pantothenic acid, mg 0.5–2.1 0.6–2.1 0.45-1.9 0.55-1.91

Pyridoxine, mcg 50–300 66–275 45-273 60-250

Cobalamin, mcg 0.1–0.8 0.12–0.6 0.09-0.73 0.11-0.55

Folic acid, mcg 35–100 22–100 32-91 20-91

L-Ascorbic acid, mg 20–55 16.5–41 18-50 15-37.3

Biotin, mcg 1.7–16.5 3.3–15 1.5-15 3-13.6

Vitamin A, IU 1,332–3,363 1,332–3,330 1,215-3,330 1,210-3,027

Choline (total free  
and bound), mg 8–55 ≥33 7.3-50 ≥30

Carnitine (guidance 
level), mg None ≥1.65 - ≥1.5

No change

Change
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Key Messages
Bridging parenteral nutrition for the very low birth 
weight infant ensures adequate nutrient supply and 
reduces growth faltering while enteral nutrition (EN)  
is being established.

Strict monitoring is recommended.

Standardized parenteral nutrition (PN) is a valid 
alternative to individualized parenteral nutrition; 
computer-guided prescriptions and monitoring 
algorithms are desirable.

Indications
 ■ Infants with severe conditions which make  
EN impossible 

 ■ Mean EN volume of 3 consecutive days of <30ml/
kg/d is enough.

 ■ Patients who develop major illnesses after a variable 
period of good gastro-intestinal tolerance

Caveat: PN should not divert the attention  
from optimizing EN and aggressive PN should not 
come to a price of increased risks of infections and 
other complications. References   

1. Mihatsch WA, Braegger C, Bronsky J, Cai W, Campoy C, Carnielli V, et al. 
ESPGHAN/ESPEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition. 
Clin Nutr. 2018;37(6 Pt B):2303-5.

2. Mesotten D, Joosten K, van Kempen A, Verbruggen S. ESPGHAN/ESPEN/
ESPR/CSPEN guidelines on pediatric parenteral nutrition: Carbohydrates. 
Clin Nutr. 2018;37(6 Pt B):2337-43.

3. Beardsall K, Vanhaesebrouck S, Ogilvy-Stuart AL, Vanhole C, Palmer CR, van 
Weissenbruch M, et al. Early insulin therapy in very-low-birth-weight infants. 
N Engl J Med. 2008;359(18):1873-84.

4. te Braake FW, van den Akker CH, Riedijk MA, van Goudoever JB. Parenteral 
amino acid and energy administration to premature infants in early life. 
Semin Fetal Neonatal Med. 2007;12(1):11-8.

5. Lapillonne A, Fidler Mis N, Goulet O, van den Akker CHP, Wu J, Koletzko B. 
ESPGHAN/ESPEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition: 
Lipids. Clin Nutr. 2018;37(6 Pt B):2324-36.

6. Kapoor V, Malviya MN, Soll R. Lipid emulsions for parenterally fed term and 
late preterm infants. Cochrane Database Syst Rev. 2019;6(6):Cd013171.

Chapter 10: Practice of Parenteral Nutrition in Preterm Infants
Virgilio Paolo Carnielli, Alessio Correani, Ilaria Giretti, Rita D’Ascenzo, Maria Paola Bellagamba, 
Ilaria Burattini, Chiara Biagetti

 Practice tip 1: 
PN should be started from the first few hours of 
life after stabilization with a total daily intravenous 
energy of about 45–55 kcal/kg

Carbohydrates: 
 ■ Start at 5.8 to 11.5g/kg/day on day of life  
(DOL) 1 and up to 11.5–14.4 g/kg/day over  
the subsequent 2–3d1,2

 ■ Routine use of insulin should be avoided  
(risk of hypoglycemia and lactic acidosis)3

Amino-acids (AA): 
 ■ Start with at least 1.5 g/kg/d on DOL1

 ■ The maximum AA intake should be between  
2.5 and 3.5 g/kg/d 

 ■ Give 20- 25 kcal of nonprotein energy (NPE) per 
gram of  AA to optimize protein accretion4

 ■ The cost-benefit ratio of “aggressive” PN during 
critical illness remains unexplored

Lipids:5

 ■ Start after birth and no later than DOL2

 ■ Intake > 2.0 g/kg on DOL1 is NOT 
recommended

 ■ Maximum Intravenous Lipid Emulsions (ILEs) 
intake: 3-4g/kg/d (Reduce if plasma triglyceride 
levels > 265mg/dL)

 ■ Dose of ILE to prevent essential fatty acid 
deficiency: 0.25 g/kg/day of linoleic acid

Electrolytes:
 ■ Routine plasma and urinary electrolytes 
monitoring guides the provision of sodium and 
potassium intakes

 ■ During first DOLs lower calcium (Ca), phosphate 
(Pi) and magnesium intakes than in growing 
stable preterm infants are recommended

 ■ Ca and Pi in VLBW infants can be increased 
until both are excreted simultaneously in low 
concentrations (>1.0 mmol/L) in the urine6

 ■ Once AA and energy intakes are optimized, 
a Ca:Pi molar ratio below 1.0 (0.8–1.0) is 
recommended to reduce the incidence of early 
postnatal hypercalcemia and hypophosphatemia

 Practice tip 2: 
PN should be preferably administered via central 
venous catheher  (CVC), and it is recommended to 
guide the placement of the catheter by ultrasound 
(preferred) or by X-ray.

 Practice tip 3: 
Low-evidence data suggest that an upper limit 
of 1,200 mosm/L for CVC and 800 mosm/L for 
peripheral infusions are considered to be safe.

 Practice tip 4: 
Protect the PN bags and infusion lines from light  
to reduce peroxide formation.

Figure. Blood glucose 
monitoring and intravenous 
glucose titration protocol 

QR code

QR code
Table. Monitoring strategies 
for preterm infants on bridging 
parenteral nutrition (PN)

QR code
Figure. Triglyceride 
monitoring and intravenous 
lipid titration protocol

QR code

Figure. Blood urea monitoring 
and intravenous amino acid 
(AA) titration protocol. NPE, 
nonprotein energy
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No

Chapter 11: Human Milk Fortification for Preterm Infants: A Review
Jeans-Charles Picaud, Marine Vincet, Rachel Buffin

Key messages: 
Human Milk (HM) Fortification
Preterm infants with a body weight <1800 g need  
HM fortification as the current standard of care.

Multicomponent fortifiers (MCF) do not seem to be 
associated with feeding intolerance and are safe even 
when introduced early with enteral feeds.

The amount of fortifier added to HM should not be 
the only variable adjusting the enteral diet in the 
event of deterioration in digestive tolerance. It would 
significantly reduce nutritional intake and promote 
postnatal growth faltering.

 Practice tip 1: 
Full-strength fortification using an MCF should be 
started when 50-100 mL/kg/day enteral feeding is 
well tolerated

 ■ During fortification, careful weight gain 
monitoring is essential, with an appropriate 
objective, i.e., a target weight gain of 20 g/kg/
day between 24 and 32 weeks and 17 g/kg/day 
between 33 and 37 weeks.

Individualized fortification 
Individualized fortification may be particularly 
beneficial for infants with inadequate growth.

It is recommended that fortification is 
individualized according to the safest strategy 
for each unit, depending on the availability of 
dedicated staff and accurate milk analyzers.

  Practice tip 2: 
Individualized fortification can help to support 
postnatal growth. Both adjustable and targeted 
fortification has advantages over standardized 
fortification. 

Postnatal growth between birth and discharge 
should be evaluated using Z scores with the aim 
of obtaining body weight and head circumference 
Z scores for age at discharge as close as possible 
(±0.5 SD) to weight and head circumference at birth.

Discharge 
Post-discharge fortification may be necessary for 
certain infants. 

 Practice tip 3: 
In well-growing infants, HM fortification may be 
stopped when infants are fully breastfed and 
present an adequate postnatal growth. 

 ■ In selected infants, fortification must be 
continued up to 40-52 weeks: very preterm 
infants, growth restricted at discharge, infants 
who have continuing medical problems such as 
bronchopulmonary dysplasia, and infants with 
an insufficient protein intake or at high risk of 
metabolic bone disease.

Caveat: Monitoring of growth is essential  
when fortification is continued after discharge  
to avoid overgrowth. 

QR code

QR code Table. Human milk (HM) fortification 
after discharge in preterm infants
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1. Brown JV, Embleton ND, Harding JE, McGuire W. Multi-nutrient fortification 

of human milk for preterm infants. Cochrane Database Syst Rev. 
2016;5:CD000343.
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S, Fusch C. Individualized target fortification of breast milk with protein, 
carbohydrates, and fat for preterm infants: a double-blind randomized 
controlled trial. Clin Nutr. 2020;S0261–5614:30202–8.

3. Moro GE, Arslanoglu S, Bertino E, Corvaglia L, Montirosso R, Picaud JC, 
et al; American Academy of Pediatrics; European Society for Pediatric 
Gastroenterology, Hepatology, and Nutrition. XII. Human milk in feeding 
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2015;61 Suppl 1:S16–9.5.
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Target weight gain*?

 ■ Standardized fortification 

 ■ Monitor growth

Yes

 ■ Increase intake up to 180–200 mL/kg/day if well-tolerated 

 ■ Standardized fortification 

 ■ Monitor growth 

Target weight gain*?

No

Target weight gain*?

No

 ■ HM 180–200 mL/kg/day 

 ■ Standardized fortification 

 ■ Monitor growth

Target weight gain*?

Yes No

*Target weight gain, median (min., max.) 

 ■ 24–32 weeks: 20 (19–21) g/kg/day 

 ■ 33–37 weeks: 17 (13–19) g/kg/day 

 ■ 38–41 weeks: 9 (8–11) g/kg/day

Adapted from Fenton and Kim [4], 2013 and 
Landau-Crangle et al. [5], 2018

Adjustable 
fortification

Targeted 
fortificationOR

Serum urea 
<3.5 mmol/L 

Yes No

Add 
protien

Add 
energy

Milk composition 
assessed 1/week 
+ adapted milk 

fortification (protein 
and/or energy)

Yes

Target weight gain*?

No

Yes

 ■ HM 180–200 mL/kg/day 

 ■ Standardized fortification 

 ■ Monitor growth

Yes

Individualized fortification

Standardized fortification 
until full enteral feeding (160–180 mL/kg/day) 

Proposition of strategy for human milk (HM) fortification in very preterm infants.

Table. Protein, energy, calcium and 
phosphorus contents of unfortified 
human milk from mothers who 
delivered before term or at term, 
and recommended intakes in 
preterm infants
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Key messages:
Why Involve Parents
It is vitally important to strengthen parent-infant 
bonding and support parents in their role as primary 
caregivers. Feeding the newborn is a key area where 
parents can interact with infants directly and enter into 
their role as caregivers.

Before Birth and during the First Few  
Days of Life
Even before birth, lactation consultants should 
inform parents about colostrum and the possibility of 
administering it orally to infants who cannot be breastfed 
during the first few days of life. It is recommended to 
start expression as soon as possible, at best immediately 
after delivery to collect the colostrum.

During the first few days, parents are in shock and 
might ask repeatedly the same questions. It is helpful 
for staff and parents to hand out written information in 
readily understandable language.

Chapter 13: Involving Parents in Feeding Their Preterm Infants
Silvia Kolossa, Silke Mader, Johanna Pfeil, Luc J.I. Zimmermann

How to inform parents 

What Written, oral, videos, websites of  
parent organizations 

Where Private atmosphere, separate room, 
parent meetings in support groups 

How Easy words, calm, as an equal, probably 
involve nurses, time for questions 

When an infant is born prematurely, parenteral or tube 
feeding might be necessary. This may leave the parents 
with the feeling of being unable to care for their infant. 
Parents should be encouraged to perform skin-to-skin 
care, which helps infants as well as mothers to develop 
feeding abilities and stimulates the milk production. 

Parents can additionally be involved in oral care  
with colostrum.

One of the major concerns of mothers regarding 
expressing milk in the NICU is the lack of privacy, 
which can lead to early termination of milk expression 
or breastfeeding. At the very least, mothers should be 
able to protect their privacy with a curtain.

Parenteral and Tube Feeding
Parents are generally not aware that the mother’s own 
milk can be fed by tube. In this context, parents should 
be informed about any kind of fortification their infant 
needs. They can also be involved in handling the tube 
feeding system and feeding their infant, e.g. during 
skin-to-skin care.

Transition to Breastfeeding
There is a training need for experts to learn how to 
support mothers in breastfeeding and the parents in 
feeding their baby correctly. 

Although breastfeeding is the gold standard, it may 
not be possible or may be too stressful for the mother. 
Her decision not to breastfeed should be respected, 
as trying to change her mind may increase stress and 
cause stigmatization.

Transition from Hospital to Home
The medical staff can help parents to gain  
confidence by preparing an individual discharge 
and education plan.

Chapter 12: Quality Standards for Human Milk Banks
Sertac Arslanoglu, Guido E. Moro

Key messages: 
Human Milk Banking Overview
Mother’s Own Milk (MOM) is the gold standard in 
preterm infants feeding. Donor human milk (DHM) is 
the next-best choice when MOM is unavailable  
or insufficient.

DHM feeding decreases the incidence of  
necrotizing enterocolitis (NEC), improves feeding 
tolerance in preterm infants when compared 
to formula, and is associated with increased 
breastfeeding at discharge.

 Practice tip 1: 
The donation of HM must be voluntary and unpaid

Human Milk Banking Procedures
An appropriately designed quality assurance plan 
to cover all steps of HM banking is the key, and the 
HACCP system is recommended. 

 Practice tip 2: 
Written informed consent must be taken both from 
the donors (for the blood testing and the use of 
DHM) and from the parents of the recipient (for 
acceptance of DHM).

 Practice tip 3: 
Training of all donors in hand washing and hygiene 
for expressing, handling, storing, cooling, freezing, 
and transporting HM is essential.

 Practice tip 4: 
For the currently used pasteurization method (HoP) 
the recommended temperature and time are 62.5° 
C for 30 min followed by rapid cooling to at least 
10° C and preferably 4° C.

Delivery of Donor Milk to the Recipient
Prioritization of recipients should be locally determined 
(e.g., preterm infants ≤32 weeks, or very low birth 
weight infants.)

Optimization of the fortification is the key factor to 
promote proper growth for preterm infants. Adjustable 
or targeted fortification regimens are recommended.

References
1. Quigley M, Embleton N, McGuire W. Formula versus donor breast milk for 

feeding preterm or low birth weight infants. Cochrane Database Syst Rev. 
2019;7:CD002971.

2. Arslanoglu S, Corpeleijn W, Moro G, Braegger C, Campoy C, Colomb V, 
et al; ESPGHAN Committee on Nutrition. Donor human milk for preterm 
infants: current evidence and research directions. J Pediatr Gastroenterol 
Nutr. 2013;57:535–42.

3. Moro GE, Billeaud C, Buffin R, Calvo J, Cavallarin L, Christen L, et al. 
Processing of donor human milk: update and recommendations from the 
European Milk Bank Association (EMBA). Front Pediatr. 2019;7:49.

Caveats:

 ■ Informal milk sharing, or donor milk outside of an 
established HMB operating based on the standards 
mentioned above is not acceptable for the feeding 
of preterm infants. 

 ■ Bereaved mothers should not be excluded from  
milk donation.

 ■ Cytomegalovirus seropositivity is not a 
contraindication for milk donation, provided that 
DHM undergoes HoP. 

 ■ Exposure of HM to sunlight and/or phototherapy 
lights must be avoided.
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Example of standardized feeding 
protocol and data collection tool from 
the authors’ institution.

Caveat: Current standardized feeding protocols could 
be improved by allowing for greater customization, 
accounting for patients’ unique characteristics such 
as degree of in utero growth restriction, extent of 
placental insufficiency prior to birth, birth weight 
category (e.g., birth weight <750 vs. ≥750 g), degree 
of cold stress experienced at birth, prior exposure to  
antibiotics, or degree of anemia.

Caveat: Increasing energy intake of breastfed preterm 
infants by preferential use of hindmilk, or by adding 
oil or carbohydrates to human milk feeding without 
adding protein, is not recommended since it usually 
promotes only fat deposition but not gain of lean 
body mass, length, and head circumference. 

Feeding Nutrient-Enriched Formula  
after Discharge
For very preterm infants who are not or not fully 
breastfed, a provision of nutrient-enriched formulas at 
discharge frequently improves growth. An increased 
protein supply of 2.5-3 g/100 kcal until a corrected 
age of about 6 months resulted in higher mean gains 
of lean body mass, length, and head circumference. 

Refrences
1. Lapillonne A, O’Connor DL, Wang D, Rigo J. Nutritional recommendations 

for the late-preterm infant and the preterm infant after hospital discharge. J 
Pediatr. 2013; 162(3 Suppl):S90–100.

2. Teller IC, Embleton ND, Griffin IJ, van Elburg RM. Post discharge formula 
feeding in preterm infants: a systematic review mapping evidence about the 
role of macro-nutrient enrichment. Clin Nutr. 2016;35:791–801.

3. O’Connor DL, Unger S. Post-discharge nutrition of the breastfed preterm 
infant. Semin Fetal Neonatal Med. 2013;18:124–8.

Chapter 15: Feeding after Discharge
Berthold Koletsko, Zhenghong Li

Key messages: 
At hospital discharge, very preterm infants tend to 
have higher nutrient needs than infants born at term 
and are at increased risk of growth faltering. 

Breastfeeding and Human Milk Feeding
Breastfeeding after discharge should be actively 
promoted and supported. 

 Practice tip 1: 
Human milk fortification in breastfed preterm 
infants after discharge to home is feasible, without 
apparent interference with breastfeeding success 
or other adverse effects. 

 Practice tip 2:  
Fortification may be administered with alternating 
breastfeeding and feeding of pumped fortified 
milk, or with providing dissolved fortifiers through 
a finger-feeder to infants feeding at the breast. 

 Practice tip 3: 
Partially breastfed infants may receive alternating 
breastfeeding and feeding of nutrient-enriched 
preterm formula or post-discharge formula.

 Practice tip 4: 
Nutrition and growth of very preterm infants should 
continue to be closely monitored after discharge.

Recommended Nutrient Supply

Current body weight Protein supply 

1,500–2,000 g 3 g/100 kcal

2,000–2,500 g 2.6 g/100 kcalRisk of Adiposity by Increasing Energy Supply 
with Provision of “Empty Calories”
An excessive supply of “empty calories” can  
induce rapid weight gain with increased body 
fat deposition, which is a risk factor for insulin 
resistance that predisposes to the development of 
later metabolic syndrome and an increased risk for 
noncommunicable diseases such as diabetes and 
cardiovascular disorders.

Key messages: 
Standardization
Standardization in health care decreases practice 
variation and can lead to improved patient safety  
and care quality, increased efficiency, and greater 
cost-effectiveness. 

The design, implementation, and maintenance of 
a standardized feeding protocol requires broad, 
multidisciplinary effort with engagement of all 
stakeholders including medical providers, dietitians, 
lactation consultants, and parents.

Elements of the Enteral Feeding Approach 
That Can Be Standardized
Standardized feeding guidelines should address what 
to feed, when to feed, how much to feed and how 
quickly to advance, contraindications to initiation and 
advancement of feedings, and timing and method of 
fortification. 

Implementation of Standardized  
Feeding Guidelines
Implementation of standardized feeding protocols 
in the NICU is a simple and inexpensive intervention 
that has resulted in improved outcomes including 
decreased days to regain birth weight, decreased 
days to achieve full enteral nutrition, reduction in 
cumulative energy and protein deficits, improved 
growth, and decreased rates of sepsis and NEC. 

Implementation of a standardized feeding protocol 
requires consensus building, use of quality 
improvement methods to adapt local systems 
and workflow to allow for implementation, and a 
commitment to measure and monitor compliance  
with the guideline and analyze failures.

Chapter 14: Standardized Feeding Protocols: 
Evidence and Implementation
Heather C. Kaplan, Brenda B. Poindexter
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 Practice tip: 
Engagement with and involvement of the strongest 
critics in the unit is helpful to secure “buy-in” of 
standardized feeding protocols.

QR code

Introduction of Complementary Feeding
Early introduction of complementary feeding  
in preterm infants might achieve benefits for growth, 
but available data are limited and do not  
allow firm conclusions. 
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Key messages 
Early initiation of enteral feeding has many clinical 
benefits and can reduce the risk of complications.

Eliminating routine gastric residual evaluation and 
limiting its use only to those infants with symptoms 
of gastrointestinal dysfunction may increase enteral 
nutrition delivery.

No clear relationship between the intervals and 
modality of feeding administration (continuous vs. 
bolus) and feeding intolerance has been established.

Each neonatal unit should implement written  
feeding protocols.

Chapter 16: The Practice of Enteral Nutrition in Very Low 
and Extremely Low Birth Weight Infants
Valentina Bozzetti, Camilia R. Martin
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 Practice tip 1:  
Initiation of enteral nutrition

 ■ Early initiation of enteral feeding, especially 
using breast milk, provides clinical benefits: less 
parenteral nutrition, lower rates of late-onset 
sepsis, and less gastrointestinal inflammation.

 ■ Benefits of early trophic feedings (< 25 mL/kg/
day): triggers the induction of gastrointestinal 
function and maturation, stimulates enteric 
hormone release, and decreases feeding 
intolerance.1

 ■ Caveat: 
 – Duration of trophic feedings, and when it 
is safe to progressively increase feeding 
volumes, are still a matter of debate.

 – There is uncertainty for feeding practices of 
ELBW infants as compared to VLBW.

 Practice tip 2:  
Special circumstances 

 ■ Trophic feedings (or even enteral volumes >60 
mL/Kg/day) during medical treatments that may 
interfere with intestinal perfusion (indomethacin) 
seem to be safe.2

 ■ The presence of umbilical catheters or 
the infusion of pressor agents are not 
contraindications to initiate enteral feeding. 

 Practice tip 3:
Feeding advancement

 ■ Advancing cautiously the rate of feeding 
volumes at more than 24 mL/kg/day (up to  
30-40 mL/kg/day) seems not to increase the 
risk of NEC or death in VLBW infants vs slower 
feeding rates.3

 ■ Caveat: 

 – These conclusions may not be generalizable 
to high-risk infants, especially extremely 
premature, or unstable infants. 

 Practice tip 4:
Feeding Administration 

 ■ There is insufficient evidence to choose either 
2-hourly or 3-hourly feeding intervals for very 
preterm infants.

 ■ There is not enough support to determine 
whether bolus or continuous feeding is superior  
in clinically stable preterm infants or in cases  
with reflux.

 ■ It is necessary to re-evaluate the practice of early 
trans-pyloric feeding.

 ■ Caveat: 
 – An amount of the nutrients (fat and  
calcium) could be lost when feeding by 
continuous feedings.4

 Practice tip 5:
Assessment of feeding intolerance

 ■ Serial measurements of abdominal girth 
combined with physical examination of the 
abdomen looking for visible distention, 
abdominal wall erythema, abdominal tenderness, 
diminished bowel sounds, or blood in the stool 
can be a hallmark clue to the advent of NEC.
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Key messages: 
Parenteral Nutrition-Associated  
Cholestasis (PNAC)
PNAC is defined as cholestasis linked to prolonged 
delivery of parenteral nutrition (PN) in infants 
without documented intestinal failure but with other 
underlying risk factors such as severity of illness  
(e.g., extreme prematurity) and/or isolated congenital 
anomalies that prevent enteral nutrition.

Risk factors: longer PN exposure, low birth weight, 
necrotizing enterocolitis, abdominal wall defects, 
sepsis, etc. 

Mechanisms of PN toxicity
 ■ Increased daily average of IV dextrose1

 ■ Increased phytosterol levels correlate with 
direct bilirubin (DB) levels in infants with PNAC.2 
Phytosterols are found in soybean oil lipid 
(Intralipid™); SMOFlipid™ has lower concentrations 
and Omegaven™ only trace amounts

Management:
 ■ Identify infants at risk: Prolonged use of PN  
(> 2weeks)

 ■ Prevention:
 – Provide enteral feedings

 – Avoid prolonged PN exposure

 – SMOFlipid™: Current evidence does not support 
the switch of the maintenance of soybean 
oil (IntralipidTM) to SMOFlipid™ to prevent 
cholestasis3,4 and it is not approved by FDA for  
use in infants. 

 – Lipid restriction: Not consistent results 

 – Omegaven™: Not for prevention

Chapter 17: Prevention and Management of Parenteral 
Nutrition-Associated Cholestasis and Intestinal Failure-
Associated Liver Disease in the Critically Ill Infant
Lauren C. Frazer, Kathleen M. Gura, Julie E. Bines, Mark Puder,Camilia R. Martin

 ■ Treatment:
 – Omegaven™: a 100% fish oil lipid emulsion, 
approved by FDA for infants with PNAC; not 
approved for pediatric use in other parts of the world

 – Dose: 1g/kg/d if DB >2mg/dL and it is not 
anticipated that the infant will be weaned off 
within a short period of time. If poor growth or 
essential fatty acid deficiency (EFAD), consider 
increasing dose to 1.5g/kg/day.

 – Risks: Decrease of ARA levels 

 – The data to support SMOFlipid™ to treat PNAC is 
not conclusive and may confer risk (EFAD) if given 
at <2g/kg/d. If used the dose should be at least 
2.5g/kg/d  

Intestinal Failure Associated Liver  
Disease (IFALD)
Definition:6 

 ■ IFALD: disease manifested by cholestasis in infants 
requiring prolonged PN, and have intestinal failure, 
liver injury and the failure to transition to full enteral 
nutrition. In infants the most common cause is short 
bowel syndrome.

 ■ Prevention:
 – Enteral feeds (human milk or hydrolyzed formula) 
as soon as possible (see table).

 – Limited data support the use of SMOFlipid™  
(at least 2.5g/kg/d) as a long-term strategy5

 ■ Treatment: 
 – Omegaven™ if DB level of ≥2 mg/dL  

 – Risks: ARA deficit

 ■ Additional considerations:
 – Prompt consultation with hepatology 

 – Adjunctive management: Ursodiol, glucagon-like 
peptide-2 (> 1 year of age)

 ■ Vitamin E
 – The role of vitamin E in lipid formulations should 
be considered as it provides protection and 
supports resolution in IFALD. Intralipid has the 
lowest concentrations of vitamin E
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Suggested guidelines for enteral feeding advancement in the infant with intestinal failure 

Feeding advancement principles 

 ■ Quantify feeding intolerance primarily by stool or ostomy output 

 ■ Assess tolerance no more than twice per 24 h; advance no more than once per 24-h period

 ■ Ultimate goals: 150–200 mL/kg/day, 100–140 kcal/kg/day 

 ■ If ostomy/stool output precludes volume advancement at 20 cal/oz for 7 days, then increasing caloric density of 
the formula can be performed 

 ■ As feedings are advanced, parenteral nutrition should be reduced such that weight gain velocity is maintained 

Guidelines for feeding advancement 

Stool output 

     If <10 mL/kg/day or <10 stools/day 
     If 10–20 mL/kg/day or 10–12 stools/day
     If >20 mL/kg/day or >12 stools/day 

➔ 
➔

➔

advance rate by 10–20 mL/kg/day
no change 
reduce rate or hold feeds1

Ostomy output 

     If <2 mL/kg/h 
     If 2–3 mL/kg/h 
     If >3 mL/kg/h 

➔ 
➔ 
➔

advance rate by 10–20 mL/kg/day 
no change 
reduce rate or hold feeds1 

Stool-reducing substances 

     If <1% 
     If 1%
     If >1%

➔ 
➔

➔ 

advance feeds per stool or ostomy output
no change 
reduce rate or hold feeds1 

Signs of dehydration 

     If absent 
     If present

➔ 
➔ 

advance feeds per stool or ostomy output 
reduce rate or hold feeds1 

Gastric aspirates 

     <4 times previous hour’s infusion 
     >4 times previous hour’s infusion 

➔ 
➔ 

advance feeds 
reduce rate or hold feeds1 

NB: oral feeds may be offered as follows 
1 Infant is developmentally able to feed by mouth 

2 One hour’s worth of continuous feeds may be offered orally twice or 3 times a day after 5 days of continuous feeds; during this time, tube 
feeds should be held 

3 More than 1 hour’s worth of continuous feeds may be offered orally once the infant has reached full volume of feeds by continuous route 
and is demonstrating weight gain at least 7 days have passed on the feeding advancement protocol 

Table adapted from Brenn et al. [7] and printed with permission from Gosselin and Duggan [8]. 1 Feeds should generally be held for 8 h, then 
restarted at 75% of the previous rate. Supplemental intravenous fluids may be needed.


