
Global Guidelines for the Nutritional Care of Preterm Infants 
2022 Symposium 

 Course Transcript  
Overview 
Berthold Koletzko, MD, PhD, and Brenda B. 
Poindexter, MD, MS, are lead expert contributors to 
the updated and expanded 2nd edition of the global 
guidelines for the Nutritional Care of Preterm Infants. 

Improved care for premature infants has increased 
survival rates in very low and extremely low-birth-
weight infants. Recent evidence related to nutritional 
requirements contributes to improved long-term 
health outcomes for premature infants. In this course, 
filmed at a live symposium, Dr. Koletzko and Dr. 
Poindexter present key nutritional needs, new lipid 
and protein requirements, and how to approach 
human milk fortification in premature infants. They 
discuss guidance for clinical application, while 
highlighting continued research opportunities to 
advance nutritional care of preterm infants. 

Target Audience 
This activity was developed for pediatricians, 
neonatologists, nurses, advanced practice clinicians, 
registered dietitians, and other healthcare providers 
involved in childhood health. 

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

• Apply expert nutrition recommendations for 
very low-birth-weight infants in your clinical 
practice based on 2021 preterm infant 
nutritional guidelines. 

• Identify areas in your clinical practice that will 
benefit from the latest preterm infant 
nutritional guidelines for enteral nutrition in 
very low-birth-weight infants. 

• Identify research opportunities to advance 
nutritional care of preterm infants. 

Faculty 
Berthold Koletzko, MD, PhD 
Else Kröner-Seniorprofessor of Paediatrics 
Ludwig Maximilian University of Munich 
Department of Pediatrics 
Dr. von Hauner Children’s Hospital 
LMU University Hospitals 
Munich, Germany 

Brenda B. Poindexter, MD, MS 
Chief, Division of Neonatology 
System Medical Director for Neonatology 
Marcus Professor of Pediatrics 
Children’s Healthcare of Atlanta and Emory University 
Atlanta, Georgia 

Accreditation and Certification 
The Annenberg Center for Health Sciences at 
Eisenhower is accredited by the Accreditation Council 
for Continuing Medical Education to provide 
continuing medical education for physicians.  

The Annenberg Center for Health Sciences at 
Eisenhower designates this enduring material for a 
maximum of 1.5 AMA PRA Category 1 Credits™. 
Physicians should claim only the credit commensurate 
with the extent of their participation in the activity. 

Annenberg Center for Health Sciences is accredited as 
a provider of continuing nursing education by the 
American Nurses Credentialing Center's Commission 
on Accreditation.  

A maximum of 1.5 contact hours may be earned for 
successful completion of this activity. 

Provider is approved by the California Board of 
Registered Nursing, Provider #13664, for 1.5 contact 
hours. To receive credit for education contact hours 
outside of the state of California, please check with your 
state board of registered nursing for reciprocity. 

Annenberg Center for Health Sciences at Eisenhower 
is a Continuing Professional Education (CPE) 
Accredited Provider with the Commission on Dietetic 
Registration (CDR). Registered dietitians (RDs) and 
dietetic technicians, registered (DTRs) will receive 1.5 



Global Guidelines for the Nutritional Care of Preterm Infants 

2 

continuing professional education units (CPEUs) for 
completion of this program/material. 

Provider number AC857 
Activity #170735 

Learners may submit additional evaluations of the 
quality of this program/material at 
QualityCPE@eatright.org. 

Disclosure Statement 
It is the policy of the Annenberg Center for Health 
Sciences to ensure fair balance, independence, 
objectivity, and scientific rigor in all programming. All 
faculty and planners participating in sponsored 
programs are expected to identify and reference off-
label product use and disclose any relationship with 
those supporting the activity or any others with 
products or services available within the scope of the 
topic being discussed in the educational presentation. 

The Annenberg Center for Health Sciences assesses 
conflict of interest with its instructors, planners, 
managers, and other individuals who are in a position 
to control the content of CE/CME activities. All relevant 
conflicts of interest that are identified are thoroughly 
vetted by the Annenberg Center for fair balance, 
scientific objectivity of studies utilized in this activity, 
and patient care recommendations. The Annenberg 
Center is committed to providing its learners with high-
quality CE/CME activities and related materials that 
promote improvements or quality in health care and 
not a specific proprietary business interest of a 
commercial interest. 

In accordance with the Accreditation Council for 
Continuing Medical Education Standards, parallel 
documents from other accrediting bodies, and 
Annenberg Center for Health Sciences policy, the 
following disclosures have been made: 

Faculty 
Berthold Koletzko, MD, PhD 
Speakers Bureau: Mead Johnson Nutrition, 

CAE Healthcare 

Consultant: Mead Johnson Nutrition 

Spouse Employer: Pfizer  

Brenda B. Poindexter, MD, MS, has no relevant 
financial relationships to disclose. 

The faculty for this activity has disclosed that there will 
be no discussion about the use of products for non-
FDA approved applications. 

Additional content planners 

The following have no significant relationship to 
disclose: 
Erin Allen, MS, RD, LDN (Dietitian Reviewer) 
Victoria Anderson (Medical Writer) 
William W. Hay, Jr, MD (Peer Reviewer) 
Heather M. Jimenez, FNP-C (Nurse Planner) 

Annenberg Center for Health Sciences 
Staff at the Annenberg Center for Health Sciences at 
Eisenhower have no relevant commercial relationships 
to disclose. 

The ideas and opinions presented in this educational 
activity are those of the faculty and do not necessarily 
reflect the views of the Annenberg Center and/or its 
agents. As in all educational activities, we encourage 
practitioners to use their own judgment in treating and 
addressing the needs of each individual patient, taking 
into account that patient’s unique clinical situation. The 
Annenberg Center disclaims all liability and cannot be 
held responsible for any problems that may arise from 
participating in this activity or following treatment 
recommendations presented. 

 This activity is supported by an independent 
 educational grant from Mead Johnson Nutrition. 

This activity is an online enduring material. It has been 
edited to meet requirements for online learning. 
Successful completion is achieved by reading and/or 
viewing the materials, reflecting on its implications in 
your practice, and completing the assessment 
component. 

The estimated time to complete the activity is 1.5 
hours. 

This activity was released on May 27, 2022 and is 
eligible for credit through May 27, 2024. 

Obtain CE/CME credit at pnce.org/Preterm-Guidelines 



Global Guidelines for the Nutritional Care of Preterm Infants 

3 

Contact Information 
For help or questions about this activity please contact 
Continuing Education:  
ce@annenberg.net 

Editor’s Note: This is a transcript of a live symposium presented in Denver, Colorado on April 24, 2022. It has been edited and condensed 
for clarity.

NUTRITIONAL NEEDS AND RECOMMENDED INTAKES FOR 
PRETERM INFANTS 

Berthold Koletzko, MD, PhD: I can’t 
tell you what a great pleasure it is to 
be, jointly with Brenda, here at a face-
to-face meeting. We wish, so much, to 
share with you some of the highlights 

of the exercise that we performed trying to review 
the current knowledge, the current evidence on 
preterm nutrition, and bring this together in a global 
consensus for recommendations for practical 
application. 

It builds on the previous great work that Reginald 
Tsang has provided. Many of you will know his 
books he produced since the 1980s, and we’ve been 
following his tradition, trying to translate science 
into practice. We had great support from Reginald 
Tsang, who wrote a chapter in this book, as well, on 
the historical perspective.1 

This is what we are going to touch upon: the 
nutritional needs, the protein requirements, lipid 
intake recommendation, what’s new in iron and 
vitamins, human milk and fortifiers, the practice of 
enteral nutrition, the need for multidisciplinary 
approach and audit, and feeding after discharge. 
We can only highlight some of the key points, but 
you will have the book available to look at in more 
detail when you go out at the end of the symposium 
and pick up a copy. 

Nutritional Needs 

Let’s start with nutritional needs and recommended 
intakes. Why are we so worried about this? We see 
there is increased attention to nutritional care of 

preterms. We’ve seen encouraging improvements 
in survival of preterms all over the world. You see 
here examples from China and the United States.2 
You can go anywhere in the world and see these 
positive developments. With that, the shift of our 
attention is moving. When I was starting my training 
in the NICU, our concern was survival and avoidance 
of acute complications. Pneumothorax was still a 
big thing at the time, or NEC [necrotizing 
enterocolitis], and now we are moving more and 
more to asking what is going to be the long-term 
quality of life and health of these babies. That gives 
us a greater focus on nutritional care because we 
know that markedly affects outcome. 

So, this was the key motivator for us to invest time 
and work into developing these new global 
recommendations that appeared at the end of last 
year, compiled by leading experts from around the 
world.3 We really tried to give this a global 
perspective because there are challenges in every 
country. We are focusing today more on the topics 
that are primarily relevant for practice in high-
income countries, but we have a lot of reference in 
the book to restricted resource environments 

https://pnce.org/Preterm-Guidelines
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because we believe that also in other parts of the 
world, we need to have practical approaches. 

We were quite thorough. We identified experts in 
the field who drafted a chapter, which was critically 
peer-reviewed by 2 external reviewers and 2 
editors, and then often completely revised. This was 
followed by a formal consensus process, with 3 
consensus recommendations, until we resolved all 
issues and had consensus on the 
recommendations. 

 
So, what has changed? A number of things have 
changed. We have put more emphasis on 
parenteral nutrition from the first day of life, 
increased needs of amino acids and protein along 
with phosphorus. Brenda will focus on that. The use 
of lipid emulsions early on and the higher supply of 
long-chain PUFA [polyunsaturated fatty acids], more 
emphasis on meeting protein needs, prioritize own 
mother’s milk with fortification, and more attention 
to feeding after discharge, among other topics. 

 

Let’s start with a case. This is Margarita, born at 28 
weeks with about 1,000 g of birth weight. If you look 
at what she is, she is 85% water; she is 10% protein; 
very little fat, 20 g of fat, very tiny little bit, and all of 
that fat is not subcutaneous fat, which is 
exchangeable, but it’s primarily structural fat. And 
basically, no glycogen. So, what does it mean? She 
does not have any energy stores that she can use, 
no subcutaneous fat, no liver glycogen. But if you 
don’t feed her, she will have to burn her protein for 
energy production to meet her energy needs. That’s 
why we call this a nutritional emergency. 

What does this mean? If she were to have been in 
the uterus for another week, she would have 
accreted about 2 g/kg a day more of protein. If she 
is in your NICU and is given a glucose infusion only, 
then within 1 week, she would have lost, relatively 
speaking, 22% of her protein.4,5 In other words, she 
would have eaten almost a quarter of her body, a 
quarter of her muscles, liver, brain tissue, all of that. 
That is something that certainly cannot be 
considered as an appropriate way to go. 
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We’re particularly concerned about this organ, 
which you all know well, grows extremely rapidly at 
the end of pregnancy and during the first postnatal 
weeks and months. So, if you think of Margarita, she 
has a brain of about 140 g, and by the time of term 
birth, it has grown to about 400 g. Huge increase in 
brain size, and, at the same time, the structure of 
the brain changes dramatically. At the time of 
Margarita’s birth, it looks like a coffee bean. At term 
birth, it should look like a walnut. All this needs a lot 
of energy and substrates. 

We all know from many studies, if you don’t feed 
babies, if you malnourish them, then the brain 
suffers. There’s a very impressive paper just 
published very recently by Katherine Bell from 
Boston who looked at what predicts brain growth, 
and she showed that lean body mass of the baby, 
of very preterm babies, predicted brain volume, 
white matter volume and white matter 
macrostructure, but body fat did not at all.6,7 So, it 
is the lean body mass that we need to push. It 

comes back to the topic of protein supply that 
Brenda is going to address. 

We tried to define the recommended nutrient 
intakes as those amounts that maintain normal 
growth, health, and development without inducing 
adverse metabolic stress. We built this on a 
systematic review of the scientific evidence. The 
limitation, of course, is for the different groups of 
preterm infants. We have limited evidence for a 
number of nutrients, and therefore we have 
considerable uncertainties on what is adequate 
intake. For most nutrients, the needs are related to 
weight gain velocity, and so we define here in the 
table what we consider desirable ranges of weight 
gain for different birth rate categories,8 but of 
course that is also based on some assumptions, 
because we still don’t know exactly what weight 
gain for which baby will lead to the best 
outcome. We can’t assume it is just the weight 
category at birth that will predict it, but we will 
assume there are other factors—another 
unresolved topic for future research. 

So, this is the concept on which we built those 
recommendations. A cross distribution of nutrient 
requirements in the population with the lowest 
threshold intake below. Almost certainly there 
would be a deficiency occurring—an estimated 
average requirement, which is the recommended 
intake for energy, and the reference nutrient intake, 
defined as the average requirement plus 2 standard 
deviations, which would be the adequate minimum 
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intake for almost all babies covering the needs of 
the population, basically, and then upper levels of 
safe intake. So, the acceptable range of intake is 
between the reference nutrient intake and the 
upper safe level.8 

 
Now, this is a nice model, but it’s not perfectly 
correct because we know, for some nutrients, the 
solution is not following a normal nascent curve, 
and we also have a lot of open questions. For 
example, defining the upper level of safe intake is 
not easy in preterm babies. So, we live with some 
assumptions. We live with some uncertainties in the 
way that we go forward. 

Again, we had a very critical process, which I 
mentioned before. We defined the level of 
consensus that you will find in the book depending 
on the percentage of votes at the consensus 
meeting that was supporting the respective 
recommendations.8 

Take-home messages: Reference nutrient intakes 

(and we state them in the book), refer to stable 
growing preterm infant populations, not individual 
infants, based according to body weight categories, 
most of them based on very low birth rate infant 
group. For most nutrients, needs are proportional 
to growth. Exceptions are, for example, water and 
fat. Nutrient intakes below these recommended 
values may be appropriate during the early 
postnatal phase prior to full feeding and during 
critical illness when the baby’s metabolism cannot 
really use and utilize a full supply. And finally, the 
numbers in the book will not be appropriate to each 
and every individual intake: consider the child with 
cholestasis, with fat malabsorption, with a large 
cardiac shunt. There will be cases that have 
different needs, so you still need to look at patients 
individually. 

 
We have enormous research opportunities, such as 
discussed by Dr. [Ariel A.] Salas, who has done great 
work in this area. We have technologies and 
methodologies today that allow us to explore 
nutrient needs without much burden on preterm 
infants, which will allow us to close the knowledge 
gap on nutrient needs in different subgroups of 
preterm infants. This will hopefully also relate the 
nutritional care and the details of that to outcomes, 
which I think is going to be a key question to guide 
our future practices. 
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We have a great diverse group of people here— 
neonatologists, researchers, and funding 
agencies—help to invest in studies that advance our 
knowledge on optimal nutrition in preterms to 
support optimal health and development. 

PROTEIN REQUIREMENTS OF PRETERM INFANTS 

Brenda B. Poindexter, MD, MS: 
Participating as an editor in this book 
has really been one of the best parts 
of my career. I think the first edition, 
when we all were able to meet in 

Munich and reach consensus, was a little more fun 
than the Zoom meetings this time, but hopefully, for 
the third edition, we can go back to an in-person 
format. 

I wanted to highlight some of the new 
recommendations for protein requirements of 
preterm infants. This is just a summary of the 
requirements where we landed for 
recommendations in the book.9 They are based on 
current body weight, and this is probably well-
known to most of you, but the protein requirements 
do change as gestation progresses. So, our tiniest, 
most immature infants have higher protein 
requirements than those who are approaching 
term. 

The second point I want to make is that protein 
requirements are higher if the baby is being 
enterally fed. We really do not have good data to 
support going above 3.5 g if the baby is receiving 
parenteral nutrition. 

We talk a lot about protein quantity, and I think that 
when we look at some of the studies that perhaps 
have not shown clear benefits to higher protein 
intake, one of the things I think a lot about is protein 
quality. It’s really sad that in the past 30 years we 
have not had any new products developed for 
parenteral amino acids. I think this is a really 
important area of research. And just remembering 
that none of our currently available amino acid 
solutions were, in fact, designed for preterm babies 
and especially not extremely low-birth-weight 
infants.  

The solutions we currently use were based to match 
plasma amino acid concentration of a term, breast-
fed infant. There are several amino acids that are 
essential, or conditionally essential, for the preterm 
infant, or just not able to be stable in the solutions 
we currently have.  

So, things like tyrosine, cysteine, to the extent that 
they’re limited in the amino acid products, may be 
hindering our ability to promote protein accretion 
by their absence.9 I think this is, in my mind, one of 
the most important future areas of research. And 
remembering that we’ve really never had any head-
to-head comparisons of different amino acid 
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solutions to look at longer-term outcomes, such as 
neurodevelopment. 

 
Early Fortification  

Dr. Koletzko showed the slide earlier talking about 
the baby in the case, and what would happen if we 
did not give parenteral nutrition from the 
beginning. This slide adds in the anticipated rates of 
protein accretion in purple if you gave 1 or 3 
g/kg/day. Just by starting some protein, we can limit 
catabolism. This really shows you the rationale for 
why we suggest starting approximately 3 g, as soon 
as possible after birth.10,11 We can’t quite meet the 
same rate of accretion that would have happened 
in utero, but we can come close, and we can 
hopefully prevent some of that deficit that can be 
really challenging to recoup. 

 
One of the other concepts that has become 
increasingly important is not thinking about 
parenteral intake in isolation from enteral. For a 

lot of reasons—we’ll talk about a little bit later—with 
the practice of enteral nutrition, it’s important to 
think about giving both parenteral and enteral. 
What we’ve done on this slide is giving you 3 
hypothetical differences in how you might approach 
parenteral nutrition, and then starting human milk, 
and fortification of human milk.  

 
So, to orient you, the darkest bars are protein from 
parenteral nutrition. The medium ones are protein 
from human milk, and then the darker gray ones are 
protein from fortifier. In the first slide on the left, 
you’re starting parenteral nutrition immediately; 
you’re starting human milk on that first day but 
waiting to fortify until the second week of life. Then 
you contrast that with the graph on the far right, 
which is showing earlier fortification and continuing 
parenteral nutrition a little bit longer. You can see 
that over that week to 2 weeks, you’re having a 
substantial difference in the amount of protein 
intake. In this example, it’s up to 1.6 g/kg/day. 

 As you’re thinking about starting early parenteral 
and enteral nutrition, a key takeaway is realizing 
that if you’re not starting early fortification, and 
you’re tapering parenteral nutrition early—and we 
all have to balance that risk of prolonged central 
lines and so forth—I think that’s a really vulnerable 
period where you may, inadvertently, not give as 
much protein as you’re intending. 
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Amino Acid Requirements 

We really don’t know a lot about individual amino 
acid requirements. I wanted to highlight a few that 
may be of importance, especially for future studies. 
Glutamine is one of the most abundant amino acids 
in human milk. There have been 12 different 
randomized clinical trials looking at glutamine 
supplementation. Unfortunately, we have found no 
consistent evidence or benefit for outcomes, 
including mortality, sepsis, NEC, and time to reach 
full enteral feedings. 

 
Arginine is one in which we have a few small 
randomized clinical trials that suggest a decrease in 
the risk of NEC and mortality. Taurine is the most 
abundant free amino acid in human milk and has an 
important role in intestinal fat absorption. But 
again, it has not been shown to have an effect on 
weight gain. It may be important for hepatic 
function, auditory and visual development in the 
preterm infant. 

Some of the key messages from this section are that 
parenteral amino acid supply for very preterm 
infants can start immediately after birth. I would say 
a minimum of 1.5 g/kg/day and can be increased to 
the 3.5 g in the next few days. In thinking about 
enterally fed preterm infants, they should receive 
3.5 to 4 g/kg/day. Again, this is contingent upon 
other macro and micronutrients being sufficient, 
and, as Bert said, this is a population 
recommendation. You may find individual babies 
who need a bit more than that. In the case of growth 

faltering, enteral protein intake can be further 
increased to 4.5 g/kg/day, but again looking at what 
are some of the other causes for suboptimal growth 
and addressing those. Then my personal 
recommendation is that we shouldn’t be tapering 
parenteral amino acid intake until you’re receiving 
at least 75 mL/kg of enteral. 

 
Future research priorities in this area include 
defining individual amino acid requirements. This 
may allow the development of a high-quality 
parenteral amino acid solution and may then give 
us a scientific rationale to eventually lower total 
protein intakes. I think the opportunity to study 
arginine supplementation to reduce the incidence 
of NEC will require a large, well-designed, 
randomized trial. As we’ve heard in many situations 
at this meeting, sometimes when we have some 
prospect of benefit in smaller studies that are 
inadequately powered, it’s an opportunity to finalize 
that question with a large RCT. 
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NEW LIPID INTAKE RECOMMENDATIONS FOR PRETERM 
INFANTS 

Berthold Koletzko, MD, PhD: Let’s 
look at the fats. It’s amazing how much 
lipid is deposited in the fetus during 
gestation. You see the increasing lipid 
accretion, 1 g/kg/day, going up to 

almost 6 g/kg/day at 36 weeks—a huge amount of 
lipids being deposited in the baby.12 

 
We don’t really have reason to define a strict upper 
and lower limit of lipid intake. Our guidance is based 
on the range we find typically in human milk, and 
we probably will learn more in the future. But 
clearly, there is a benefit of providing a high portion 
of the nonprotein energy as lipids, because it has a 
high density of energy without inducing a high 
osmotic load.  

We know if we give more calories from 
carbohydrates, then we would need to produce 
lipids de novo, which is energetically ineffective. You 
lose 25% of the carbohydrate energy if you convert 
glucose into fatty acids, and you also provide a 
nondesirable fatty acid profile. So, we think it’s 
advisable, for the time being, to go for a higher lipid 
intake similar to what you would provide with 
human milk. 

 Medium chain triglycerides [MCT] are better 
absorbed than natural fats, but they have less 
energy as the bar graph shows, about 16% less 
chemical energy per gram.12 Therefore, many 

studies have shown if you add more MCT, you don’t 
have a benefit in the population for energy balance 
and growth. You only have a benefit if you have 
severe fat malabsorption in cholestatic babies or in 
short-gut babies, or the like. 

 
Other characteristics of MCT are that they are 
rapidly oxidized; they enhance calcium absorption. 
We think the use in enteral feeding is optional; it’s 
not required, but if used, it should not exceed 40% 
of total fat intake. 

Long-chain PUFAs  

Now, the lipids topic that has received most 
attention is, of course, the long-chain 
polyunsaturated fatty acids. To wake you all up, we 
put in this very complicated question. Don’t get 
frustrated if you feel this is too difficult. The options 
are A: High amounts of omega-3 DHA are deposited 
in the growing fetal brain, followed by modest 
amounts of omega-6 ARA [arachidonic acid]. Option 
B: Preterm infants provided with adequate amounts 
of linoleic and alpha-linoleic acids synthesize 
sufficient arachidonic acid and DHA 
[docosahexaenoic acid] to cover their needs. Option 
C: Human milk content of DHA is pretty stable, but 
ARA content in human milk varies markedly with 
maternal intake of vegetable oils. Option D: Preterm 
infants should receive about .2% to .3% of their fatty 
supplies as DHA. And option E: Preterm infants 
should receive ARA intakes 1 to 2 times the intakes 
of DHA. Very difficult, but make a choice, please. If 
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you don’t know the answer, just take a random 
guess. 

  
Wow! We have a great distribution. Every question 
had some attraction for someone. So, A, yes, high 
amounts of DHA are deposited, but the amounts of 
ARA that are deposited are even higher. B, we have 
a lot of evidence now that you provide enough 
linoleic acid, infants cannot maintain their levels of 
arachidonic acid and DHA because the rate of 
disappearance from the plasma is higher than the 
rate of synthesis. C, the human milk content of 
arachidonic acid is pretty stable and does not 
depend much on maternal diet, whereas DHA is 
more variable and depends on maternal DHA 
intake. D, we don’t think .2% to .3% of fatty acids is 
sufficient for the preterm infant. We think preterm 
infants need something near 1% of DHA. And E, yes, 
we strongly advise that arachidonic acid intake 
should be at least as high as DHA—1 to 2 times the 
amount of DHA. I would go along with the majority 
that voted for E. 

Polyunsaturated Fatty Acids 

Let’s have a quick look at the long-chain PUFA. You 
know that polyunsaturated fatty acids, omega-6, 
and omega-3 are essential substrates that we need 
to eat on a regular basis to maintain health and 
body function. Very preterms—which was 1 of the 
questions—synthesize less of the LC-PUFA of DHA 
and other than they need for growth. The rate of 
synthesis is much lower than the rate of 

disappearance from the plasma in a growing 
preterm baby. If you calculate the fetal deposition 
in the baby in utero, then you would require about 
1% of fatty acids postnatal to match that accretion, 
along with arachidonic acid. RCTs all report safety 
when providing DHA and arachidonic acid. Some, 
but not all, report benefits from visual and mental 
development. And there’s 1 exciting trial, recent 
trial, that reconfirms a previous observation that 
they are associated with less retinopathy.12 

  
Brain Accretion  

This is the brain accretion in utero and after birth of 
the term infant for the first 2 years when the brain 
grows rapidly.13 You’ll appreciate that the accretion 
of arachidonic acid is even higher than the accretion 
of DHA, although most of us are always hearing 
about DHA—arachidonic acid is the neglected 
sister, oftentimes, in the public discussion. 
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This impressive study by Hellström randomized 
preterm babies to standard feeding or an added 
arachidonic acid and DHA in a 2:1 ratio, 100 
mg/kg/day of ARA and 50 of DHA.14 She found this 
reduced severe retinopathy by one-half, [which is] 
an amazing benefit, and when you look at the data, 
it is both ARA and DHA levels in serum that predict 
the reduction of retinopathy. 

  
Human milk always provides these fatty acids. If you 
look around the world, human milk on average 
provides .5% arachidonic acid and about .3% DHA.15 
If you look at CV, you see the variation of DHA is 
greater than that of ARA. Arachidonic acid in all 
populations around the world is stable, whether 
they have a high or low omega-6 intake, whether 
they have ARA found in their foods or whether they 
have a vegan diet, arachidonic acid changes very 
little. DHA, however, changes markedly with DHA 
intake from the mother. If she has a high fish 
consumption, then DHA goes up. 

 
Interestingly enough, arachidonic acid and DHA are 
correlated with each other in milk. You see, on the 
left, an old study we did in term infants’ milk in 
Germany;16 on the right, a recent study from 
Canada in milk for preterm infants, and the ratio is 
actually exactly the same: 1.8 times the amount of 
arachidonic acid on average than the amount of 
DHA.17 

 
Human milk provides LC-PUFA, but the amount is 
matching the needs of the term infant, not the 
needs of the preterm infants, which we believe 
would be matched by about 30 to 65 mg DHA per 
kilogram, and 50 to 130 mg arachidonic acid per 
kilogram a day. For mothers who provide breast 
milk for preterm infants, we advise to encourage 
them to eat oily fish regularly and to consider taking 
DHA supplements, about 1 g/day, which will 
enhance DHA levels in human milk to about 1%.  

If you choose a preterm infant formula, look for 
whether you can find a formula that has .5% to 1% 
of DHA with at least as much arachidonic acid as 
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DHA, following the model of human milk 
composition.12 

  
This is the summary. I won’t go through it; we’ll just 
say we also advise to provide preterm infants with 
choline and L-carnitine, but that is a given in human 
milk and also in modern preterm infant formula. 
You will find all the details in the book,12 so I won’t 
bore you with all the numbers in the table. 

  
Research opportunities: I think we have great 
opportunities to try to understand better what the 
optimal intakes of polyunsaturated fatty acids are. 
We have questions regarding the right amounts of 
linoleic acid and arachidonic acid, which require 
further study. Also, we realize more and more that 
human milk lipids are very different from the lipids 
in traditional infant formula. If you look at the panel 
on the left, you see that human milk is rich in 
triglycerides and oils, but also has this amazing tri-
layer of complex lipids around the milk fat globule, 
which contain a lot of bioactive substances. There 

are many indications now that these matter for 
outcome, for infection risk and for 
neurodevelopment. I think we need more studies to 
characterize the metabolism of biological effects 
and optimal intakes of these complex lipids and the 
other associated components of the milk fat globule 
membranes in human milk. 

  
WHAT’S NEW IN IRON AND VITAMINS 

Brenda B. Poindexter, MD, MS: The 
unfortunate news is there is not a lot 
new in iron and vitamins. I think 
probably we’ve all encountered some 
of the various shortages, and some of 

the challenges are what to do when the hospital 
runs out of certain products. We unfortunately do 
not have new studies to suggest a change in 
recommendations for iron from the previous 
edition of the book.18,19 For some of the younger 
folks in the audience, this would be a great path of 
study. 
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And important to point out that human milk will 
not meet the vitamin requirements of preterm 
infants, and this is one of the important reasons 
that fortification is needed. 

This was the consensus agreement for iron 
requirements, again looking at by birth weight and 
thinking about the start and the duration of the 
supplementation.20,21 

 
We know our preterm infants are especially 
vulnerable for iron deficiency and iron excess. We 
know they are born with lower stores at birth, they 
need iron for periods of rapid growth, and then 
most problematic is the amount of blood we insist 
upon taking from these infants for management.  

Iron in excess due to immaturity of antioxidant 
systems has been associated with ROP [retinopathy 
of prematurity] and BPD [bronchopulmonary 
dysplasia]. Iron supplementation lowers the risk of 
iron deficiency anemia, but again we don’t have a lot 
of studies evaluating neurodevelopmental 
outcome.  

We do know that there is no benefit in exceeding 
standard doses of iron, and iron is not routinely 
provided in parenteral nutrition, although some 
centers that routinely use erythropoietin might 
have a different stance on that. 

Monitoring Ferritin  

One of the newer recommendations, though, is 
related to the monitoring of ferritin. The consensus 
was that repeated measurements of serum ferritin 

are recommended. If low, then you could consider 
increasing iron from 2 up to 3 to 4 mg/kg during a 
limited period. If the level is above 300, to hold your 
iron supplementation until the ferritin falls back 
below this level. In our unit, especially in babies who 
have had repeated red blood cell transfusions, we 
have seen some pretty high levels. I think this is 
something that, at least in our units, wasn’t part of 
routine practice until very recently. 

 
Zinc is another interesting topic for research. We 
know that deficiency of zinc can be associated with 
poor growth, infection, skin rash, and possibly poor 
neurodevelopment. Recently there have been a few 
trials that have looked at a higher level of zinc 
supplementation with the impact on growth and 
NEC.22 I think this is an area where, perhaps with 
additional study, the recommendations may go up, 
but for right now targeting an enteral intake of 2 to 
3 mg/kg, and then 400 to 500 µg/kg in parenteral 
nutrition. 
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Vitamin dosage from supplementation studies have 
demonstrated improvement of clinical outcomes in 
preterm infants, vitamin intakes in preterm infants 
who do not manifest deficiency symptoms. The 
other way these recommendations come is, going 

 

 
back to term infants and looking at the 
concentration of vitamins in mature human milk, 
which may not be relevant for our sick or rapidly 
growing preterm infants.  

Human milk fortifiers do contain vitamins and are 
necessary to meet these requirements. When 
people ask, "Can we just add a single nutrient? Can 
we just add protein? Can we just add MCT to human 
milk?” I think this is an important part of making 
sure we’re giving the vitamins and microminerals 
from fortifier. 

Vitamin A is another topic that has been looked at 
in a number of trials. We recommend a daily enteral 
intake between 1300 and 3300 IU/kg/day. Again, 

human milk contains a lot, but not quite enough to 
meet that recommendation. Shown here is the 
amount that human milk fortifiers add. So, low 
vitamin A concentrations have been associated with 
BPD, respiratory infections, and ROP. The Cochrane 
review of looking at additional vitamin A 
supplementation has a small benefit on reducing 
the risk of death or oxygen requirement at 1 month 
of age and the risk of BPD with the number needed 
to treat of 15.23 For a while, when we had the IM 
[intramuscular] preparations, a lot of units were 
using vitamin A as a prevention strategy for BPD. 
Then, with some of the shortages of the product, 
that went away, and some of the newer analyses are 
a little more mixed about the effect. There are new 
studies coming out looking at enteral 
supplementation, as well. 

Key messages: an adequate supply of iron is 
required for optimal brain development, and, again, 
the recommendation to follow serum ferritin. Then 
looking at zinc status, especially in those babies who 
have had surgery, who have high gastrointestinal 
losses, such as through an ostomy. And then to 
remember preterm infants are born with low levels 
and reduced stores of fat-soluble vitamins. 
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Research priorities, looking at the higher dose of 
zinc supplementation, looking at adequately 
powered trials with clinically relevant outcomes to 
further refine intakes of microminerals and 
vitamins. Further research to look at the optimal 
doses and routes of administration of fat-soluble 
vitamins, especially vitamin A with a focus on 
preventing morbidity and mortality. 

HUMAN MILK (DONOR VS MOM’S OWN) AND FORTIFIERS 

Berthold Koletzko, MD, PhD: We’re 
all aware human milk has benefits for 
the preterm infants. Probably the 
most important one is the risk 
reduction for necrotizing enterocolitis, 

as shown here in this Cochrane analysis where the 
relative risk to develop NEC was almost twice as 
high in preterm infants receiving bovine protein-
based formula compared to human milk, with an 
NNT [number needed to treat] of 33.24 The result 
has changed the practices in neonatal units all over 
the world where there’s more and more emphasis 
everywhere to encourage mothers to provide 
human milk, and to support them. 

Yes, that’s great, but we also know human milk has 
limitations. It is designed by evolution for a healthy 
term baby, not for a preterm. We discussed that 
already with the long-chain PUFA content, and it’s 
also true for the protein content. If we think of a goal 
for a preterm infant of having about 2.5 g/dL of milk 
of protein as the minimum to reach the amounts 
that Brenda has shared with you previously, we see 
that the typical amounts in human milk are lower, 
and they decline very rapidly with increasing lengths 
of lactation. So, in colostrum, the protein is higher, 
but then, in transitional milk and mature milk, it 
keeps falling. To match the needs of preterm 
babies, we really need to add human milk fortifier 
with protein and other nutrients that Brenda 
already alluded to. 

 
We know protein fortification is beneficial. Another 
Cochrane review based on 6 RCTs, not a huge 
number, 200 preterms. You can see that the 
fortification of human milk improved weight gain by 
almost 4 g/kg/day.25 More importantly, length and 
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head circumference gain, which is really a measure 
directly of the lean body mass we would like to 
achieve. And, there’s no adverse effect, no increase 
of necrotizing enterocolitis, no other adverse effects 
of adding fortifier to human milk—a topic that is 
raised again and again: Are we not harming the 
baby with the fortification? We have no evidence 
from available studies that this would be the case. 

 
There is also an interesting study by Dr. Salas, here 
in the room, showing that adding extra protein—
this was about 1 gram more per 100 kcal—had a 
benefit for growth, for enhancing lean body mass 
gain, fat-free mass, length, and head circumference 
gain without enhancing fat mass.26 So, exactly what 
we would like to achieve. Adding protein to human 
milk matters! 

 
We have concluded that there’s no conclusive 
evidence for the benefit of human milk-based 
fortifiers.27 There are a lot of claims made based on 
studies that have a study design that is not really 

clean, where there is an intervention group of 
babies fed human milk plus human milk fortifier, 
and a control group of babies fed human milk plus 
a bovine fortifier, plus bovine protein formula. You 
mix 2 interventions, not only the difference in the 
fortifier, you can’t draw conclusions about what the 
effect of the fortifier is. There is only 1 clean study 

 
I’m aware of, by Dr. O’Connor in Toronto, who has 
randomized human milk-fed babies to human milk 
or bovine fortifier. She finds absolutely no benefit of 
the human milk fortifier. Probably a question that 
needs to be followed up. 

Fortification of human milk is required. We 
always advise to do this for preterms below 1800 
grams. Start full-strength fortification between 50 
and 100 mL/kg/day of enteral feeding.28 That’s a 
wide range, and we really couldn’t agree on a 
narrower range because of lack of data. Some 
people do it regularly with 50cc and see this is going 
well, but there is a difference of opinion here. We 
recommend, as a standard, the bovine protein 
multicomponent fortifiers, because we see no 
evidence for a greater benefit of human milk-based 
fortifier, but of course [there is] a much higher cost. 
And again, aim for protein intakes above 3 
g/kg/day. And the last line is really for research-
restricted environments where people have no 
access to fortifier where formula powders have 
been used as a second-best choice to fortifier. 
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Now, the problem with fortification is that human 
milk is enormously variable in protein content. You 
see, again, what you’ve seen before, the decline of 
the protein content. It’s high in colostrum and falls 
very rapidly with advancing duration of lactation, 
but at each and every point you find enormous 
variation between milk samples.29 That limits the 
benefit of adding one of the same dose of fortifier 
to every human milk dose you have been provided 
by the mother. 

So, what are the options? One way is to analyze 
human milk composition with infrared 
spectrometry. Then, based on the measured 
protein content of your milk, you add a dose that 
matches your goal. You see this study by the Fusch 
group who shows you on the left panel that 
standard fortification gives you a wide range of 
different protein amounts, and, with targeted 
fortification, you can achieve something very close 
to your goal.30 

The other opportunity, if you don’t want to invest in 
an expensive machine to measure the human milk 
composition, is to follow the concept of Dr. 
Arslanoglu and measure blood urea nitrogen in 
your baby,31 which is a good measure of protein 
metabolism. Basically, her concept is to start with 
the standard fortification and then measure blood 
urea nitrogen twice a week and, depending on the 
categories of the blood urea nitrogen that you see 
in the panel, leave the fortification as it is or go up 
and down one step with the concentration of your 
fortifier.  

You see that with individualized fortification, in 
orange, with closer to your target supply. It takes a 
bit longer than if you measure human milk 
composition, because then you can react more 
quickly, but you can get there. She shows there’s a 
benefit for growth using that approach. There was a 
significant improvement of weight gain and head 
circumference gain and a trend to higher length 
gain as well with this adjusted fortification. 
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Donor Milk 

Finally, donor milk is good. It also reduces 
necrotizing enterocolitis. [There are] good 
randomized trials that have compared donor milk 
with formula. It’s effective, but still, it’s not the same 
as mother’s own milk. You can see here a study 
documenting in preterms between 20 to 36 weeks 
postconception age32 that those given donor milk 
had a more rapid feed advance, but slower growth, 
lower standard deviation of weight at discharge.  

 
So, lower weight gain with donor milk. Why is that? 
It’s probably because donor milk typically is 
collected at a later time point in lactation. It’s more 
diluted; it has less protein; and also some other 
nutrients are lower than the mother’s own milk that 
is collected typically at an earlier stage of lactation. 

Another study that shows the same: single-center 
retrospective study in 300-plus infants below 32 
weeks.33 For each 10% more donor milk given 

compared to own mother’s milk, there was .2 
g/kg/day less weight gain and also significantly 
lower adjusted head circumference gain. 

Donor milk is good, but it’s not the same as mother’s 
own milk. We really need to try everything we can to 
encourage and support mothers to provide their 
own milk. It’s also saving us money compared to 
investing a lot of money in milk banks. 

There is another interesting observation, which I 
think needs follow-up, but it raises questions from 
Boston [Madore et al], who compared the cognitive 
outcome at 1 and 2 years based on Bayley III.34  

 
You see here that donor-milk-fed infants performed 
worse than infants given their own mother’s milk. It 
is, of course, possible that there’s other 
confounding factors, so I don’t think we can call this 
a conclusive study, but if they grow less, we certainly 
have a plausible hypothesis that also could have 
other effects on mental development. 
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Clearly, fortified mother’s own milk is the best 
option for preterm infants. Donor human milk 
from a milk bank, with established safety standards, 
is the second-best choice, but it is not the same as 
mother’s own milk. The key benefit again, for both, 
is risk reduction of NEC.35,36 

 
What do we want to do if we promote mother’s 
own milk? We should encourage mothers to initiate 
milk expression soon after birth. There’s an 
interesting RCT that shows it doesn’t really matter 
whether this is happening within the first hour, 
within the first 6 hours, or between 3 and 6 hours 
after birth, so no stress. You can take it easy, but still 
try to do it in the first hours after birth.36 Frequent 
milk expression at least 4, up to 7 times a day, was 
shown to be associated with longer duration of milk 
production and greater milk volumes. We clearly 
should discourage informal milk sharing for all the 
reasons known to you.  

If you want to succeed, each and every unit needs 

to establish its own protocol involving all staff and 
engage in parent education on milk pumping, 
handling, cleaning, milk storage handling, and 
transport. Only if you have a written guideline and 
have everybody on board, and have the 
enthusiasm, will it actually work. 

We have a lot of research needs in this area. We 
know that much nutrient fortification improves 
growth in the unit, but we have very little data on 
the long-term effects. Does it affect 
neurodevelopment, other long-term outcomes, and 
is there a difference in how we approach 
fortification? We need more evidence on the timing 
of introducing fortifier. Emphasize we have this 
wide range 50 to 100 because we don’t have 
sufficient data. We have questions whether it is 
beneficial for infants postdischarge to use routine 
fortification and, if so, for whom and for how long. 
And then again, we have an open question 
regarding the choice of fortifiers, human milk, 
bovine milk, and other compositional aspects of the 
fortifiers.37 So, we need to invest more work in this 
area. 

ENTERL NUTRITION IN VERY LOW AND ESTREMELY LOW-
BIRTH-WEIGHT INFANTS 

Brenda B. Poindexter, MD, MS: I’m 
going to go over some of the 
recommendations for the practice of 
enteral nutrition, and then I’m going to 
highlight some of the new chapters in 

the book on involving parents, having 
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multidisciplinary teams, and standardized feeding 
protocols. 

We know that enteral nutrition and postnatal 
growth of preterm infants are linked with outcomes, 
but few intervention studies to promote growth in 
the NICU have provided information on later 
outcomes. As I mentioned, we know that 
standardized feeding protocols do improve 
outcomes, and simply having a feeding protocol is 
probably more important than the individual 
specifics of that protocol.38,39 

  
Evidence-based Guide to Enteral Feeding  

We’re going to review current evidence to guide 
enteral feeding among our preterm infants. The 
timing of initiation of enteral feedings, I think it’s 
very clear that the benefits of early feeding are well 
established, and the early introduction of human 
milk reduces the need both for parenteral nutrition 
and the risk for late-onset sepsis. The Cochrane 
review that compares early vs late introduction of 
feedings found that waiting to introduce feedings 
did not reduce the risk of NEC.40 As with many of 
these studies, the number of very, very tiny babies, 
immature babies, is small. I think that another 
previous-viewed contraindication to starting 
feedings is the presence of umbilical lines. I think we 
do have good evidence now to suggest that really is 
not a contraindication. 

 
So again, Dr. Salas is in the audience and, in my 
mind, is really a rising star in nutritional research. 
He’s contributed to so many of some of our newer 
studies, so we probably need to have him at the 
podium next time. He did a great study where they 
looked at extremely preterm infants, less than 28 
weeks, and they randomized either to early 
progressive feeding without maintaining several 
days of trophics vs a more traditional 4-day course 
of trophics.41 The primary outcome was the number 
of full enteral feeding days in the first month. They 
looked at 36-week outcomes, including death, NEC, 
culture-proven sepsis and growth, and found that 
early progressive feeding, again without continuing 
trophics, increases the number of full enteral 
feeding days in the first month, reduced the 
number of days on parenteral nutrition, and, 
importantly, without an increase in NEC.  

 
We’re going to talk a little bit about the SIFT trial 
[Speed of Increasing milk Feeds Trial], as well. I think 
one of the challenges with our standardized feeding 
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protocols is how do we continue to modify them 
and update them as new evidence emerges. 

We’ve got an ARS question. I’m going to ask: You’re 
developing a standardized feeding guideline for 
your unit for VLBW infants. What rate of enteral 
feeding advancement would you like to incorporate 
into your guideline? Ten, 20, 30 per kilo per day or 
something else? It looks like the overwhelming 
majority would like to do 20/kg/day.  

Let’s look at some of the evidence. There has been 
a Cochrane analysis comparing slow (which by their 
definition was up to 24 mL/kg) vs faster, 30 to 40, on 
the incidence of NEC.42 This review was recently 
updated to include the results of the largest trial to 
date, which was the SIFT trial done in the UK with 
John Dorling’s group.43 There were almost 4,000 
babies included in this analysis. Not surprisingly, the 
infants who had the slower rate of feeding 
advancement took longer to establish full enteral 
feedings, but no significant effect on the risk of NEC 
or mortality. The primary outcome of that SIFT trial 
was looking at survival without moderate or severe 
neurodevelopmental impairment. They found no 
difference with the faster rate of advancement of 
30/kg.43 I think it’s interesting that we have this high-
quality data, and there still are many units that are 
not routinely using 30/kg as their rate of 
advancement. I will say that I think that rate of 
advancement is probably one of the most difficult 
things to get consensus on. So, in setting up a 
feeding guideline, I always tell people, don’t let 
perfection be the enemy of good. I’m happy if 
they’re advancing by 20, but I think that that is an 
area where you could go back and do a PDSA cycle 
to try. Maybe you start in the bigger babies and 
implement the 30, and then work your way down. I 
think that’s definitely an area where we could go 
back and change our guidelines. 

  
There’s very limited evidence on whether we should 
be starting with orogastric vs nasogastric. We have 
some observational studies of transpyloric feeding 
being associated with less frequent apnea and 
bradycardia and perhaps a lower risk of death or 
BPD.  

 
I think we worry about aspiration, especially in our 
babies who are having evolving BPD. But keeping in 
mind that transpyloric feeding is not physiologic, 
and especially if you’re giving fortified or higher-
osmolarity feedings can cause issues with dumping. 
I see a lot of units across the world routinely doing 
transpyloric feedings, and I think that is an 
opportunity for more studies in the setting of 
modern neonatal practice. 
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So, the dreaded gastric residuals. I think we can say 
equivocally that is not recommended in routine 
practice. There’s really no evidence to support the 
utility in the diagnosis of NEC, and Joe Neu has done 
a small, randomized trial where they randomized 
for routine checking of gastric residuals vs no, and 
found that the infants who did not have routine 
gastric residuals measured reached full enteral 
feeding sooner and had fewer central line days.44  

Again, I think that this is an aspect of our practice 
that can be incorporated into standardized feeding 
guidelines. It’s probably one of the most difficult 
because the bedside providers have long relied on 
this and are very skeptical that they’re not going to 
cause harm if they don’t check it. You may want to 
start with a very small scale, even 1 nurse with 1 
baby, and then expand it throughout your unit. 

Key messages: The primary objective of enteral 
nutrition is to meet nutrient needs, support growth, 
and limit the duration of parenteral nutrition. The 
timing of introduction and the rate of advancement 
of feedings does influence growth and later 
outcomes. And then balancing advancement of 
feedings with the negative effect of withdrawing 
enteral nutrition because of suspected feeding 
intolerance and the resulting risk of undernutrition. 

 
Some of the research priorities that we identified 
are that future randomized trials could provide 
more precise estimates of the effects of different 
nutritional strategies, such as intragastric vs 
transpyloric, bolus vs continuous. Then, like so 
many of our aspects of provision of nutritional 
support, we need more studies with the infants at 
the lowest gestational ages and birth weights and 
those with intrauterine growth restriction. 

  
MULTIDISCIPLINARY APPROACH AND AUDIT NUTRITION IN 
PRETERMS 

I am excited about the 3 new chapters we added to 
this edition of the book and want to talk a little bit 
about the multidisciplinary approach and auditing 
of nutrition. 

The overall theme is that nutrition is the 
cornerstone for improving neonatal outcomes, 
and we need to have a multidisciplinary approach 
to focus not only on macro and micronutrient intake 
guidelines, but also on the technical aspects and 
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some of the behavioral aspects. NICUs must 
implement policies, procedures, and guidelines that 
help to ensure safe and effective nutrition and to 
conduct regular audits to ensure high-quality 
practice. 

 
This is a table showing the different roles that 
multidisciplinary teams can have in your unit 
related to the provision of nutrition.45 I think this 
can be one of the most difficult things to advocate 
for in the system and to help to get resources to 
support all of these various parts of the team. 

Some of the evidence for multidisciplinary teams: 
it’s been shown to improve on the delivery of 
nutrients, improve growth, reduce duration of 
parenteral nutrition, and reduce the length of NICU 
stay. We know that multidisciplinary teams that 
develop standardized feeding protocols and then 
actually audit the successful implementation may 
reduce rates of NEC, which can be upwards of half 
a million dollars per case.46,47 

Various bodies are great resources. The European 
Foundation for the Care of the Newborn Infant, AAP 
Guidelines for Perinatal Care,48 these are all 
important resources you can take to your hospital 
administration to advocate for resources to give the 
people on these multidisciplinary teams the time 
and ability to perform this work. 

Some of the auditing guidelines: it’s really 
important, like with all quality improvement, to have 
specific, measurable, realistic, and time-related 
goals. These are just some of the examples given of 
things that you may want to consider. I would 
encourage you to go to that chapter in the book.49 I 
think it has a lot of great ideas for how to get 
started. 

 
Guidelines and Run Charts 

We know that just simply having a guideline isn’t 
enough. We can’t improve what we don’t measure, 
and so a lot of places will say, sure we have a 
guideline, I think it’s in a binder somewhere in the 
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back closet. This is just an example of a run chart. 
This was from work that I did with Heather Kaplan 
when I was in Cincinnati, and just measuring what 
percent of the infants followed the various bundled 
components of the feeding protocol.50 That can be 
important to learn, too, because if people aren’t 
following the protocol, it’s not always because 
they’re just being noncompliant. Sometimes, there’s 
learnings to be had there, and they may think of 
something, a concern, that maybe wasn’t identified 
when the guideline was drafted. 

Another important aspect of monitoring how you’re 
doing with the feeding protocol is understanding 
failures, because compliance failures may reflect 
appropriate customization for a particular patient’s 
characteristics. When we see someone not 
following the guideline, instead of scolding and 
saying why didn’t you follow this guideline, it’s more 
to say what was it about this patient in this 
circumstance that made you feel that a customized 
care was appropriate, because maybe that would 
be important to incorporate for other babies. 

 
Again, we may have missed considerations when we 
developed the protocol, and this may lead to 
revisions in the guideline. Sometimes, we haven’t 
had appropriate buy-in among the providers at the 
onset. I think that before you roll out a guideline, 
making sure that all the key stakeholders in your 
organization have had ample time to give buy-in 
and feedback. I would say also involving your 
biggest skeptic in the unit is important because if 
you can convince them, then they will be able to 
spread that throughout the unit. 

Thinking about what those barriers are to using the 
protocol or simply a lack of awareness. One of the 
important ways to look at failures in a protocol is the 
Pareto chart. It is based on the principle that 80% of 
the output in a system is based on 20% of the input. 
You organize from left to right the factors that are 
most prevalent to least prevalent. In this situation, 
32% of the reasons that people weren’t following 
the protocol were related to feeding intolerance.51 
That is then the area you go focus on. If you were 
thinking, well, this is really an access issue, you 
might be focusing on something that’s not going to 
result in as much improvement with trying to 
improve compliance of the protocol. 
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Some of the key messages: Implementation of a 
nutrition multidisciplinary team within the NICU is 
key to improving key outcomes for preterm infants. 
The design, implementation and maintenance of a 
standardized feeding protocol requires broad, 
multidisciplinary effort with engagement of all 
stakeholders, including medical providers, 
dieticians, lactation consultants, and parents.49 
These teams promote a holistic approach, and then 
regular audit of practice against standards of care 
ensures that outcomes are optimized and that key 
areas for improvement are identified. 

 

FEEDING AFTER DISCHARGE 

Berthold Koletzko, MD, PhD: Think 
of Margarita. Finally, she’s going 
home. She’s fully breastfed at the 
breast, everybody is happy, mother is 
happy. She thinks now I have a baby 

that feels like a healthy baby. Everybody in the unit 
is happy, but are the problems solved? Let’s 
remember, if she’s going home, she just weighs a bit 
more than half of the weight of a term baby. She has 
much lower nutrient stores and higher needs than 
a term baby. Unfortified breast feeding and 
standard infant formula would not be ideal to meet 
her nutrient needs. 

What we often see is something like this. A baby is 
going home on a reasonable percentile, but then if 
she’s at home, the weight doesn’t follow the 
percentiles as we would like.51 So, what do we do? 
Encourage the mother to feed more often, more 
volume? Some say add calories, add carbohydrates 
and oil through the feed. Is that a good idea? Well, 
not really. If you add empty calories, if you add 
carbohydrates in food, we dilute the essential 
nutrients behind the kilocalories. These extra 
calories will only produce more fat deposition, but 
not lean body mass deposition. That’s not really 
what we want because we don’t want growth with 
excessive fat deposition. 
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We know preterm infants at term, on average, are 
fatter than a healthy term baby. Some studies have 
even indicated they may be fatter in adulthood, 
although there is controversial data on that.  

Now what happens if a baby has more body fat? It 
basically has a higher likelihood of insulin resistance 
and metabolic disorders, increased risk of 
noncommunicable diseases in later life.52 We don’t 
want this to happen. 

 
The key predictor for body fat is a low protein to 
energy ratio. We want a higher density of protein 
and other essential nutrients in this baby. We don’t 
want empty calories to be added. 

  
We remember the calculations of Dr. Ziegler who 
showed us that a baby who goes home somewhere 
below 2,200 g of body weight will need about 3 g of 
protein per 100 kcal, and later on, between 2.2 and 
3 kg, about 2.6 g of protein per 100 kcal.53  

 
That’s much, much more than human milk will 
provide or standard infant formula. In those babies 
who fail to thrive after going home, we are 
challenged with the question, should we add extra 
nutrients, particularly extra protein?  
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So, if you look at the needs in the smaller or the 
larger baby on the left compared to providing own 
mother’s milk or donor milk, there’s a big gap in the 
protein needs. If we were able to add fortifier, we 
would improve the situation, or if we replace 
standard-term formula by a preterm formula or a 
postdischarge formula, we also improve the 
nutrient composition provided to that baby. 

 
Do we have evidence for that? This is a Cochrane 
review looking at 16 trials, 1,250 preterm infants.54 

 
There is a higher growth with preterm formula given 
after discharge, 80 kcal/dl higher protein, with 
improvement not only of weight but also, 
importantly, of length and head circumference, but 
very little evidence on other outcomes, like 
neurodevelopment. 

This is the summary of that Cochrane review.54 If 
you provide, after discharge, preterm or term 
formula, you have a benefit for weight gain, length, 
and head circumference gain. If you use a 
postdischarge formula with a term formula, which 
has a slightly lower protein content than the 
preterm formula, you also have a benefit, but the 
benefit is quantitatively smaller than giving a 
preterm formula after discharge. 

Importantly, it is the protein to carbohydrate 
ratio—the proportion of protein you give is the 
strongest predictor of the lean body mass 
achieved. So, the emphasis, like in the beginning in 
the unit, is on providing enough protein. You see 
here the effects on the lean body mass effect.55 

 
The conclusion is after discharge, up to about 2 kg 
per body weight, we should aim to provide about 3 
g of protein per 100 kcal. Between 2 to 2.5 kg per 
body weight, about 2.5 g of protein per 100 kcal.51 
This is particularly important in those infants who 
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have a poor growth curve after discharge, and, 
ideally, we would measure in the follow-up not only 
weight, but we would aim to measure body 
composition as well, which would give us better 
guidance. 

 
Research needs: We need to define optimal nutrient 
supply for growth and development because we 
don’t have enough data on the effects on outcome. 
We need to think about subgroups of preterm 
infants. Not everybody’s equal, particularly at 
discharge, if you have an AGA [appropriate for 
gestational age] or an SGA [small for gestational 
age] situation at discharge that would probably 
make a big difference, and also the preceding 
history. Define optimal fortification strategies for 
breastfed preterm infants after discharge. Some 
proposals have been made with finger feeding 
along with breastfeeding, which seems to work well. 
And define optimal strategies for timing and choices 
of complementary feeding, again for subgroups of 
preterm infants where at the moment we have very 
little evidence on what is appropriate. 

 
QUESTION & ANSWER 

Editor’s Note: This is a transcript of audience questions together 
with presenter responses from the April 24, 2022 symposium. 

If the availability of human milk fortifier (HMF) 
was not a problem at discharge, would you 
recommend that people use formulas to fortify 
the breast milk? Or do you think the HMF can 
actually not be good for them, meaning that has 
more calcium phosphorus than the discharge 
infant needs? 

Brenda B. Poindexter, MD, MS: I think that both 
approaches are valid. When I’m thinking about how 
to approach discharge nutrition, I try to look at 
where mom is in terms of making that transition to 
direct breastfeeding. If there are some direct 
breastfeeding attempts, then you have to think 
about whether they can fortify the remaining feeds 
and have successfully sent families home with the 
commercial HMF.  

I think other groups have taken an approach where 
they are using preterm formula to fortify the milk. 
Even if the baby had been growing nicely on 22 or 
24 cal feedings, if I know mom is actively working 
towards more attempts at the breast, I may go up in 
that situation to a 27 cal recipe because it’s a 
relatively lower amount of volume to balance things 
out. But in a lot of places, sending families home 
with a commercial HMF isn’t an option, but we have 
done that. I think it’s individualizing that and making 
sure you have close follow-up. I think that’s where 
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communication with the pediatrician who is going 
to be following the baby is so key, because 
oftentimes they don’t have as much of an 
understanding of how hard we’ve worked in the 
NICU to get the baby to finally grow, and it can 
sometimes discontinue some of the interventions 
we’ve started.  

We are checking ferritin levels for babies that 
have over 3 transfusions as a guideline, and I 
find myself having to stop iron a lot and then 
wait weeks for the ferritin to come back down. 
When we looked at all the ferritin levels, they 
didn’t correlate well with how many 
transfusions they received, especially after they 
received over 3. I’m worried about not providing 
enough iron to some of these babies, and if 
there isn’t a true iron overload phenotype I need 
to be looking for and what the threshold in 
evidence is with the ferritin levels? 

I feel like we’re representing all of the authors. 
Honestly, I don’t know the answer to that. I’ve seen 
that in some cases too where they’re just sky high 
and 3, 4 weeks go by, and they really haven’t come 
down. In that case, it may be more of an acute phase 
reactant. You brought up a great, I think, 
opportunity for additional studies. But to be very 
honest, I don’t know the answer to that. 

Congratulations to both of you and the 
enormous editorial effort on the book. I wanted 
to comment, there’s good data from Brazil, 
which has an enormous number of human milk 
banks showing that if you slow down 
administration velocity of the feed, there’s a 
dramatic loss of fat and about a 10% to 15% loss 
of protein, especially with donor milk. I think 
that’s an area we need to study more because, 
in practice, when there’s an issue of feeding 
tolerance in babies, we will slow down the feeds 
and, as you pointed out, the increasing use of 
either continuous feeds or transpyloric feeds, 

perhaps we need to focus in offsetting that 
potential loss of energy and protein.  

I don’t think we have gone back to some of the 
trials comparing supplementing donor milk or 
supplemented with formula. To my knowledge, 
the largest trial is Dev O’Connor’s trial. I don’t 
think we comment enough on the fact that the 
majority of the outcomes, and NEC was clearly 
favoring the utilization of donor milk, the 
primary outcomes of this study were 
neurodevelopment. Parts of the Bayley III favor 
and numerically, everything favored the groups 
supplemented with preterm formula, in spite of 
the fact they had more NEC. I think that we 
cannot blindly, without more data in 
neurodevelopment, favor necessarily donor 
milk as there may be some shortcomings. So, 
you trade perhaps less NEC for maybe a 
potential impact in neurodevelopment. If you 
were in a situation where your NICU has a very 
low rate of NEC to begin with, maybe food for 
thought? We need more information, clearly. 

I will say the NICHD Neonatal Research Network has 
recently completed the donor milk study. We’re 
hoping the results will be out before PAS next year. 
So, stay tuned on that, but I think you raise a really 
important point, Fernando. I will say related to the 
loss of fat in the tubing, I do think when the nurse 
comes to us and says, “Oh the baby’s spitting, 
they’re not tolerating the feeds, can I stretch it out?” 
I’ve started having that conversation of “Did you 
know that we may be losing some of the nutrition 
by going to continuous?” Nine times out of 10, 
they’re like, “Oh, I didn’t realize that.” Let’s give it 
more time, and I think by providing some of that 
conversation at the bedside, we can hopefully 
decrease the reflex behavior of, okay, let’s just 
stretch it out over an hour or 2 to avoid some of 
those, maybe not that clinically significant 
symptoms. 
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I have 2 questions from the overall 
presentation. Talking about early aggressive 
increase in feeding and more weight gain, which 
you showed in various studies and the Cochrane 
review, and the comment that there’s no 
increase in NEC, but it depends on what your 
standards are for NEC. Sometimes I’m shocked 
to see rates of 6%, 8%, 10%, even 19% in some of 
the presentations here.  

Our goal, in the place where I work, is to have a 
less than 1% NEC rate. We use a very slow 
feeding protocol. If you both can comment on 
that because it’s very hard for us to accept NEC 
as a problem in the NICU. The second question 
is, yes, we see a weight gain. We are all happy. 
The baby’s growing at the 50 percentile or more. 
What about the quality of weight gain? Why 
don’t we think of doing whole-body 
plethysmography as a routine tool in all NICUs, 
which are especially level III or more, and use 
that as a guide to achieve a very high quality of 
growth instead of just growth? 

Berthold Koletzko, MD, PhD: Two very important 
points. So, NEC, as we all have learned, is not 
something that just falls from heaven, but it 
depends on our strategies. We’ve known for a very 
long time that the occurrence of NEC, while 
fluctuating, can be very different in different units 
and has been associated with practices. So, while 
people have thought going for parenteral nutrition 
with NPO [nothing by mouth] for a long time would 
protect against NEC, we have learned it actually 
increases the risk for NEC, because, at least minimal 
enteral nutrition protects the gut physiology. We 
have also learned that, in units that use human milk 
predominantly, the NEC rate is lower than in those 
who don’t. We have seen in previous years, at least, 
a much lower NEC rate in Europe than in North 
America for reasons that were difficult to 
understand, but one difference was that previously 
there was much more human milk used in Europe 
than in North America. I think it’s changing now and 

is changing I would say for the better. But if you look 
at the evidence, while there is a number of variables 
that may influence NEC rate, feeding advancement 
appears not to be. We have good evidence for that. 
I know it’s very difficult to change practice, because 
if you’ve done something for a long time, it’s very 
difficult to change. We’ve always done it, why should 
we change? But the evidence is there, and we know 
if we advance slowly, we can induce harm. We 
adversely affect growth and potentially long-term 
outcome. 

The second point was quality of growth. I couldn’t 
agree more with you. I think, over time more, we 
need to move away from just looking at grams of 
weight gain because it’s the quality of growth that 
matters. I think we will have much more opportunity 
for clever ways to noninvasively measure body 
composition. There’s a lot of new strategies that are 
being looked at, and I think this is going to be the 
future because, as I said before, we can make every 
baby grow by just increasing body fat deposition, 
but we know that is not going to help the baby. We 
really need to look much more at the quality of 
growth. Brenda, what do you think? 

Brenda B. Poindexter, MD, MS: Well, I also think 
that just having a peapod in every unit probably isn’t 
going to be an effective use of resources. They’re 
expensive and some of the babies I care about their 
body composition the most are those babies with 
significant lung disease and evolving BPD. I’ve not 
been able to figure out a way to put a baby on 
oxygen into the peapod. I think it might be a useful 
tool for some of the relatively healthier babies in the 
unit, but for it to be something that’s routinely used 
when we can’t effectively use it on the population 
that I’m most worried about, I don’t think that that’s 
a practical approach. 

I have a question about the IUGR and SGA 
preterm infant, and perhaps also the term SGA, 
very low-birth-weight infant. Could you 
comment on the nutrition for those subgroups? 
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Berthold Koletzko, MD, PhD: It’s an important 
question. As we know, our patient population is very 
heterogenous, and those who are SGA at birth and 
SGA at discharge are probably the highest risk 
because they have more limited nutrient stores, and 
they will have, if supported well, a higher growth 
rate. So, yes, I think we need to look at that more 
closely. Some years ago, ESPGHAN [The European 
Society for Paediatric Gastroenterology Hepatology 
and Nutrition], for example, in their 
recommendation has emphasized that we should, 
after discharge, increase nutrient intakes, use more 
preterm and postdischarge formula, particularly in 
the SGA babies, but I think we have more open 
questions. We know they are different, but to define 
exactly what is best for whom, I think we need more 
work. 

Thank you so much. Just a short question on 
fortification of breast milk. In our unit, we used 
to use quite a bit, the extra fortification 26 until 
we looked at the components and got concerned 
about the high delivery of vitamin A. So, we’ve 
dropped back to 24 and added some modular 
protein or carbs. What is your thought regarding 
that? 

Brenda B. Poindexter, MD, MS: I think there’s a lot 
of different approaches people take. I think, when 
we need to go above 24 cal—this would be off-
label—but using more fortifier than is on the back 
of the package. I do think that adding the modular 
protein—I will sometimes do that if I’m seeing 
significant length faltering and have found that to 
be a good strategy. One of the things, and Bert 
emphasized this really well, is that the recipes we 
use for fortification, they’re all based on some 
assumptions about the base diet that you’re adding 
the fortifier to. So, even if you’re using maternal 
milk, if the milk is now 6, 8 weeks into lactation, the 
protein content of that has already fallen off. That’s 
where it makes sense to me that you might need to 
be compensating for that decline in protein and 
maybe keeping the vitamins and the other things 
relatively constant. But certainly, I think an area that 
is a great opportunity for additional studies. 
Thinking about should our fortification strategies be 
different for babies that are predominantly 
receiving donor milk vs maternal milk, I think is a 
really important area. 

 

Abbreviations 

AGA Appropriate for gestational age NEC Necrotizing enterocolitis 
ARA Arachidonic acid NNT Number needed to treat 
BPD Bronchopulmonary dysplasia NPO Nothing by mouth (nil per os) 
DHA Docosahexaenoic acid PDSA Plan-Do-Study-Act 
IM Intramuscular ROP Retinopathy of prematurity 
IUGR Intrauterine growth restrictions SGA Small for gestational age 
LC-PUFA Long-chain polyunsaturated fatty 

acids 
SIFT Speed of Increasing milk Feeds Trial 

MCT Medium chain triglycerides VLBW Very low birth weight 

 
References

 



  

Global Guidelines for the Nutritional Care of Preterm Infants 

33 

 

1. Tsang RC. A Historical Perspective. In: Koletzko B, et al (eds). Nutritional Care of Preterm Infants. 2nd ed. 
Karger, Basel; 2021. 

2. Yu X, He C, Wang Y, et al. Preterm neonatal mortality in China during 2009-2018: A retrospective study. 
PLOS One. 2021;16(12):e0260611. doi:10.1371/journal.pone.0260611 

3. Koletzko B, Cheah FC, Domellöf M, Poindexter BB, Vain N, van Goudoever JB. Nutritional Care of Preterm 
Infants: Scientific Basis and Practical Guidelines. 2nd ed. Karger; 2021. 

4. Denne SC, Poindexter BB. Evidence supporting early nutritional support with parenteral amino acid 
infusion. Semin Perinatol. 2007;31(2):56-60. doi:10.1053/j.semperi.2007.02.005 

5. Embleton ND, van den Akker CHP. Protein intakes to optimize outcomes for preterm infants. Semin 
Perinatol. 2019;43(7):151154. doi:10.1053/j.semperi.2019.06.002 

6. Bell KA, Matthews LG, Cherkerzian S, et al. Associations of growth and body composition with brain size in 
preterm infants. J Pediatr. 2019;214:20-26.e2. doi:10.1016/j.jpeds.2019.06.062 

7. Smyser CD, Kidokoro H, Inder TE. Magnetic resonance imaging of the brain at term equivalent age in 
extremely premature neonates: to scan or not to scan? J Paediatr Child Health. 2012;48(9):794-800. 
doi:10.1111/j.1440-1754.2012.02535.x 

8. Koletzko B et al, Defining nutritional needs of preterm infants. In: Koletzko B, et al (eds). Nutritional Care of 
Preterm Infants. 2nd ed. Karger, Basel; 2021. 

9. van den Akker CHP, et al. Proteins and Amino Acids. In: Koletzko B, et al (eds). Nutritional Care of Preterm 
Infants. 2nd ed. Karger, Basel; 2021. 

10. Denne SC, Poindexter BB. Evidence supporting early nutritional support with parenteral amino acid 
infusion. Semin Perinatol. 2007;31(2):56-60. doi:10.1053/j.semperi.2007.02.005 

11. Poindexter BB, Karn CA, Leitch CA, et al. Amino acids do not suppress proteolysis in premature neonates. 
Am J Physiol Endocrinol Metab. 2001;281(3):E472-8. doi:10.1152/ajpendo.2001.281.3.E472 

12. Koletzko B, Lapillonne A. Lipid requirements of preterm infants. In: Koletzko B, et al (eds). Nutritional Care 
of Preterm Infants. 2nd ed. Karger, Basel; 2021. 

13. Koletzko B, Agostoni C, Bergmann R, Ritzenthaler K, Shamir R. Physiological aspects of human milk lipids 
and implications for infant feeding: a workshop report. Acta Paediatr. 2011;100(11):1405-15. 
doi:10.1111/j.1651-2227.2011.02343.x Epub 2011 Jun 21. Erratum in: Acta Paediatr. 2011;100(10). 
doi:10.1111/j.1651-2227.2011.02451.x 

14. Hellström A, Pivodic A, Gränse L, et al. Association of docosahexaenoic acid and arachidonic acid serum 
levels with retinopathy of prematurity in preterm infants. JAMA Netw Open. 2021;4(10):e2128771. 
doi:10.1001/jamanetworkopen.2021.28771 

15. Brenna JT, Varamini B, Jensen RG, Diersen-Schade DA, Boettcher JA, Arterburn LM. Docosahexaenoic and 
arachidonic acid concentrations in human breast milk worldwide. Am J Clin Nutr. 2007;85(6):1457-64. 
doi:10.1093/ajcn/85.6.1457 

16. Koletzko B, Mrotzek M, Bremer HJ. Fatty acid composition of mature human milk in Germany. Am J Clin 
Nutr. 1988;47(6):954-9. doi:10.1093/ajcn/47.6.954 



  

Global Guidelines for the Nutritional Care of Preterm Infants 

34 

 

17. Hopperton KE, Pitino MA, Walton K, et al. Docosahexaenoic acid and arachidonic acid levels are correlated 
in human milk: Implications for new European infant formula regulations. Lipids. 2022;57(3):197-202. 
doi:10.1002/lipd.12338 

18. Domellöf M, Embleton N. Bioactive components of breast milk as enteral supplements for preterm infants. 
World Rev Nutr Diet. 2021;122:167-179. doi:10.1159/000514747 

19. Gerasimidis K, Haiden N. Vitamin requirements for preterm infants. World Rev Nutr Diet. 2021;122:149-166. 
doi:10.1159/000514771 

20. Mills RJ, Davies MW. Enteral iron supplementation in preterm and low birth weight infants. Cochrane 
Database Syst Rev. 2012;(3):CD005095. doi:10.1002/14651858.CD005095.pub2 

21. McCarthy EK, Dempsey EM, Kiely ME. Iron supplementation in preterm and low-birth-weight infants: a 
systematic review of intervention studies. Nutr Rev. 2019;77(12):865-877. doi:10.1093/nutrit/nuz051 

22. Terrin G, Berni Canani R, Passariello A, et al. Zinc supplementation reduces morbidity and mortality in very-
low-birth-weight preterm neonates: a hospital-based randomized, placebo-controlled trial in an 
industrialized country. Am J Clin Nutr. 2013;98(6):1468-74. doi:10.3945/ajcn.112.054478 

23. Darlow BA, Graham PJ, Rojas-Reyes MX. Vitamin A supplementation to prevent mortality and short- and 
long-term morbidity in very low birth weight infants. Cochrane Database Syst Rev. 2016;2016(8):CD000501. 
doi:10.1002/14651858.CD000501.pub4 

24. Quigley M, Embleton ND, McGuire W. Formula versus donor breast milk for feeding preterm or low birth 
weight infants. Cochrane Database Syst Rev. 2019;7(7):CD002971. doi:10.1002/14651858.CD002971.pub5 

25. Amissah EA, Brown J, Harding JE. Protein supplementation of human milk for promoting growth in preterm 
infants. Cochrane Database Syst Rev. 2018;6(6):CD000433. doi:10.1002/14651858.CD000433.pub2  Update 
in: Cochrane Database Syst Rev. 2020;9:CD000433. 

26. Salas AA, Jerome M, Finck A, Razzaghy J, Chandler-Laney P, Carlo WA. Body composition of extremely 
preterm infants fed protein-enriched, fortified milk: a randomized trial. Pediatr Res. 2022;91(5):1231-1237. 
doi:10.1038/s41390-021-01628-x 

27. Premkumar MH, Pammi M, Suresh G. Human milk-derived fortifier versus bovine milk-derived fortifier for 
prevention of mortality and morbidity in preterm neonates. Cochrane Database Syst Rev. 
2019;2019(11):CD013145. doi:10.1002/14651858.CD013145.pub2 

28. Picaud JC, et al. Human Milk Fortification for Preterm Infants: A Review. In: Koletzko B, et al (eds). Nutritional 
Care of Preterm Infants. 2nd ed. Karger, Basel; 2021. 

29. Lönnerdal B. Bioactive proteins in human milk: Health, nutrition, and implications for infant formulas. J 
Pediatr. 2016;173 Suppl:S4-9. doi:10.1016/j.jpeds.2016.02.070 

30. Fusch S, Fusch G, Yousuf EI, et al. Individualized target fortification of breast milk: Optimizing macronutrient 
content using different fortifiers and approaches. Front Nutr. 2021;8:652641. 
doi:10.3389/fnut.2021.652641 

31. Arslanoglu S, Moro GE, Ziegler EE. Adjustable fortification of human milk fed to preterm infants: does it 
make a difference? J Perinatol. 2006;26(10):614-21. doi:10.1038/sj.jp.7211571 

32. Wu T, Jiang PP, Luo P, et al. Availability of donor milk improves enteral feeding but has limited effect on 
body growth of infants with very-low birthweight: Data from a historic cohort study. Matern Child Nutr. 
2022;18(2):e13319. doi:10.1111/mcn.13319 



  

Global Guidelines for the Nutritional Care of Preterm Infants 

35 

 

33. Brownell EA, Matson AP, Smith KC, et al. Dose-response relationship between donor human milk, mother's 
own milk, preterm formula, and neonatal growth outcomes. J Pediatr Gastroenterol Nutr. 2018;67(1):90-96. 
doi:10.1097/MPG.0000000000001959 

34. Madore LS, Bora S, Erdei C, Jumani T, Dengos AR, Sen S. Effects of donor breastmilk feeding on growth and 
early neurodevelopmental outcomes in preterm infants: An observational study. Clin Ther. 
2017;39(6):1210-1220. doi:10.1016/j.clinthera.2017.05.341 

35. Valverde R, Dinerstein NA, Vain N. In: Koletzko B, et al (eds). Nutritional Care of Preterm Infants. 2nd ed. 
Karger, Basel; 2021. 

36. Parker MG, Stellwagen LM, Noble L, Kim JH, Poindexter BB, Puopolo KM; SECTION ON BREASTFEEDING, 
COMMITTEE ON NUTRITION, COMMITTEE ON FETUS AND NEWBORN. Promoting human milk and 
breastfeeding for the very low birth weight infant. Pediatrics. 2021;148(5):e2021054272. 
doi:10.1542/peds.2021-054272 

37. Beggs MR, Bando N, Unger S, O'Connor DL. State of the evidence from clinical trials on human milk 
fortification for preterm infants. Acta Paediatr. 2022;111(6):1115-1120. doi:10.1111/apa.16283 

38. Bozzetti V, Martin CR. The practice of enteral nutrition in very low and extremely low birth weight infants. 
World Rev Nutr Diet. 2021;122:265-280. doi:10.1159/000514743 

39. Kaplan HC, Poindexter BB. Standardized feeding protocols: Evidence and implementation. World Rev Nutr 
Diet. 2021;122:289-300. doi:10.1159/000514746 

40. Morgan J, Young L, McGuire W. Delayed introduction of progressive enteral feeds to prevent necrotising 
enterocolitis in very low birth weight infants. Cochrane Database Syst Rev. 2013;(5):CD001970. 
doi:10.1002/14651858.CD001970.pub4  Update in: Cochrane Database Syst Rev. 2014;(12):CD001970. 

41. Salas AA, Li P, Parks K, et al. Early progressive feeding in extremely preterm infants: a randomized trial. Am 
J Clin Nutr. 2018;107:365–70. doi:10.1093/ajcn/nqy012 

42. Oddie SJ, Young L, McGuire W. Slow advancement of enteral feed volumes to prevent necrotising 
enterocolitis in very low birth weight infants. Cochrane Database Syst Rev. 2017;8(8):CD001241. 
doi:10.1002/14651858.CD001241.pub7  Update in: Cochrane Database Syst Rev. 2021;8:CD001241. 

43. Dorling J, Abbott J, Berrington J, et al; SIFT Investigators Group. Controlled trial of two incremental milk-
feeding rates in preterm infants. N Engl J Med. 2019;381(15):1434-1443. doi:10.1056/NEJMoa1816654 

44. Torrazza RM, Parker LA, Li Y, Talaga E, Shuster J, Neu J. The value of routine evaluation of gastric residuals 
in very low birth weight infants. J Perinatol. 2015;35(1):57-60. doi:10.1038/jp.2014.147 

45. Embleton N, Granger C. A Multidisciplinary approach to the implementation and audit of nutrition in 
preterm infants. World Rev Nutr Diet. 2021;122:301-311. doi:10.1159/000514876 

46. Johnson MJ, Leaf AA, Pearson F, et al. Successfully implementing and embedding guidelines to improve the 
nutrition and growth of preterm infants in neonatal intensive care: a prospective interventional study. BMJ 
Open. 2017;7(12):e017727. doi:10.1136/bmjopen-2017-017727 

47. Nathan AT, Ward L, Schibler K, Moyer L, South A, Kaplan HC. A quality improvement initiative to reduce 
necrotizing enterocolitis across hospital systems. J Perinatol. 2018;38(6):742-750. doi:10.1038/s41372-018-
0104-0 

48. AAP and ACOG. Guidelines for Perinatal Care. 7th ed. American Academy of Pediatrics Books; 2012. 



  

Global Guidelines for the Nutritional Care of Preterm Infants 

36 

 

49. Embleton N, Granger C. A Multidisciplinary Approach to the Implementation and Audit of Nutrition in 
Preterm Infants. In: Koletzko B, et al (eds). Nutritional Care of Preterm Infants. 2nd ed. Karger, Basel; 2021. 

50. Kaplan HC, Poindexter BB. Standardized feeding protocols: Evidence and implementation. World Rev Nutr 
Diet. 2021;122:289-300. doi:10.1159/000514746 

51. Koletzko B, Li Z. Feeding after Discharge. In: Koletzko B, et al (eds). Nutritional Care of Preterm Infants. 2nd 
ed. Karger, Basel; 2021. 

52. Tinnion R, Gillone J, Cheetham T, Embleton N. Preterm birth and subsequent insulin sensitivity: a 
systematic review. Arch Dis Child. 2014;99(4):362-8. doi:10.1136/archdischild-2013-304615 

53. Ziegler EE. Human milk and human milk fortifiers. World Rev Nutr Diet. 2014;110:215-27. 
doi:10.1159/000358470 

54. Siddiqi N, Harrison JK, Clegg A, et al. Interventions for preventing delirium in hospitalised non-ICU patients. 
Cochrane Database Syst Rev. 2016;3:CD005563. doi:10.1002/14651858.CD005563.pub3 

55. Lingwood BE, Al-Theyab N, Eiby YA, Colditz PB, Donovan TJ. Body composition in very preterm infants 
before discharge is associated with macronutrient intake. Br J Nutr. 2020;123(7):800-806. 
doi:10.1017/S000711451900343X 


