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1. Introduction

Preterm birth is defined as delivery prior to completion of the 37" week of gestation and dis-
plays a significant global health issue (1). Preterm newborns can be categorized according to
gestational age (GA) or birth weight (BW).

The BW-based classification includes low birth weight (<2500g), very low birth weight
(<1500g) and extremely low birth weight (<1000g).

The GA-based classification is divided into late preterm infants (34 to 36 weeks of GA and six
days), moderate preterm infants (32 to 33 weeks of GA and six days), very preterm infants (<32

weeks of GA) and extremely preterm infants (<28 weeks of GA) (1).

Approximately 15 million infants worldwide are born prematurely each year, which accounts
for 10% of all live births (1). Around 85% of these preterm newborns are born between the GA
of 32 and 36 weeks, while 10% are born between 28 and 32 weeks of gestation.

These newborns face an increased risk of mortality. In 2019, 900 000 children died worldwide
due to complications related to premature birth (2). However, survival rates vary significantly
between countries. In low-income countries, infants born before the 32" week of gestation
commonly die due to inadequate equipment and lack of early neonatal care, including breathing
support, adequate feeding as well as maintenance of body temperature (3). In contrast, most
infants younger than 32 weeks of gestation born in high-income countries survive (3).

Beyond the increased risk for mortality, preterm infants are more susceptible to adverse out-
comes and developing disabilities associated with premature birth (1). With decreasing gesta-
tional age, the risk of such complications increases, with extremely preterm newborns facing

the highest likelihood of complications and adverse outcomes (2).

Functional or anatomic immaturities usually cause short-term complications, that increase the
risk for developing long-term complications.

Respiratory short-term complications include respiratory distress syndrome (RDS), bron-
chopulmonary dysplasia (BPD), apnea of prematurity, pneumothorax, and pulmonary hemor-
rhage. RDS is characterized by insufficient lung surfactant production resulting in symptoms
like tachypnea, nasal flaring, intercostal retractions, and cyanosis (4).

Cardiovascular complications include patent ductus arteriosus that can lead to abnormal blood

flow from the left side to the right side of the heart, resulting in an increased pulmonary blood



flow and decreased systemic circulation (5). Symptoms may include apnea, heart failure, or
even respiratory distress.

Glucose abnormalities, both hyperglycemia and hypoglycemia, are common in premature in-
fants due to reduced glucose reserves and limited gluconeogenesis capacity. These conditions
can lead to severe outcomes like seizures and neurodevelopmental impairments (6-9).
Preterm infants are highly susceptible to infections, particularly bacterial sepsis. This can be
life-threatening and may impact growth and long-term neurodevelopmental outcomes (5).
Additionally, due to premature infants’ high energetic demands and their inability to coordinate
sucking and swallowing, maintaining proper nutrition is a challenge and can stunt their growth
(5). Conditions like necrotizing enterocolitis (NEC) can also exacerbate feeding problems and

lead to long-term gastrointestinal (GI) complications.

The impact of immaturity often becomes evident in later stages of life when significant neuro-
developmental impairments are identified. These impairments can include cerebral palsy, men-
tal retardation or problems with behavior and functioning; such as deficient attention skills,
poor visual-motor functioning, reduced mathematical abilities, and hyperactivity (10).

Preterm babies are also at an increased risk for developing chronic lung diseases such as asthma
(8). Furthermore, prematurity is associated with both short and long term impairments of
growth, however preterm infants are more likely to experience a greater delay than term infants
(11). Some sources even suggest that prematurity impacts mortality and morbidity in adulthood,

highlighting the enduring consequences of premature birth (11).
2. Aims and objectives

This review aims to explore the challenges and complexities in identifying and maintaining
optimal preterm nutrition, with the goal of facilitating their growth, which should mirror that of
a fetus.

Given the unique conditions of premature newborns and their distinct metabolic needs, the ap-
propriate management of nourishing premature infants should be individualized and involve
proper planning and calculation. Among the existing literature, studies have observed and re-
vised methods and strategies for optimally feeding premature newborns.

This paper will review the individual challenges faced and various factors contributing to the
hurdle of nutrition in premature newborns. Different perspectives on certain aspects of nutrition

will be discussed alongside the latest guidelines.



3. Growth management in prematurely born infants

3.1 Goals of growth

Growth of infants is determined by measuring weight gain, increasing length and head circum-
ference and assessing body composition (12). The body composition describes the respective
percentages of fat and fat-free mass of the infant’s body, which are calculated by the body den-
sity. The body’s density is the ratio between the body mass and the body volume and can be
measured, for example, with densitometry (PEA POD) (13).

Many growth charts have been developed over the years, which are based on growth standards
that describe the growth of a selected, healthy population, which grows under good nutritional
conditions and minimal health limitations (12). These standards were assessed in a study by the
World Health Organization (WHO), resulting in growth charts describing the development of
children from term birth up to 5 years of age (12,14). However, growth velocity for preterm
newborns is hard to determine. The growth of a fetus between 22 and 40 GW is considered the

period of fastest human growth (15). Their weight increases over six-fold during this time.

The earlier an infant is born, the less prepared it is for the outside world (16). In the womb, the
fetus grows in a protective environment provided by the mother. This dark environment shields
loud sounds, and smoothly encloses the fetus, protecting it from hard touches while creating a
calming surrounding and constantly supporting its metabolic needs (16). These conditions en-
sure an optimal development.

However, if babies are born prematurely, they are deprived of these optimal surroundings, leav-
ing them in a challenging situation. The newborn must grow at the same velocities as an unborn
infant but in a hugely different environment. To compensate for these surroundings and still
ensure the same growth rates, the infants have increased nutritional needs but with simultane-
ously limited feeding volume tolerance. Their immature immune systems, as well as the missing
protection of the womb from external pathogens, make them more susceptible to infections. All
these difficulties may further lead to growth deficits affecting organ development.

Therefore, preterm newborns rely on healthcare professionals to accurately assess their devel-

opment and tailor nutrition for optimal growth (15).

Most growth charts overlook preterm-specific conditions such as being outside the protective

uterine cavity, thermoregulation, and increased fecal losses in their references. Additionally,



growth in preterm newborns can be inconsistent with periods of slow growth which can be
indicative for inadequate nutrition or even reflect changes in nutrition. This is also called
“growth faltering”, describing slow growth which is not parallel to a centile of current age (17).
These periods of slow growth are compensated by consequent accelerated growth periods re-
ferred to as “catch-up growth” (12). The purpose of catch-up growth is to restore the infant’s
state so it can follow its optimal growth trajectory. However, these phases of rapid growth may
be associated with an increased risk of development of cardiovascular or metabolic diseases

later in life (12).

The Fenton growth charts, were initially based on in-utero and postnatal development of fetuses
as well as newborns from the 22 to 50 GW (12,18). However, these in-utero references are not
particularly useful for monitoring a preterm infants’ growth. Therefore, the Fenton charts were
revised in 2013 to better reflect preterm growth. Data from various studies or reports have been
collected to find references about population-based preterm size at birth, specifically concen-
trating on weight, length and head circumference (15).

The latest update about appropriate growth standards for preterm newborns is the ‘Preterm
Postnatal Follow-up study of the INTERGROWTH-21% project’, which assesses fetal and post-
natal growth of preterm infants born between 26 and 37 GW; in order to develop growth stand-
ards for preterm newborns (19). Additionally in 2017, the WHO released a prospective, obser-
vational longitudinal study to present fetal growth charts for estimated fetal weight as well as

ultrasound biometric measurements (20).

According to the WHO in-utero measurements, the average fetal weight gain for fetuses be-
tween 23-25 GW will be 20-23 g/kg/day, between 26-29 GW 17-20 g/kg/day, between 30-34
GW 13-17 g/kg/day and between 35-37GW 10-13 g/kg/day (12).

3.2 Caloric goals

Energy requirements must be well estimated to provide adequate energy intake for the infant’s
growth. Insufficient energy intake can lead to growth impairment, tissue atrophy, impairment
of behavioral and cognitive development, as well as the impaired immunity development re-
sulting in serious morbidities (21). However, excessive energy intake can also lead to short or
long-term complications including hyperglycemia, infections, decreased liver function or met-

abolic impairments (22).



Caloric goals can be calculated by taking in consideration the resting energy expenditure (REE),
which describes the amount of energy consumed without any activity. Thereafter, physical ac-
tivity, thermoregulation, fecal loss, and the infant’s growth can be used to estimate daily energy
requirements. Estimated REE for preterm infants are 60-70 kcal/kg/day (23) and the daily
weight gain should be 17-20 g/kg/day. It is also assumed that every gram requires 3.6-4.7 kcal
of energy in order to grow (17,23).

ESPGHAN committee has come to the conclusion and state in their guidelines, based on several
cohort studies, that 115-140 kcal/kg/day are sufficient in order to keep adequate growth for
enterally fed preterm infants (17).

Newborns which are parenterally fed have lower energy requirements as the nutrients are di-
rectly provided to the body and feeding does not use any energy for digestion or fecal losses.
Therefore, energy requirements for parenterally fed preterm infants are 90-120 kcal/kg/day
(24).

130 keal/kg 115 keal/kg

Picture 1 illustrating the energy requirements per kilogram of a preterm newborn and a “Tour de France”
racing cyclist

The image above illustrates the comparison between the energy needs of a preterm newborn
and those of a competitive cyclist. While the premature infant requires approximately 130
kcal/kg per day, a racing cyclist needs around 115 kcal/kg/day. This shows the enormous energy

requirements of such tiny individuals.

Despite the infant’s minimal physical activity compared to the cyclist, their energy is primarily
allocated to various physiological processes, resulting in even higher demands. Many chal-
lenges such as underdevelopment, the susceptibility to illnesses, undernutrition, and growth
hurdles contribute to a state of energy deficiency. Their low capacity to store energy coupled

with many medical conditions may further elevate their demands. Painful stimuli, stressful



situations and illness are states in which the metabolism increases and subsequently energy
requirements.

Moreover, the exceptionally high metabolic energy of the brain, which accounts for 60% of the
total metabolism, emphasizes the energy demands (25). In preterm newborns, critical brain de-
velopment processes like forming of synapses, cellular component assembly as well as the ex-

pansion of certain brain areas, heightens the energy requirements (25).

Daily nutritional needs are composed of different components including proteins, lipids, carbo-
hydrates, electrolytes, minerals, and vitamins. Each component needs to be provided in suffi-

cient amounts to ensure appropriate development.

3.3 Nutritional needs of preterm newborns

Proteins

Proteins are built by the body from amino acids. Different amino acids have to be present to
enable the synthesis of different proteins important for energy provision and well as anabolism
of body mass. Proteins are also important for metabolic processes and cell signaling pathways
in form of precursors and enzymes like transporters (26).

Individual amino acids should also be considered as they have selective functions. Glutamine
for example is thought to contribute to the immune function, arginine to the gut health and
taurine to a proper brain development (17). If amino acids are in excess, the body can degrade

them to CO2 and ammonia and secrete them via urine and breathing.

Recommendations from ESPGHAN for protein intake in preterm newborns are 3.5-4.0

g/kg/day (17).

Inappropriate protein provision may either lead to decreased lean mass accretion, improper
body composition or metabolic disturbances due to toxic levels of blood urea nitrogen (BUN)

and subsequently poor growth (27).

Lipids
Lipids are not only an important energy source for newborns but are also components of many
body structures. They are used for growth, development of the immune system and other met-

abolic pathways (28).



The recommendations for the daily lipid intake in preterm newborns should be at least 4.8
g/kg/day and maximally 8.1 g/kg/day considering fat deposition, malabsorption and loss due to
unavoidable oxidation (17,29).

Especially in preterm newborns, the delivery of lipids must be appropriately compensated as
the transferal of lipids from mother to child. Specifically essential fatty acids (FA) like arachi-
donic acid (ARA) and docosahexaenoic acid (DHA), mainly occurs in the third trimester of
pregnancy (28). ARA and DHA are “conditionally essential” in preterm newborns, meaning
their body cannot produce these acids in sufficient amounts to meet their physiological require-
ments and therefore need to be taken up by food (17). ARA and DHA are important components
of the brain tissue as they constitute about 25-30% of all FA in the brain (30). They are crucial
for forming synapses, the myelination of nerves and the brain immune function (30,31). There-
fore, decreased values of ARA and DHA may be associated with problems in the neurodevel-
opment including visual development such as retinopathy of prematurity (ROP) (32,33).
An additional intake of ARA and DHA are recommended, as several studies proved a decreased
risk of ROP with supplementation (32,33). According to ESPGHAN guidelines, a DHA intake
of 30-65 mg/kg/day and an ARA intake of 30-100 mg/kg/day within 3 days after birth until 40

weeks’ postmenstrual age are recommended (17).

Carbohydrates

Carbohydrates are a major energy source for newborns (34). The body breaks down the carbo-
hydrates to glucose in order to use it for metabolic processes. Most carbohydrates are provided
as disaccharides like lactose or galactose but also as free glucose (35). Provision of adequate
amounts are crucial to prevent hypoglycemia as well as hyperglycemia. Both states can lead to
complications.

Beside the acutely dangerous state of hypoglycemia which may lead to seizures, coma or death,
hypoglycemia is also associated with long-term consequences (36). The brain development suf-
fers under a hypoglycemic state and can lead to developmental delay, cerebral palsy and neu-
ropsychiatric problems (37).

Hyperglycemia is associated with an increased risk of infections, decreased functioning of the
immune system and poor wound healing (38). Some studies even suggest higher mortality rates
in preterm newborns with continuous hyperglycemia (39).

In the ESPGHAN guidelines the calculation for the optimal daily intakes of carbohydrates con-
siders the daily energy intake of 115-140 kcal/kg/day, an enteral protein intake of 3.5-4.0
g/kg/day as well as 40-50% of non-protein energy intake composed of carbohydrates. With



these values, the committee comes to the conclusion that 11-15 g/kg/day of carbohydrates are

appropriate for preterm newborns (34).

Electrolytes

Electrolytes such as sodium, potassium and chloride, are major constituents of the body. Proper
regulation is essential to prevent deficiencies and conditions like patent ductus arteriosus or
chronic lung diseases from excessive intake. Electrolyte deficiencies may disrupt the circulation

or metabolic processes (40).

Sodium (Na) is vital for nerve conduction, fluid volume regulation either intravascular or inter-
stitial, and bone mineralization (41). Preterm infants are already able to absorb sodium from
the intestine but have increased excretion due to renal immaturity, leading to hyponatremia (42).
Therefore, daily Na requirements vary in the first days of preterm life, in part due to slower
renal maturation of preterm newborns when compared to term infants (43).
According to ESPGHAN guidelines, the daily sodium intake for preterm newborns should be
between 3 and 8 mmol/kg (17). The sodium losses in preterm are around 7 mmol/kg/day (44).

Higher sodium supplementation are associated with an increased weight gain (17).

Chloride (Cl) maintains the osmotic pressure, regulates the electrolyte balance as well as the
acid-base homeostasis (41). Chloride ensures ionic neutrality by balancing out the Na levels
(41). It also plays a role in nerve conduction by regulating certain channels. Insufficient Cl
supplementation can cause slow growth, constipation, lack of appetite, muscular weakness as
well as delays in psychomotor development (45). The required daily intake for preterm new-

borns is 3-8 mmol/kg, similar to Na (17).

Potassium (K) is important for nerve conduction as it maintains the transmembrane electro-
chemical gradient. For ingested K uptake, it is important to note that 80% is transported into
the cells due to insulin secretion during digestion (46). Recommended daily K intake for pre-

term babies is 2.3-4.6 mmol/kg (17).

Minerals

Minerals like calcium and phosphorus are important for the babies’ bone health. Especially

preterm infants are at high risk for developing bone diseases like rickets (47). The calcium taken

up is stored to around 98% in bone tissue. Phosphorus is also needed for bone mineralization,



however only 80% of all consumed phosphorus is formed into bone tissue (17). The rest is used
as building blocks for nucleic acid or energy metabolism. Consequently, phosphorus intake has
to be higher than simply for bone mineral accretion (48).

In order to minimize bone mineral deficiencies and with it the risk for bone fractures, a mini-
mum of 2.2-2.8 mmol/kg/day (90-110 mg/kg/day) of calcium and 2.2-2.6 mmol/kg/day (70-
80mg/kg/day) of phosphorus are needed (17).

To estimate the daily adequate calcium intake, the intestinal calcium absorption rate has to be
considered which is usually 60%. This leads to a required intake of about 3.0-5.0 mmol/kg/day
of calcium (17).

Phosphorus intakes are absorbed by up to 90%, however phosphorus is not only needed for
bone mineralization (48). For protein accretion and nucleic acid synthesis, phosphorus also has
to be provided. For every gram of proteins, 0.35 mmol of phosphorus is needed (48). Conse-
quently, 0.9 mmol/kg/day of phosphorus should be additionally provided. In total, phosphorus
intake for preterm newborns for bone mineralization, protein accretion, nucleic acid synthesis
as well as for energy metabolism should be about 2.2-3.7 mmol/kg/day (17).

It has been observed that bone pathologies in preterm infants have declined over the past 10-20
years which reflect the improvements concerning calcium and phosphorus deliver that have

been made (48).

The mineral magnesium is partly needed for bone accretion as well as for muscle and soft tissue
development (48). With an absorption rate of 40-50%, a daily magnesium intake for preterm
infants fed with fortified human milk is about 0.4-0.5 mmol/kg (48).

Water soluble and fat soluble vitamins

Water soluble as well as fat soluble vitamins need to be provided to ensure body functioning
and homeostasis. In preterm babies, vitamin levels and stores are often reduced and need ade-
quate substitution to prevent any vitamin deficiencies and its consequences (49). Often multi-
vitamin preparations are used to meet the required needs such as Soluvid for water-soluble vit-

amins and Vitlipid for fat-soluble vitamins.

Trace elements
Trace elements are also essential for growth and development and the function of the organ
system. They are also provided as a prepared mixture containing all essential trace elements

like zinc, copper, manganese, selenium and iodine like Peditrace.



Table 1: ESPGHAN CoN recommendations for enteral nutrient intakes in preterm newborns

ESPGHAN 2010 recommendation ESPGHAN 2022 recommendation
Fluid, mL/kg/d 135-200 150180 (135-200)
Energy, kcal/kg/d 110-135 115-140 (—160)
Protein, g/kg/d 3545 3.54.0 (—4.5)
Fat, g/kg/d 48-6.6 4.8-8.1
Linoleic acid, mg/kg/d 385-1540 385-1540
a-Linolenic acid, mg/kg/d =55 =55
DHA, mg/kg/d 12-30 30-65
ARA, mg/kg/d 1842 30-100
EPA, mg/kg/d - <20
Carbohydrate, g/kg/d 11.6-13.2 11-15(-17)
Sodium, mmol/kg/d 3.0-5.0 3.0-5.0 (-8.0)
Chloride, mmol/kg/d 3.0-5.0 3.0-5.0 (-8.0)
Potassium, mmol/kg/d 1.7-34 23406
Calcium, mmol’kg/d 3.0-35 3.0-5.0
Phosphorus, mmol/kg/d 1.9-29 2237
Magnesium, mmol/kg/d 0.3-0.6 0.4-0.5
Iron, mg/kg/d 2-3 2.0-3.0 (—6.0)
Zinc, mg/kg/d 1.1-2.0 2.0-3.0
Copper, pg/kg/d 100-132 120-230
Selenium, pg/kg/d 5-10 7-10
Manganese, pg/kg/d <2715 1-15
lodine, pg/kg/d 11-55 11-55
Chromium, pg/kg/d 0.03-1.23 0.03-2.25
Molybdenum, pg/kg/d 0.3-5 0.3-5.0
Thiamine (B1), pg/kg/d 140-300 140-290
Pantothenic acid, mg/kg/d 0.33-2.1 0.6-2.2
Biotin, pg/kg/d 1.7-16.5 3.5-15
Niacin, pg/kg/d 380-5500 1100-5700
Ascorbic acid (vitamin C), mg/kg/d 1146 1743
Riboflavin (B2), pg/kg/d 200400 200430
Pyridoxine, pg/kg/d 45-300 70-290
Folic acid, pg/kg/d 35-100 23-100
Cobalamin (B12), pg/kg/d 0.1-0.77 0.1-0.6
Vitamin A, [U/kg/d 1333-3300 (400-1000 pg retinol ester/kg/d) 1333-3300 (400-1000 pg retinol ester/kg/d)
Vitamin D, IU/kg/d 800-1000 TU/d 400-700 1U/kg/d (<1000)
Vitamin E, mg/kg/d 2.2-11 2.2-11
Vitamin K, pg/kg/d 4.4-28 4.4-28

ARA = arachidonic acid; CoN = Committee of Nutrition; DHA = docosahexaenoic acid; EPA = Eicosapentaenoic acid, ESPGHAN = European Society of
Pediatric Gastroenterology, Hepatology and Nutrition; IU = International units. Figures in brackets represent ranges or upper intakes that might occasionally
be needed in routine clinical practice under certain conditions. See text for details.

Source: Embleton ND, Jennifer Moltu S, Lapillonne A, van den Akker CHP, Carnielli V, Fusch C, et al. Enteral
Nutrition in Preterm Infants (2022): A Position Paper From the ESPGHAN Committee on Nutrition and Invited
Experts. J Pediatr Gastroenterol Nutr. 2023 Feb 1,76(2):248—68.

4. Nutritional challenges in preterm newborns

Many factors complicate the nutrition of preterm newborns whose conditions differ signifi-
cantly from those of term babies. The most prominent influencing factors are described in the

following abstract.
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4.1 Neonatal factors

4.1.1 Gestational age

Premature infants are born before reaching full developmental maturity, resulting in insufficient
preparation for extrauterine life. Many of their organs and physiological systems remain under-

developed, making it challenging for a preterm child to grow adequately.

In order to maintain full nutrition and oral hydration of the newborn, the infants need to be able
to suck rhythmically, swallow safely and coordinate these two processes with breathing (50).
However, these processes are not yet fully developed in preterm newborns especially in infants
younger than 32 GW (50). Only after the 34 GW, a newborn is able to maturely suck and swal-
low and will achieve and maintain a full nutrition necessary for appropriate growth (50).
Nutritive sucking is described as the proper coordination of lip, cheek and tongue movement in
order to cause expression of milk into the oral cavity (50). This process consists of suction and
expression of milk. During suction, the infant creates a negative pressure in the oral cavity by
the activation of perioral muscles. Expression causes the compression of the nipples by tongue
and hard palate to cause milk ejection. In preterm newborns, these two processes are still ar-
rhythmic and will not result in successful sucking (50).

Swallowing consists of different phases. An oral phase, in which a bolus is formed and sized, a
pharyngeal phase, where the food bolus is forwarded through the pharynx to the esophagus and
the esophageal phase, in which the bolus is transported through the esophagus to the stomach
with the help of peristaltic movements of the esophageal (50).

Another process which is needed for successful swallowing is the aerodigestive protection. This
coordinated mechanism, supported by several reflexes of the pharynx and esophagus, prevents
food boluses from ascending, promotes their propulsion through proper esophageal clearance,
and thereby protects the airways (50).

In preterm infants, these mechanisms are not yet developed. The infants will have difficulties
to protect their airways as the aerodigestive protection is maintained by reflexes which are still
absent at this age, and the immaturity of the esophageal motility also makes it difficult to com-
plete the swallowing process. Sucking, swallowing and breathing need to be well coordinated
in order to prevent aspiration, apnea or possible episodes of oxygen desaturation (50). However,

in preterm newborns these processes are poorly coordinated (51).
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The difficulty of feeding is also influenced by conditions like bronchopulmonary dysplasia
(BPD). The lung development in infants especially the maturation of terminal respiratory sacs
and alveoli occurs beyond the age of 34 to 36 GW (52). Babies which are born earlier will have
immature lung structures and decreased surfactant production. These infants may need ventila-
tion or oxygen therapy for support. However, ventilation therapy may also cause damage to the
immature lung structures due to overstretching and lead to inflammation of the alveoli (53).
BPD is considered to be a complication of prematurity and effected infants may have difficulties
with feeding as they have a poor endurance (54). During the swallowing process the airflow is
interrupted (50). An increase of the swallowing frequency may result in decreased respiration
and thus a decreased gas exchange (50). Consequently, premature infants with lung problems
like BPD will have difficulties to sufficiently breathe and swallow. They also have a lower
sucking pressure and decreased sucking frequency (55). Appropriate feeding without additional
help can therefore not be achieved in this condition. BPD is commonly connected with growth

failure (54).

4.1.2 Gastrointestinal immaturity

The development of the gastrointestinal (GI) system is a prolonged process, with its maturation
and development continuing well beyond birth. The development of the human GI tract encom-
passes anatomical differentiation and functional maturation which occur at different weeks of
gestation (56). Anatomical differentiation is typically completed by the 20" GW, while func-
tional development requires more time, with significant progress occurring after the 34" GW
(56).

Proper functioning of the GI tract includes coordinated sucking and swallowing, continence of
gastrointestinal sphincter tone, adequate gastric emptying and organized intestinal peristalsis
(57). Full maturation of the GI tract is essential for adequate digestion and absorption of the
ingested nutrients. Consequently, preterm newborns, whose GI tracts are not fully matured, are
often unable to fully utilize the components of their enteral nutrition, potentially leading to
nutritional crisis (57). Additionally, immature bowel function is associated with food intoler-
ance (57). This includes malfunctioning of gastric emptying, stasis and delayed progress of food
boluses which leads to symptoms like gastrointestinal reflux, abdominal distention, and consti-

pation (58).
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In addition to mechanical functions, the enzymatic and chemical functions of the intestines must
also develop to ensure the digestion and absorption of all necessary nutrients. For instance, the
secretion of hydrochloric acid by parietal cells, for the denaturation of proteins, is limited in
preterm newborns (57). For the digestion of carbohydrates into monosaccharides enzymes like
lactase, sucrase, maltase and others are responsible (57). However, lactase activity is reported
to be low in preterm infants (59). The digestion of triglycerides is mediated by bile acid, which
emulsifies fats into small fatty droplets (57). Bile levels as well as their reabsorption in the
ileum are also decreased in preterm newborns (57).

With decreased enzyme activity, food digestion and its proper utilization cannot be guaranteed

which makes sufficient nutrition challenging.

Another important component of the gut integrity is the gut microbiome. Many microbes colo-
nize the human gut and will establish symbiosis with the host which is important for adequate
digestion and immunity (60). This microbiome still needs to develop in newborn infants. Its
composition is influenced by many factors including genetics, the maternal nutrition during
pregnancy, the mode of delivery, gestational age of the newborn und their nutrition and many
more (61). The symbiotic effect of this relationship remains as long as the composition of the
microbiome is balanced. However, any disruption in this conformation will lead to a dysbiosis,
which may have life-threatening consequences (57).

In preterm infants, the development of the microbiome is not only influenced by the above-
mentioned factors. It is also affected by their admission to the neonatal intensive care unit where
an abundance of diverse bacteria is present, capable of colonizing the infant. Artificial feeding,
mechanical respiration or antibiotic therapies expose the newborn to potentially pathogenic
bacteria (57). These cumulative influences may disrupt the development of an adequate micro-
biome in newborns or lead to a disruption in the normal bacterial flora potentially affecting the
GI maturity and immune system maturation (62). This underlying condition can precipitate to
a gastrointestinal emergency known as necrotizing enterocolitis (NEC) with microbial dysbio-

sis believed to play a crucial role in its development (63).

4.1.3 Neonatal Intensive Care Unit Environment

The neonatal intensive care unit (NICU) environment significantly influences the newborn’s
growth and development, with environmental factors exerting significant influence on clinical

outcomes. While bright light and loud sounds can have adverse effects on infants, social

13



interactions with parents or NICU staff and gentle handling of the infant contribute positively
to developmental outcomes.

The exposure to constant loud noises can lead to increased heart rates, decreased oxygen satu-
ration, increased blood pressure, and changes in the respiratory rate (64). A study shows that
reducing exposure to loud sounds, for instance by using earplugs, can improve the infants’
stressed behavior, sleep patterns, and even weight gain (65). Recommendation for noise inten-
sity on the NICU are <45 dB, however observation proof that the noise levels are often exceed-
ing this target (64).

The light on the NICU does not correspond to the natural light cycles outside. Therefore, the
infant is constantly exposed to light which may disturb their circadian rhythm and thus have
effects on their cortisol excretion and stress levels (64). Bright light is associated with higher
metabolic rates and poorer weight gain (66). Recommended lightening levels on the NICU
range from 10 to 600 lux, yet observations indicate that actual lightening levels often exceed
these recommendations, typically ranging between 400 and 1000 lux (67). Reducing light ex-
posure and mimicking day-night cycles can stabilize heart rate, respiratory rate, and blood pres-
sure and have been shown to contribute to weight gain of newborns due to improved feeding
(64).

The NICU environment also influences the microbiome development of the newborns, which
is crucial for immune function and disease prevention. Microbiome is forming an integral part
of the human development and health (68). During pregnancy and birth, the infant is already
exposed to an immense number of microbes. Successive exposure to microbes, occurring
through skin-to-skin contact with the mother and breastfeeding, enriches the infant’s microbial
composition (68). Alterations and disturbances of this collection can lead to impaired function-
ing such as decreased intestinal barrier or decreased immune system. Every NICU harbors its
individual composition of microbes, including both beneficial and potentially harmful organ-
isms (68). Infants are introduced to their mother’s microbiome, as well as to those of different
nurses and doctors. This can promote the transmission of pathogenic microbes and hinder an
adequate formation of a healthy microbiome. Furthermore, equipment like ECG leads or adhe-
sive dressings can damage the integrity of the microbiome and promote bacterial or viral inva-
sion. Every object is a possible reservoir for microbial contamination which induces a disbal-

ance of the natural microbiome composition (68).
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4.1.4 Antibiotic exposure

Over 90% of preterm newborns are already exposed to antibiotics in their first weeks of life.
Especially on the NICU, they are used to fight life-threatening diseases like sepsis or other
infections, which when left untreated, will lead to lifelong disabilities or even death.
However, as a precautionary measure to avoid neonatal sepsis, many practitioners administer
antibiotic treatment even without a proven positive blood culture (69).

Although antibiotics are indispensable, there are concerns about long-term side effects on the
infants (70). Observations show that a prolonged antibiotic exposure has been associated with
NEC and even late onset sepsis. Other long-term consequences connected to prolonged antibi-
otic usage are asthma, obesity, or autism spectrum disorder in childhood (70).

Antibiotics disturb the immune function of the infants as they are altering the composition of
the intestinal microbiota and their diversity or even destroy beneficial bacteria in the gut (70).
Early antibiotic exposure is when treatment is provided from day O or day 1 of life, and is
associated with a higher risk of cerebral lesions and moderate to severe BPD (71). Therefore,

antibiotics should be applied wisely and the side effects should be taken into consideration.

4.2 Maternal factors

4.2.1 Attachment and bonding

Inadequate nutrition may also be due to maternal factors. The maternal mental state, attachment
and bonding between mother and infant play an important role for the development of the infant
and may also influence the baby’s feeding habits.

Bonding relates to the feelings, thoughts and behaviors parents have towards their child. Good
bonding is a very important factor for the cognitive, social, and emotional development of an
infant. Observations show that good bonding has positive effects on the infant’s social skills,
school readiness, as well as academic success (72). However, bonding is crucial when facing
nutritional challenges of preterm newborns. Ravn et al. (2012) observed that a good mother-
infant interaction enhances successful breastfeeding (73). The maternal mental state influences
and interaction between mother and child. Mothers with an unstable psychological state strug-
gle to establish a strong bond with their child (74). Solid bonding improves the interaction and
communication between mother and infant. A mother, who has established a strong bond with

her infant, is more attuned to their needs and is better at understanding the cues her infant
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provides. In particular, preterm infants often lack common early hunger cues, making attentive
maternal behavior crucial for improving feeding patterns and increasing the nutritional intake
(74).

Oxytocin is involved in the formation of social bonds and is associated with increased mother-
infant bonding (75). Additionally, oxytocin is hypothesized to be released in stressful situation
in order to decrease psychological stress levels. It has been observed that high oxytocin levels
lower the secretion of norepinephrine levels in stress situations and thus keep the blood pressure
and heart rate at normal levels (75). Consequently, stress levels of mothers and infants can be
reduced by strong bonding and enhance milk production as well as the digestion of nutrition by
the infant (74).

A strong emotional bond also boosts the mother’s confidence and persistence in feeding their
child. Rosenblad et al. (2022) found that mothers who were more confident in breastfeeding
perceived better state-regulation in their infants (76). The state-regulation describes the infants
ability to maintain their behavioral and psychological states referring to crying, sleeping and
feeding (76).

Better state-regulation and more persistence feeding is essential in establishing effective feed-

ing routines as well as improving adequate nutrition.

4.2.2 Breast milk extraction

Another challenge in providing proper nutrition for preterm infants is problems with breast milk
extraction. Preterm babies may not be able to suck, swallow or even latch on the breast to extract
milk (77). However, the breast tissue requires regular feeding stimulation to produce breast
milk. If the baby is unable to suck and extract the milk, stimulation will be insufficient and as
a consequence less milk is produced by the breast tissue.

Another reason for insufficient milk production may be the underdevelopment of the glandular
breast tissue during pregnancy (77). Particularly in mothers of preterm babies, the breast may
not be fully developed to provide sufficient nutrition for the infant. The development of this
tissue and the milk production itself can also be influenced by previous breast reduction surger-

ies, radiation therapies, hormonal imbalances as well as the intake of certain medications.

5. Enteral nutrition

Enteral nutrition of newborns is necessary in preterm babies as they have not established the

ability to suck and swallow and therefore can not be orally fed.
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Enteral nutrition in preterm newborns is done by different routes, either the application of a
nasogastric or orogastric tube (7). Different feeding strategies have been developed, detailing
how to feed preterm newborns enterally, ensuring appropriate weight gain and growth is main-
tained and risk of complications are reduced (7). Infants who weigh less than 1800g or who are
younger than 32" GW require tube feeding, as only after the 34" GW babies are able to coor-

dinate sucking, swallowing and breathing and therefore can only be orally fed (50).

5.1 Trophic feeds

Trophic feeds, also referred to as minimal enteral feedings, are small volume enteral feeds. They
are hypocaloric feedings which have the purpose of stimulating the gut and acclimate it to en-
teral feeds. The amount of feeds are insignificant and only reach 20 ml/kg/day. They are dis-
tributed over the day so that the gut is stimulated in regular intervals, every three hours (7).

In enteral fasting, the gut lacks stimulation which is associated with complications like decrease
in size or even gut atrophy (7). Intestinal enzymes do not develop without any trigger and with
a lack of enteral nutrients, the gut becomes more permeable and thus susceptible for the invasion
by pathogens (78). Other complications associated with enteral fasting are hyperbilirubinemia,
infections, cholestasis, or metabolic complications (79).

Therefore, early initiation of trophic feeding is recommended and should start within the first
six hours of life (7). According to Chitale et al. (2022), an early initiation of enteral feeding is
suggested, as it is thought to be associated with lower risk of mortality (80). Concerns about an
increased risk for NEC with early trophic feeds initiation could not be confirmed by a meta-
analysis (81). Further benefits of an early initiation include a better feeding tolerance and faster
maturation of the gut motility (7). Trophic feeds are best started with unfortified breast milk.

Alternatively, pasteurized donor milk can be used (7).

5.2 Advancement of feeds

It is important to increase enteral nutrition in appropriate amounts to avoid complications such
as NEC (7). A meta-analysis detected that an early advancement of enteral feeding, meaning
before the fourth day of life, compared to a late advancement, after the fourth to seventh day of
life, did not show an increased risk for the development of NEC (81). Other observations even
suggest a reduced risk of mortality, NEC, sepsis and feeding tolerance when advancing the
feeds faster (82). Furthermore, the newborns that had their enteral feeding increased at an earlier

stage, subsequently reached the full feeds earlier on (81). In a systematic review of Yang et al.
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(2022), it is stated that rapid advancement of 30 ml/kg/day or more, would reduce the time to
regain birth weight by nearly 4 days and shortened hospital stays by up to 3 days (82).
According to ESPGHAN guidelines, an appropriate daily advancement is about 18-30 ml/kg
starting after the 4™ day of life (17).

5.3 Feeding techniques in enteral nutrition

The different feeding techniques are evaluated in studies and have advantages and disad-

vantages in different conditions. Infants can be fed intermittently or via a continuous infusion.

Intermittent feeding

Intermittent feeding is defined as delivering enteral nutrition several times a day for about 15
to 30 minutes every two to three hours (83). This method is used in order to mimic the natural,
physiologic feeding routine. It stimulates the secretion of digestive hormones like gastrin, gas-
tric inhibitory peptide and insulin and therefore leads to the stimulation and development of the
gastrointestinal tract (84). Additionally, intermittent feeding induces greater protein synthesis,
as the cyclic ingestion of amino acids and the secretion of insulin leads to an induction of ana-
bolic pathways in skeletal muscles (85).

However, intermittent feeding may be associated with a higher risk of feeding intolerance (86).
With bolus infusions, the capacity of the small GI tract may be easier exceeded than with con-

tinuous feeds.

Continuous feeding

Continuous feeding is the administration of enteral nutrition at a constant speed for 24 hours
(87). This method is more suitable for infants with a birth weight lower than 1000g or infants
with gastrointestinal diseases (88). As the nutrition is continuously administered, digestive hor-
mones, like gastrin and insulin, are constantly present at higher levels. This enables a better
absorption of nutrients and lower energy expenditure for the hormonal surges (89). Respec-
tively, intermittent feeding is associated with higher energy consumption (90).

However, a study by Jawaheer et al. (2001) showed, that continuous feeding may cause biliary
stasis and gallbladder enlargement, because gallbladder emptying only occurs after bolus feeds
(91). A study by Rogers et al. (2010) showed that nutrient losses of key minerals and fats were
observed in the method of continuous feeding (92). These losses were minimized in bolus feeds.
It was therefore hypothesized that the nutrients may be lost within the delivery system which is
more likely in continuous feeding.
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Comparing these two methods, a meta-analysis has shown that the time to achieve full feeds in
preterm infants is longer in the continuous feeding method than with intermittent feeds (86).
However, according to the above-mentioned meta-analysis, other variables like feeding intol-
erance, growth parameters, risk for NEC and many more, did not show a significant difference

between the two feeding methods.

5.4 Types of food in enteral nutrition

5.4.1 Maternal milk

Maternal milk is the best choice of nutrition for a newborn as it provides many benefits for their
growth and development. Especially colostrum, the initial milk secretion from the mother’s
mammary glands, is rich in many immunoactive substances which can help protect infants
against infectious diseases.

Observations indicate that infants fed with human milk have fewer respiratory and gastrointes-
tinal infections in their early weeks of life, compared to newborns who are not fed with human
milk (93).

Additionally, human milk feeding is associated with lower rates of late-onset sepsis in preterm
newborns. This beneficial effects is due to the presence of maternal antibodies and other factors
supporting the host defense like lactoferrin, cytokines and lysozymes in maternal milk (94).
Furthermore, the immunoactive substances like IgA antibodies and lactoferrin also contribute
to the development of the mucosal immune system, preventing inflammation (95). The positive
effect on the gut’s integrity and the provision of immunological factors, aid the infant in de-
fending against pathogens.

Oligosaccharides in the breast milk act as a probiotic agent. They prevent the adhesion of path-
ogenic bacteria to the intestinal wall and promote the development of a healthy microbiome
(95). This supports the colonization of beneficial commensal bacteria in the infant’s intestine.
Preterm infants, who are at increased risk for developing NEC, particularly benefit from the
intake of human milk. A comparative study by Montjaux-Régis et al. (2011) observed that pre-
term infants fed with their mother’s own raw milk had decreased incidences of NEC, as well as
improved weight gain (96).

Further research by Maayan-Metzger et al. (2012) observed lower rates of ROP in preterm in-

fants fed with human milk compared to preterm infants fed with formulas (97).
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Several studies have also shown that preterm infants fed with human milk have lower levels of
low-density lipoproteins, blood pressure, as well as decreased rates of metabolic syndrome
when they reach adolescence compared to those fed with formulas (98,99). Moreover, the over-
all risk of mortality is up to 12% lower in infants fed with human breast milk than in non-
breastfed infants (100).

According to the WHO, breastfed children are less likely to become overweight or obese and

tend to perform better in intelligence tests (101).

5.4.1.1 Colostrum

The colostrum is crucial for newborn infants due to its high content of immunomodulating fac-
tors like lactoferrin, oligosaccharides and immunoglobulins, making it “the infant’s first immu-
nological protective agent” (102). Especially lactoferrin, a glycoprotein, is important for its

antioxidant, anti-microbial, anti-inflammatory as well as immunomodulating functions (102).

At birth, the immune system of a newborn is still immature, relying primarily on IgG immuno-
globulins, which are present at levels comparable to those in adults and are provided by the
mother via the placenta during pregnancy (103). IgA immunoglobulin are acquired by the new-
born infant through breastfeeding, playing a critical role in the first-line defense against patho-
gens (102). A comparative study by Kohler et al. (2002) found that IgA levels in breast-fed
infants are higher than in formula-fed infants (104). Other observations show that the IgA con-
tent is higher in colostrum and breast milk of mothers of preterm babies than in mothers of term
babies, indicating that the mother’s body adapts to provide additional immunological support
for preterm infants (105).

Preterm infants are in need for immunological support as they are at increased risk for devel-
oping diseases like NEC or late-onset sepsis (102). Therefore, the early administration of co-
lostrum is critical. Ideally, colostrum is already provided within the first six hours of life (7). It
is administered with a syringe into the preterm newborn’s mouth to ensure the absorption of

immunoglobulin A and lactoferrin by the buccal mucosa (106).

5.4.1.2 Maternal milk composition

Maternal milk is composed of water, proteins, lipids, carbohydrates, minerals, and vitamins.
Depending on the mother’s condition, the lactational stage and the time of expression, the com-

position of maternal milk can vary among lactating women (107).
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The protein content of maternal milk in the first two postnatal weeks is between 1.5 to 2.2 g/dl
and decreases to 1.0 to 1.4 g/dl after the third postnatal week. The main types of protein in
human milk are whey and casein. Whey is a soluble protein that makes up about 20% of all
milk proteins (107). It includes proteins like alpha-lactalbumin, lactoferrin, lysozyme and oth-
ers, which have immunomodulatory and gastrointestinal functions (107). Casein, on the other
hand, is a denser protein, making up about 80% of milk proteins. They can be subdivided into
alpha -, beta - and kappa-caseins and they possess immunomodulatory and antibacterial prop-
erties, as well as an antithrombotic and antihypertensive activity (107). In human milk, whey
and casein are found in a ratio of 80:20 respectively.

The lipid content in human breastmilk is around 2.6 to 3.7 g/dl (107).
Fats make up around 3.9% of human milk and account for 40-50% of the total energy intake.
Most lipids in human milk are triglycerides which contain many different types of fatty acids.
They can be either short-, medium-, long- or very-long chain FA, as well as saturated or unsatu-
rated (mono- or polyunsaturated). Every type of FA has important health benefits for the new-
born (107).

The carbohydrate content in human milk ranges from approximately 7 to 7.3 g/dl (107). Various
types of carbohydrates are present with lactose being the predominant carbohydrate, accounting
for 70-85% of all carbohydrates in human milk. However, preterm infants often struggle to
digest lactose due to their lower lactase levels compared to term babies (107). Nonetheless,
undigested lactose still provides important biological benefits in the intestine. It promotes the
growth of beneficial microbiota and facilitates the absorption of calcium, magnesium and zinc
(107). Additionally, undigested lactose that reaches the colon undergoes bacterial fermentation
and can eventually be absorbed there.

Other carbohydrates include oligosaccharides, which are short-chain or complex carbohydrate
formations, that vary in their form. Oligosaccharide have immunomodulatory and antimicrobial
functions as well a prebiotic effect (108). Prebiotics are food components that are not digested
in the GI tract and reach the colon intact. In the colon, they promote the growth of the beneficial
microbiota, contributing to gut health.

The sodium content in preterm milk is higher than term milk in the first two weeks of life, but
eventually fall to the same levels as term milk which are 12 to 25 mg/dl (107).

Calcium and phosphorus are not sufficiently available in human milk to meet the newborn’s
needs and ensure a healthy bone development (107).

Vitamin D and iron are also very low in human milk and need supplementation to provide ade-

quate nutrition (107).
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Other electrolytes, minerals and trace elements like potassium, magnesium and zinc are also

not present in human milk in sufficient amounts and need to be supplemented (107).

To ensure the composition of human milk is able to fully meet the daily nutrition needs of a
preterm infant, quite high volumes would need to be administered. For example, the daily pro-
tein requirement for preterm infants is 3.5-4.0 g/kg/day. Human breast milk contains 1.5 to 2.2
g/dl. For a 1000g heavy infants the required intake would be 350 to 450 ml per day. However,
daily fluid intakes for preterm infants should not exceed 140-160 ml/kg/day which would cor-
respond to 140-160ml for a 1000g heavy infant. In order to provide sufficient proteins, nearly
double the volume tolerated by the preterm baby would need to be administered. This also
applies for lipid as well as carbohydrate administration. Therefore, fortifiers are needed to in-
crease the concentration of contents without increasing the volume. Fortifiers for human breast

milk are discussed in the chapter below.

5.4.1.3 Difference between breast milk from mothers of preterm and term infants

Mother’s breast milk composition varies according to the age of the infants. Expressed breast
milk from mothers who gave birth to preterm infants has a different composition than the breast

milk of mothers with term babies.

A systematic review and meta-analysis from Fenton et al. (2014) studied the differences in
composition between preterm and term mother’s milk (109). Their observations show that the
energy content per 100 ml of breast milk is higher in preterm breast milk than in term breast
milk. In the babies’ second week of life, the energy content of preterm breast milk is 71 kcal
per 100 ml, whereas the term breast milk only contained 67 kcal per 100 ml. In week three and
four, the energy content of preterm breast milk increases, whereas the energy content for term
breast milk slightly decreases. The protein content of preterm breast milk is also higher than
term breast milk. In the first week of life, mother’s milk for preterm babies contains 2.2 g pro-
teins per 100 ml, whereas term breast milk only contains 1.8 g proteins per 100 ml. The protein
content in breast milk generally decreases over the following weeks in preterm as well as in
term breast milk, however the protein content in preterm breast milk is always greater than in
term breast milk (109).

The fat composition is also observed to be higher in preterm breast milk. Around 2.6 g of fat

per 100 ml are estimated for preterm breast milk whereas term breast milk only contains 2.2 g
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of fat per 100 ml (109). The fat content gradually increases over the first weeks of life, however
the fat content in preterm breast milk stays always higher than in term breast milk.

Only calcium and phosphorus contents in preterm breast milk are observed to be lower than in
term breast milk. In the second week of life, the calcium content in preterm breast milk is 25
mg of calcium per 100 ml compared to 28 mg of calcium per 100 ml in term breast milk. The
phosphorus content in the second week of life is 15 mg per 100 ml in preterm and 17 mg per

100 ml in term breast milk.

5.4.2 Fortifiers

Human milk components are not dense enough in order to provide adequate nutrition for the
preterm infant. Much more volume of breast milk is needed to meet the daily requirements for
proteins than the maximal amount of volumes tolerated by infants. Additionally, the high vol-
umes would, on one hand, not be tolerated by the baby and on the other hand provide much
more calories to the infants than required.

For an adequate protein provision, which is around 3.5 to 4.0 g/kg, the infant would need to
receive around 350 to 400 ml per day, which equals around 180 to 240 kcal/kg (27). The average
needs of a preterm infant however are much lower, around 115-140 kcal/kg/day. Overnutrition
might even be harmful for the infants and would cause metabolic stress or lead to inappropriate
body compositions (27). Therefore, fortifiers can be used to enrich the breast milk with addi-

tional nutritional components.

The composition of different fortifier products varies among manufacturers. The table below
from the ESPGHAN guidelines compares different fortification products according to their nu-
tritional composition, in relation to the breast milk composition and the required daily intakes
of a preterm infant.

Below, table 2 details how some fortifiers are rich in carbohydrates (2.7 g/dl) and low in fats (0
g/dl). They take their main energy source from carbohydrates (Milupa — Aptamil HMF and
Nutricia — Nutriprem HMF).

Other products provide their energy mainly through fat. Their fat composition is as high as 0.7
g/dl and their carbohydrates reach between 1.3 to 2.5 g/dl (Nestle — PreNan HMF and Abbott —
Similac Human Milk Fortifier hydrolized Protein Concentrated Liquid).

However, all products provide nearly the same amount of total energy (14.4 — 17.4 kcal/dl).

It is still unclear which of the products are more beneficial for the best growth of infants, how-

ever some clinical trials suggest that products with increased fat contents may lead to amino

23



acid oxidation and therefore an impaired protein synthesis (110). Excessive amino acid secre-
tions lead to increased BUN levels and are toxic for the infants (27). A more balanced fat to
carbohydrate ratio is favored.

ESPGHAN recommendations determine an appropriate fortification composition, based on a
fluid intake of 160 ml/kg/day and comprise 1.7g of proteins, 0.5 g of fats, 1.2 g of carbohydrates
per 100 ml (27).

Table 2: Macronutrient composition of fortifier products available in Europe and North America, human milk

composition and targeted levels according to ESPGHAN

Routine Fortifier Fat Protein CHO Energy Ref
[e/dl) le/dl) [g/dl) [keal/dl]

Milupa — Aptamil HMF 0 11 2.7 15.2 [30]
Mead Johnson - EnfaCare 1 11 0.4 15.0 [32]
Nutricia - Nutriprem HMF 0 11 2.7 15 [33]
Abbott - Similac Advance 0.36 1.0 18 14.4 [34]

Liquid HMF
Nestle - PreNan HMF 0.72 1.4 1.3 17.4 [31]
Abbott = Similac Human Milk 0.7 1.7 2.5 15 [35]
Fortifier Hydrolized Protein
Concentrated Liquid
Native human milk 34-40 1.0-1.3 7.0-8.0 65 [7,8,11]

Recommended nutrient 4.4 2.7(-3.0) 8.8 86 ESPGHAN

composition (assuming a TFI

of 150 mi/kg/d) ‘ ‘ ‘ | ‘ ‘

Source: Fusch C. ESPGHAN Committee of Nutrition (CoN) Position Paper on Enteral Nutrition for Preterm In-
fants: Breast milk fortification, Supplementary Digital Content no. 19. 2022.

The recommended starting period for fortification use varies within the literature. One sugges-
tion is to introduce the fortification as soon as full enteral nutrition is reached, which implies
an administration of 150 ml/kg/day (27). The fortification provided initially is at half strength
and after the first two days, full strength fortification can be used. However, other studies re-
ported that full strength fortification is well tolerated by infants from the first day onwards
(111). Consequently, ESPGHAN guidelines conclude that there is no definitive recommenda-
tion for the timing of fortification initiation. Early introduction may be as safe as late introduc-
tion. ESPGHAN recommends the introduction of fortifiers when enteral nutrition reaches 40 to

100 ml/kg/day (27).

Not only does the breast milk composition differ between mothers, the mother’s own breast
milk may also change from day to day. Therefore, individualized fortifiers may contribute to

an optimal nutrient provision.
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Adjustable fortifiers are adjusted according to the infants’ BUN levels (27). They reflect the
protein utilization and therefore their requirements. High BUN levels indicate excessive protein
intake and low levels may reflect that there is a higher metabolic capacity for protein intakes.
To assess an infants’ BUN levels, frequent blood sampling is needed. However, the changes to
BUN levels in response to any intervention may be delayed, due to slow acting metabolic ad-
aptations.

For targeted fortifiers, the mother’s breast milk is collected and analyzed concerning its com-

position and the infants’ requirements (27). According to guideline recommendations, macro-
nutrients are added to a satisfactory level which meets their needs. This method requires more

effort from the staff but may be optimal in mothers whose milk has unequal compositions.

Both, adjusted and targeted fortification can contribute to improved growth rates in preterm
infants (112,113). Targeted fortifiers, in particular, can effectively compensate nutritional defi-
ciencies and support better growth (27).

Markedly, donor milk is susceptible to decreased protein content. Mostly, donors of breast milk
are mothers with prolonged or excessive milk production, meaning most mothers donate their
milk after they have fully provided for their own child. Evidence shows that protein content
decreases during lactation (107). Additionally, the process of pasteurization also decreases the

protein content. This makes individualized fortifiers especially useful for donor milk.

5.4.3 Donor breast milk

Donor breast milk is donated by lactating mothers to a milk bank, where it undergoes processing
before being provided to other infants. This practice supports infants, whose mothers may strug-
gle in expressing breast milk and providing sufficient amounts for their baby. Donor milk serves

as an alternative for those babies, offering similar nutritional benefits.

The first milk bank opened in 1909 in Vienna, Austria (114). In America, the first milk bank
was established in 1919. However in the 1980s, milk banks started closing due to the fear of
transmitting HIV (115). Nowadays, the donated milk is pasteurized, screened and serologically
tested to ensure the safety of donor milk distribution (115).

In Europe, there are currently 282 active milk banks in 31 countries with 18 more planned (116).
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Prior to donation, the donor must undergo several screening tests, an interview and get a medi-
cal approval. Mothers are not allowed to take medications, drink alcohol and smoke during their
phase of donation.

Human milk is treated like a human body substance, so extracting, processing and storing it
must be done in an appropriate manner (115). The mothers extract their feeds, freeze it and
transport it to the milk bank. The milk bank combines the milk from up to four different mothers
and takes a bacterial culture to exclude any contamination. Later, the milk undergoes Holter
pasteurization (62.5°C for 32 minutes) (115). After pasteurization, another culture is taken. Be-
fore pasteurization, any pathogen isolated greater than 10* colony forming units per ml cannot
be used. Additionally, any positive culture found before or after pasteurization, cannot be used.
The milk is then frozen and awaits the recipient. The process of pasteurization has several ef-
fects on human milk. The primary aim of this procedure is to deactivate bacterial and viral
components like cytomegalovirus. The main nutritional components like fats, carbohydrates or
salts stay unchanged (115). However, as proteins are sensitive to warm temperatures, about 13%
of all protein content is denatured during this process (115).

The pasteurization process negatively affects some bioactive and immunological factors in ma-
ternal breast milk. It has been observed that the concentrations of IgA antibodies in the pasteur-
ized milk are 51% lower than before the process (117). IgG antibodies are reduced to 66% and
IgM antibodies are completely destroyed (115). Lactoferrin levels are lowered by 91% of its
original level (117). The lysozyme activity in the human milk, responsible for attacking bacte-

rial walls and serving as an immunological component, is reduced by 75% (115).

Donor milk is especially useful for babies in very vulnerable states which includes prematurity.
Observations show that donor milk has advantages over preterm formulas as they contain bio-
active substance which reduce the risk of NEC and sepsis, whereas preterm formulas contain

substances which increase the risk (118).

5.4.4 Special formulas

Formulas created for preterm infants are recommended when sufficient maternal milk or donor
milk is not available.

The formulas try to mimic the properties of human milk as closely as possible. These special
formulas contain extra calories and minerals to ensure they meet the preterm infant’s needs. A
study by Yu et al. (2019) shows that preterm formulas have an advantage over donor milk as

they contribute to a greater weight gain (119). Formulas have a higher caloric density and
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protein content. Children fed with preterm formula regained their birth weight faster than those
fed with donor milk (120).

The feeding tolerance of formulas are observed to be similar to feeding tolerance of human milk
(120). However, the time taken to reach full enteral nutrition was longer than with human milk
or donor milk. As mentioned above, feeding infants with formulas may increase the risk of NEC

and sepsis (120).

The composition of preterm formula is the following:

The protein content ranges from 2.2 to 3.3 g/dl (107). The amounts can vary among manufac-
turers. The whey:casein ratio in preterm formulas is usually adapted to the human milk ratio,
80:20. Higher whey content makes digestion for the infant easier due to its higher solubility.
Fat concentrations in range between 3.4 and 6.7 g/dl also vary according to the manufacturer
(107).

Carbohydrates are found in amounts between 7.0 to 10.9 g/dl (107). Every component of the
preterm formula is present in higher amounts than simple human milk from mothers with pre-
term infants. In particular, lipids and carbohydrates are added in higher amounts and may be

the reason for greater weight gain.

6. Parenteral nutrition

Parenteral nutrition (PN) is a crucial method to sufficiently nourish preterm newborns if enteral
nutrition is not tolerated or the intestine fails to digest and absorb nutrients. PN helps limit
catabolic processes and covers their nutritional needs to enable growth (121).

Ideally, parenteral nutrition is a temporary feeding method used until the newborn can fully
transition to enteral feeding.

Indications for initiating parenteral nutrition include preterm newborns born before 315 +0 GW
and those older than 31% +0 GW if sufficient progress is not made with enteral nutrition in the
first 72h after birth (122). Preterm and term infants with underlying GI disorders or other crit-
ical illnesses also benefit from parenteral nutrition (122).

While infants are fed parenterally, enteral feeds are also introduced simultaneously whenever
feasible to maintain gut integrity (123). The transition from parenteral to enteral nutrition is
made gradually. Enteral nutrition is increased while parenteral nutrition is weaned as long as it
is tolerated. This transition phase is particularly vulnerable to inadequate nutrition, which may

result in negative growth outcomes (124). To maintain good nutritional intake, the PN should
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be reduced slightly faster than enteral nutrition is increased (125). Excessive fluid intake may
impede the baby’s tolerance to enteral nutrition (125).

Parenteral nutrition can be discontinued once enteral nutrition constitutes two-thirds of the total
fluid intake, between 140-150 ml/kg/day (126). During the transition from parenteral to enteral
nutrition, careful consideration should be given not only to the volume but also the tolerance,

type, and composition of enteral feeds to avoid nutritional deficits (127).

6.1 Vascular access for parenteral nutrition in preterm newborns

In order to administer parenteral nutrition, a reliable venous access has to be established. There

are peripheral intravenous lines as well as central venous catheters (CVC).

Peripheral intravenous lines

Peripheral venous catheters are inserted into small veins of hand, feet, or even the scalp of the
preterm newborn. They are easily and quickly placed, making them the preferred choice for
short-term parenteral nutrition and fluids.

Peripheral parenteral nutrition should be considered when short-term parenteral nutrition is an-
ticipated (less than 5 days). It can also be used when a central line is impractical, or to avoid
delays in starting or interrupting the delivery of parenteral nutrition (128).

When using peripheral lines, the maximum osmolarity for solutions should be limited to ensure
safety. Solutions with an osmolarity up to 900 mOsm/I can be safely administered via peripheral
venous access (129). For example, lipid emulsions or isotonic solutions are suitable for periph-
eral administration as well as glucose solutions of maximally 12,5% (128,130). Higher osmo-
larity fluids pose a greater risk for tissue damage in case of extravasation (131). Due to the
tendency of displacement of peripheral accesses, special care should be taken when adminis-
tering higher osmolar solutions. Therefore, peripheral venous access is a preferred method of

administration for some parts of the nutritional supply (125).

Central venous catheters

There are different types of central venous catheters. They can either be peripherally inserted
central catheters (PICCs) or centrally inserted CVCs.

PICCs are inserted into a peripheral vein in the arm and advanced to the central vein.
In contrast, centrally inserted CVCs are placed into large veins such as the subclavian, jugular,
or femoral vein and extended to the superior vena cava or right atrium. They can also be inserted

into the umbilical vein known as umbilical venous catheter (UVC) (128).
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According to ESPGHAN guidelines, non-tunneled PICC are recommended fort short- and me-

dium-term use, while cuffed, tunneled CVC are used for long-term applications (132).

The use of umbilical vessel catheterization is often used for short-term access as recent studies
suggest higher incidences of catheter related blood stream infections (CRBSI) in long-term um-

bilical venous catheterization (up to 28 days) compared to short-term catheterization (133).

Central lines are used for the delivery of high concentration nutrients or fluids. Due to their
large bore, highly concentrated substances as well as high-volume mixtures can be safely ad-
ministered which are particularly necessary for preterm infants requiring high concentrated nu-

tritional solutions (134).

Conclusion

Arandomized comparative trial found that neonates receiving parenteral nutrition via peripheral
catheters are more likely to be in nutritional deficiency than those receiving PN via a central
venous catheter (135). This is due to the limited capacity of peripheral lines being unable to
accommodate highly concentrated or high-volume nutrient mixtures.

However, in the early development of preterm newborns, adequate and sufficient nutrition is
essential for brain growth. The use of central venous catheter enables the administration of
highly concentrated nutrient solutions making them the recommended choice for prolonged
parenteral nutrition in preterm newborns (136).

Although the placement of CVCs is more invasive, they offer more stability, reducing the need
for frequent changing and thereby lowering the risk of sepsis (136).

Additionally, CVC have a lower risk of causing irritations and damage to small peripheral veins.
Peripheral accesses tend to displace easily and cause direct damage, such as thrombophlebitis,
leading to extravasation of the administered fluids into the surrounding tissue (134). These is-
sues can jeopardize the appropriate nutritional supply (132).

Overall, CVCs are the preferred method of administration for parenteral nutrition. Their relia-
bility and stability ensure that the preterm infant receives the nutrients necessary for their

growth and development.
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6.2 Components of parenteral nutrition in preterm infants

Parenteral nutrition in preterm newborns should be started as soon as possible, ideally within
the first eight hours of life (122). Early administration of parenteral nutrition limits catabolic
processes and prevents hypocalcemia, reducing energy requirements from the beginning (121).
In the first four days of life, 40 to 60 kcal/kg/day should be administered to prevent the above-
mentioned complications (126). However, these energy levels are not sufficient to achieve nor-
mal rates of growth (121). Therefore, the daily caloric values of the parenteral nutrition are
gradually increased over time to reach full parenteral nutrition. For examples, over a course of

four days, energy values can be escalated from 75 to 120 kcal/kg/day (126).

Parenteral nutrition consists of proteins, lipids, vitamins, electrolytes, trace elements and glu-
cose. Depending on the day of life, the composition is adjusted each day until full parenteral
nutrition is achieved.

According to ESPHGAN guidelines, a preterm newborn, on its first day of life, should receive
around 80 ml/kg of fluids. This mixture should include 1.5 g/kg amino acids and 1 to 2 g/kg
lipids (126,137,138). Electrolytes like sodium, potassium and chloride are added only on the
second day of life (138).

Minerals like calcium, phosphate and magnesium are also included. On the first day of life, 0.8
to 2 mmol/kg calcium, 1-2 mmol/kg phosphate and 0.1-0.2 mmol/kg magnesium should be
administered (139). Additionally, 1g of vitamin per kilogram and 5.8-11.5 g/kg of glucose are
provided on the first day (140).

Over the next few days, the amounts of each component are gradually increased until full par-
enteral nutrition is reached.

At full enteral nutrition, the fluid intake for a premature newborn older than 5 days comprises
of 140-160 ml/kg/day (138). Amino acids (AA) are added in amounts of 3-4 g/kg/day (137).
Furthermore, 3-4 g/kg/day of lipids are added (141). Electrolytes are added in amounts of 2-5
mmol/kg/day of sodium, 1-3 mmol/kg/day potassium and 2-5 mmol/kg/day chloride are added
to the parenteral nutrition (138). Minerals are administered at 1.5-2.5 mmol/kg/day of calcium,
1.6-2.6 mmol/kg/day of phosphate and 0.2-0.3 mmol/kg/day of magnesium (139). Vitamins are
provided at 1g/kg/day and glucose at 11.5-14.4 g/kg/day (140).
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6.3 Types of parenteral nutrition in preterm infants

Parenteral nutrition is available in individually tailored as well as standardized solutions.

The advantage of an individualized solution is that they can be specifically customized for a

certain patient to meet his unique needs and ensure the optimal nutritional support (142). These
solutions can be adjusted daily based on laboratory values and other reflective indicators. This
approach is particularly beneficial in infants who are very fragile or vulnerable, such as those
with very low birth weight, who require intense nutritional monitoring.

Standardized solutions often fail to meet the complex nutritional needs of preterm newborns

and hence are prone to developing nutrient deficits (142). Consequently, tailored nutrition with

close observation and frequent adjustments is beneficial for their adequate growth (143).

The actual beneficial aspect of individualized nutrition lies not only in the customized solution
itself, but also in the frequency of monitoring and observation of the infant. This makes indi-
vidualized parenteral solution particularly suitable for more vulnerable groups of premature
infants (143).

On the other hand, according to the ESPGHAN guidelines on pediatric parenteral nutrition,
standardized parenteral solutions “should generally be used over individualized parenteral nu-
trition in the majority of pediatric and newborn patients” (142). These solutions are suitable for
most the patients and offer adequate nutrition. A study by Krohn et al. (2005) has shown that
standardized solutions offer better electrolyte balance for calcium and phosphate intakes (144).
A study by Simmer et al. (2013) revealed that standardized solutions provide higher nutrient

intakes and eventually lead to a greater weight gain and less nutritional deficits (145).

6.4 Side effects of parenteral nutrition in preterm newborns

Benefits and disadvantages of PN should be carefully evaluated to determine the optimal dura-

tion of parenteral nutrition and appropriate time for transitioning to enteral nutrition.

On one hand, parenteral nutrition is a method which provides the ideal energy composition. The
energy sources can be immediately used, as they do not need to be digested or processed (127).
However, PN may also be concomitant with side effects and complications. One significant

source of complications is the CVC, which can cause blood stream infections in parenterally
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nourished infants. Furthermore, PN can negatively affect various organ systems.

The most common complication of CVC usage are central-line associated bloodstream infec-
tions (CLABSI), which are highly dangerous for preterm newborns and associated with high
morbidity and mortality (130). CLABSI often lead to intestinal failure and can negatively im-
pact the neurodevelopment of babies (130,146). The incidence of catheter-related invasive in-
fections ranges between 5- 40% (136).

A CVC can also become mechanically occluded. Nutritional components like lipids or calcium
phosphate complexes may precipitate in the catheter, causing occlusion (130). Thrombus for-
mation in the catheter is another serious complication as it can lead to embolization in major
vessels such as the superior or inferior vena cava or the pulmonary artery (130). Thrombotic
events are associated with increased morbidity and mortality of preterm newborns (130).
Extravasation of infused fluids into extravascular space is rather rare when using CVC, how-
ever, it can be life-threatening if it leads to cardiac tamponade, pleural effusion, or cardiac ef-

fusion.

Long-term PN can also lead to metabolic bone diseases, caused by imbalances in calcium, phos-
phorus or vitamin D levels, aluminum contamination, or disturbed energy levels (130). Symp-
toms include frequent fractures, osteoporosis, and pain.

Moreover, PN can cause liver diseases. Excessive administration of certain components like
amino acids or glucose can harm the liver. Hyperinsulinemia resulting from PN is associated
with steatosis, and increased energy supply leading to liver lesions (130).
The lack of enteral nutrition decreases bile flow, potentially leading to bile acid sludge for-

mation and cholestasis (130).

6.5 Monitoring of parenterally fed preterm newborns

Newborns receiving PN should be regularly monitored to detect any changes or abnormalities.
Monitoring helps to reflect the efficacy and adequacy of PN composition for each infant. Nu-
tritional deficits can be detected before clinical symptoms arise, which allows for early inter-
vention, preventing negative outcomes (147). However, monitoring should occur at intervals

that provide sufficient information without harming or distressing the infant.
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Key monitoring parameters include the following.

Blood glucose is measured at least twice a day (121). Hypoglycemia and hyperglycemia can
occur quickly and pose a life-threatening risk to the newborn. Frequent blood sampling is nec-
essary to maintain blood glucose values within the target range.

Electrolytes, BUN and creatinine should be measured every one to two days initially, then re-
duced to two to three times weekly (121). Sodium levels reflect the renal tubular reabsorption.
BUN indicates protein intake, low values suggest insufficient protein intake, while high values
indicate excessive intake (147). BUN levels below 1.6 mmol/l are considered inadequate (147).
Creatinine reflects the kidney function.

Serum calcium, serum phosphate and alkaline phosphatase should be monitored after the first
week of PN and then every two weeks (121). These values assess bone mineralization and help
identify potential metabolic bone diseases (147). Additionally, calcium and phosphate are also
measured in urine samples. Absence of both minerals in urine suggests inadequate intake. If
only calcium is present in the urine, phosphate intake is too low, and vice versa.

Triglycerides should be monitored once infants receive at least 2 g/kg/day of lipids, to ensure
adequate lipid intake, as well as liver function (121).

Liver function can also be assessed by monitoring alanine aminotransferase (ALT), aspartate
aminotransferase (AST), cholestasis parameters bilirubin and gamma-glutamyl transferase
(GGT). These are assessed after the first week of PN and then every one to two weeks (121).
The iron status should be monitored to ensure adequate levels, as iron is essential for blood
production, erythropoiesis, and impacts motor skills and language development (147). Iron is
supplemented parenterally in infants who cannot maintain an adequate iron status using enteral

iron supplements. Monitoring is important to prevent iron deficiency or iron overload.

7. Supplementations for preterm newborns

7.1 Vitamins

7.1.1 Vitamin D

Vitamin D insufficiency is prevalent in premature newborns. A study by Park et al. (2015) in-
vestigated the vitamin D status of 278 preterm newborn infants. The results revealed that ap-
proximately 98,9% had vitamin D deficiency which highlights the critical need for vitamin D
supplementation (148).
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Vitamin D plays a vital role in bone metabolism and the development of the innate immune
system. The active form of vitamin D, 1,25dihydroxyvitamin D is responsible for regulating the
intestinal absorption of calcium. Mineral bone deficiency typically results from a lack of cal-

cium and phosphate, but vitamin D deficiency also contribute to a poor bone health (149).

Vitamin D deficiency has no official definition according to serum levels, however the ES-
PGHAN committee agreed to define severe vitamin D deficiency as serum 25-hydroxy vitamin
D levels below 25 nmol/l (149). Sufficient values for premature infants are > 50 nmol/l, how-
ever values over 120 nmol/l should be avoided to prevent hypervitaminosis. Several studies
have investigated the optimal daily intake of vitamin D for preterm infants, comparing the in-
take of 400 IU and 800IU. They concluded that the intake of 800 IU per day is more effective
in raising serum levels of 25-OH Vitamin D and improving the bone density (150,151). Addi-
tionally, higher vitamin D intakes are associated with better immune system development. One
study found that infants receiving 800 [U/day vitamin D3 had an increased expression of T
regulatory cells compared to those receiving only 400 [U/day (152).

Based on the available data, ESPGHAN guidelines recommend 400 to 700 [U/kg/day of vita-
min D supplementation during first month of preterm infants with a body weight <1800g (149).

The maximum recommended intake is 1000 IU per day.

7.1.2 Vitamin K

Vitamin K is responsible for the synthesis of coagulation factors II (prothrombin), VII, IX and

X as well as anticoagulation proteins C and S (149).

During pregnancy, the transfer of vitamin K from the mother to the fetus is insufficient and
breast milk also does not contain adequate amounts to meet the needs of an infant. In most
cases, term infants only reach 50% of adult levels of vitamin K while preterm infants levels are
even lower than their term counterparts (153). Additionally, conditions like liver diseases in
preterm infants can further aggravate the production of clotting factors (149).

Therefore, supplementation with vitamin K is crucial for all newborns to prevent complications
like vitamin K deficiency bleeding. This complication can occur early (within the first 24h), in
the first week of life, or even after the first week of life, and is associated with high mortality

rates (149).
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Prophylactic vitamin K administration is standard practice for every newborn.
However, due to the scarcity of studies concerning dosing of vitamin K supplementation in

preterm newborns, the dosing regiments vary among medical centers.

The American Academy of Pediatrics (AAP) recommends a single dose of 0.3 mg/kg adminis-
tered intramuscularly for preterm infants weighting <1000g (154).

ESPGHAN guidelines on parenteral nutrition recommend an intravenous or intramuscular in-
jection of 0.1-0.2 mg/kg vitamin K at birth for preterm newborns, followed by a continuous

daily parenteral intake of 10-20 pg/kg (155).

7.2 Probiotics

Probiotics are defined as “live organisms that, when administered in adequate amounts, confer
a health benefit to the host” (156). Within medical curing strategies, probiotics are becoming
increasingly popular.

Probiotics improve the intestinal barrier by reinforcing the tight junctions between enterocytes
and enhance the mucus layer on the intestinal gut (157). Additionally, they help colonize the
gut with beneficial bacteria in order to create a balanced microflora that can prevent the over-
growth of pathogenic bacteria and protect against diseases (158). Several studies showed that
probiotics are useful for reducing the risk NEC, sepsis and even mortality rates among preterm
infants (159).

Despite the benefits of probiotics use, it is still unclear which type of strains, dosages, and
duration of probiotic administration are most beneficial (159). The market currently offers a
wide range of probiotic products, some of which lack quality and are often administered without
robust evidence of their benefits.

The administration of probiotics may not always be appropriate and safe for every infant. Ob-
servations have shown that probiotic use can have side effects including systemic infections,
excessive immune stimulation, gastrointestinal issues, and the potential for gene transfer of
antibiotic resistances (160). Further observations have indicated, that some probiotic strains can
exploit the weakened and immature host defense of preterm infants, allowing dangerous, op-
portunistic pathogens to worsen the infant’s condition (161). Notably, B infantis and L rhamno-
sus GG have been associated with bacteremia (159). There have been instances where infants
on the NICU developed probiotics-induced bacteremia due to cross colonization, even if they

did not directly receive probiotic supplementation (159).
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Therefore, it is crucial to carefully evaluate the benefits and risks of different probiotic strains

in reducing the risks of NEC.

According to available data, the ESPGHAN committee recommends the use of L rhamnosus
GG ACT 53103 at dosages from 1-6 x 10° CFU or the combination of B infantis Bb-02, B lactis
Bb-12, and Str thermophilus TH-4 at dosages of 3.0-3.5 x 10® CFU of each strain. These strains
and their combinations have been shown to reduce rates of NEC (159).

The duration of probiotic supplementation should be tailored individually for each infant, con-
sidering their specific conditions and risk factors (159). Further research and observations are
necessary to establish standardized guidelines for effective and safe use of probiotics in preterm

infants.

7.3 Iron supplements

Sufficient iron levels are crucial in preterm newborns due to iron’s role in heme synthesis, ox-
ygen transport, and cellular energy metabolism. These infants are born with lower iron stores
and have higher iron requirements than term infants, driven by their rapid growth. Additionally,
preterm infants often stay in the NICU for extended periods, where frequent blood sampling is
necessary and can further deplete their iron levels (162). Iron deficiency can lead to anemia,
which is associated with adverse outcomes in brain development, resulting in long term conse-
quences including poor cognitive and behavioral performances into adolescence (163).
Adequate supplementation can reduce iron deficiency anemia, decrease the need for blood
transfusions, and improve developmental outcomes (17). The initiation of iron supplementation
seems to play a critical role in preterm health outcomes. Infants who received supplementation
between their second to third week of life required fewer blood transfusion than those who
received iron supplementation only between week four and eight (17).

However, excessive iron is toxic to living cells and can cause oxidative stress (163). Further-
more, high iron levels can support bacterial growth, increasing the risk for infection. Iron over-
load has been associated with poor neurodevelopment and stunted growth of infants (162).
Ferritin is a good marker for assessing the iron status. Levels < 35-40 pg/l indicate an iron
deficiency whereas levels >300-350 pg/l indicate an iron overload.

Based on available data, the ESPGHAN committee recommends starting iron supplementation

with 2-3 mg/kg/day from the second week of life (163). Infants receiving erythropoietin have
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higher iron requirements, necessitating iron supplementation up to 6 mg/kg/day. Supplementa-

tion should continue beyond the hospital stay until the infant is six to twelve months old.

8. Discussion

The nutritional management of preterm newborns presents a complex, multifactorial challenge.
One of the main difficulties is not only meeting their daily caloric requirements but also accom-
modating their accelerated growth rates and increased energetic needs. The aim is to replicate
the conditions the infant would have experienced in utero. Preterm infants grow at significantly
higher rate necessitating greater caloric provision.

Additionally, preterm infants often develop medical conditions such as chronic illnesses, sepsis,
or other inflammatory conditions, which further elevate their metabolic demands.

To make up for these increased needs, the health care providers must enhance nutritional avail-
ability. However, further challenges complicate this seemingly simple task. Due to their imma-
turity, their digestive system is still underdeveloped and their capacity to absorb the nutrients
efficiently is also reduced. Consequently, not all nutrients and calories provided can eventually
be utilized effectively.

Moreover, the preterm infant’s inability to suck and swallow appropriately makes the provision
of oral feedings difficult. Very premature babies may require a total parenteral nutrition in their
first days of life. However, this feeding method also entails risks and may hinder the develop-
ment of the gastrointestinal system which further impedes appropriate nutrition. Furthermore,
the administration of antibiotic treatment and a subsequent disruption of the microbiome com-
plicate a proper development of the GI system.

Another challenge is providing a large amount of calories, in a relatively small volume of fluid,
as preterm newborns can only tolerate limited amounts. Additionally, normal breast milk often
falls short in covering the nutritional needs essential for a preterm baby. In order to obtain the
optimal composition of the newborn’s diet in small volumes, fortifiers need to be added.
Despite this, human milk remains the best option for preterm newborns as it provides immuno-
active substances, essential for the development of the newborn’s immune system. Ensuring a
consistent supply of human breast milk poses another challenge particularly in mothers of pre-
term infants as they may encounter difficulties in expressing sufficient amounts of milk to meet
their infant’s daily needs.

The diverse challenges require meticulous attention to detail. In order to effectively manage the
nutrition and ensure an optimal development of preterm newborns, the adherence to certain

guidelines and principles can help to achieve this goal.
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Every preterm infant needs an individual calculation of their daily caloric goals based on their
weight. These needs must be continually reassessed especially in their early days of life. Health
care providers should stick to the latest consensus and guidelines.

Moreover, prioritizing high quality nutrition is essential. While human breast milk is the first
choice, donor breast milk can be used as an alternative. Monitoring is vital to track the new-
born’s nutritional status, progress, and development and helps with adjusting feedings accord-
ingly.

Health care professionals strive to optimize every aspect of nutrition for premature newborns,
recognizing their increased vulnerability. It is clear that adequate nutrition plays a pivotal role
in influencing the developmental and health outcomes of preterm infants. Many adverse out-

comes can be mitigated if great attention is paid to their nutrition.

9. Conclusion

The nutrition of preterm newborns poses significant challenges and is highly individual, as
every premature baby develops at its own pace. The infant’s progress depends on underlying
conditions like morbidities or critical illnesses.

While concepts have been developed for the nutrition of preterm newborns, these must be con-
stantly adapted and revised due to the potential for unexpected complications that can hinder
the development of the infant. Although many studies have investigated optimal methods on
how to nourish preterm infants, studies provide contradictory results and a consensus remains
elusive.

Health care providers are exhorted to carefully weigh different study findings and monitor the
infants accordingly.

Meanwhile, clear guidelines are available for the provision of adequate preterm nutrition, to
support adequate growth, despite the difficult circumstances for preterm infants.

Even though, there are more recent studies available which give greater clarity regarding proper
nutrition, challenges still remain. The conditions which influence the newborn’s status are mul-
tifaceted and a great amount of attention to detail is required to follow and mitigate every in-
fluencing factor with care.

Nevertheless, with growing insight and knowledge, the expertise in optimal nutrition for prem-

ature infants is advancing and hence leading to improvement in outcomes and development.
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10.Summary

In summary, preterm newborns exhibit heightened energetic demands due to their immaturity
and potential complications, necessitating careful consideration of the composition of their nu-
trition. Nutrition plays a pivotal role in addressing and attenuating the effects of prematurity as
well as underdevelopment.

However, prematurity comprises challenges like the inability to suck and swallow as well as
the immaturity of the lung and the GI system all of which impede a proper nutrition and conse-
quently complicate adequate growth. Additionally, premature infants are exposed to environ-
ments such as NICU and receive medications which may influence their status.

Various feeding methods are evaluated and precisely tailored according to their advantages and
disadvantages, specific for the preterm infant’s condition. Parenteral nutrition may be necessary
for extremely premature newborns to prevent catabolic processes and ensure consistent supply.
The transition to enteral nutrition should be performed smoothly to prevent a nutrient deficient
state. Enteral nutrition is best provided with human breast milk as it meets the caloric goals, as
well as provides beneficial immunoactive substances.

Fortifiers and supplementations are required in preterm newborns as their heightened energy
demands cannot be solely met with mothers’ milk and preterm infants often lack certain vita-

mins or trace elements.

Keywords: premature infant, nutritional challenge, immaturity of the GI system, parenteral nu-

trition, enteral nutrition, human breast milk, fortifiers, supplementations

39



11.Literature cited

1.

10.

11

Mandy, MD GT. Preterm birth: Definitions of prematurity, epidemiology, and risk factors
for infant mortality - In: UpToDate, Connor RF (Ed), Wolter Kluwer. 2022 [cited 2024 Apr
23]. Available from: https://www.uptodate.com/contents/preterm-birth-definitions-of-
prematurity-epidemiology-and-risk-factors-for-infant-mortality

Ohuma EO, Moller AB, Bradley E, Chakwera S, Hussain-Alkhateeb L, Lewin A, et al.
National, regional, and global estimates of preterm birth in 2020, with trends from 2010: a
systematic analysis. The Lancet. 2023 Oct 7;402(10409):1261-71.

World Health Organization (WHO). Preterm birth [Internet]. 2023 [cited 2024 May 22].
Available from: https://www.who.int/news-room/fact-sheets/detail/preterm-birth

Martin, MD R. Respiratory distress syndrome (RDS) in the newborn: Clinical features and
diagnosis - In: UpToDate Connor RF (Ed), Wolter Kluwer, 2023 [cited 2024 May 23].
Available from: https://www.uptodate.com/contents/respiratory-distress-syndrome-rds-in-
the-newborn-clinical-features-and-diagnosis

Mandy, MD GT. Overview of short-term complications in preterm infants - In: UpToDate,
Connor RF (Ed), Wolter Kluwer. 2023 [cited 2024 May 16]. Available from:
https://www.uptodate.com/contents/overview-of-short-term-complications-in-preterm-in-
fants

Rozance, MD PJ. Pathogenesis, screening, and diagnosis of neonatal hypoglycemia - In:
UpToDate, Connor RF (Ed), Wolter Kluwer. 2024. Available from: https://www.up-
todate.com/contents/pathogenesis-screening-and-diagnosis-of-neonatal-hypoglycemia

Hair, MD AB. Approach to enteral nutrition in the premature infant - In: UpToDate Connor
RF (Ed), Wolter Kluwer. 2023 [cited 2024 May 13]. Available from: https://www.up-
todate.com/contents/approach-to-enteral-nutrition-in-the-premature-infant

Sharma A, Davis A, Shekhawat PS. Hypoglycemia in the preterm neonate: etiopathogene-
sis, diagnosis, management and long-term outcomes. Transl Pediatr. 2017 Oct;6(4):335-48.

Stark, MD AR, Simmons, MD R. Neonatal hyperglycemia - In: UpToDate Connor RF (Ed),
Wolter Kluwer. 2023. Available from: https://www.uptodate.com/contents/neonatal-hyper-
glycemia

Institute of Medicine (US) Roundtable on Environmental Health Sciences R, Mattison DR,
Wilson S, Coussens C, Gilbert D. Preterm Birth and Its Consequences. In: The Role of
Environmental Hazards in Premature Birth: Workshop Summary [Internet]. National Acad-
emies Press (US); 2003 [cited 2024 May 16]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK216221/

. Mandy, MD GT. Overview of the long-term complications of preterm birth - In: UpToDate

Connor RF (Ed), Wolter Kluwer. 2023 [cited 2024 May 14]. Available from:
https://www.uptodate.com/contents/overview-of-the-long-term-complications-of-preterm-
birth

40



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Zachariassen G, Johnson M, Fusch C, Domell6f M, Moltu SJ, Embleton ND. ESPGHAN
Committee of Nutrition (CoN) Position Paper on Enteral Nutrition for Preterm Infants:
Growth. ESPGHAN CoN (2022) Position Paper supplementary digital content no. 15; 2022.

COSMED - the Metabolic Company. Body Composition in Pre-Term Infants [Internet].
Available from: https://www.cosmed.com/hires/WP_Body Composition_in_Pre-
Term_Infants EN

WHO child growth standards: length/height-for-age, weight-for-age, weight-for-length,
weight-for-height and body mass index-for-age: methods and development [Internet]. [cited
2024 Apr 7]. Available from: https://www.who.int/publications-detail-redi-
rect/924154693X

Fenton TR, Kim JH. A systematic review and meta-analysis to revise the Fenton growth
chart for preterm infants. BMC Pediatr. 2013 Apr 20;13:59.

Danone Research & Innovation. Preterm infants face unique health challenges [Internet].
Danone Research & Innovation. [cited 2024 May 28]. Available from: https://www.danon-
eresearch.com/growth-metabolism/pre-term/preterm-infants-face-unique-health-chal-
lenges/

Embleton ND, Jennifer Moltu S, Lapillonne A, van den Akker CHP, Carnielli V, Fusch C,
et al. Enteral Nutrition in Preterm Infants (2022): A Position Paper From the ESPGHAN
Committee on Nutrition and Invited Experts. J Pediatr Gastroenterol Nutr. 2023 Feb
1;76(2):248-68.

Fenton TR. A new growth chart for preterm babies: Babson and Benda’s chart updated with
recent data and a new format. BMC Pediatr. 2003 Dec 16;3:13.

Villar J, Giuliani F, Bhutta ZA, Bertino E, Ohuma EO, Ismail LC, et al. Postnatal growth
standards for preterm infants: the Preterm Postnatal Follow-up Study of the INTER-
GROWTH-21(st) Project. Lancet Glob Health. 2015 Nov;3(11):e681-691.

Kiserud T, Piaggio G, Carroli G, Widmer M, Carvalho J, Neerup Jensen L, et al. The World
Health Organization Fetal Growth Charts: A Multinational Longitudinal Study of Ultra-
sound Biometric Measurements and Estimated Fetal Weight. PLoS Med. 2017 Jan
24;14(1):¢1002220.

Martorell R. Physical Growth and Development of the Malnourished Child: Contributions
from 50 years of Research at INCAP. Food Nutr Bull. 2010 Mar 1;31(1):68-82.

Mehta NM, Compher C, Directors ASPENB of. A.S.P.E.N. Clinical Guidelines: Nutrition
Support of the Critically Il Child. J Parenter Enter Nutr. 2009;33(3):260-76.

Bell EF, Johnson KJ, Dove EL. Effect of body position on energy expenditure of preterm
infants as determined by simultaneous direct and indirect calorimetry. Am J Perinatol. 2017
Apr;34(5):493-8.

Joosten K, Embleton N, Yan W, Senterre T, Braegger C, Bronsky J, et al. ESPGHAN/ES-

PEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition: Energy. Clin Nutr. 2018
Dec;37(6):2309—14.

41



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Tan JBC, Boskovic DS, Angeles DM. The Energy Costs of Prematurity and the Neonatal
Intensive Care Unit (NICU) Experience. Antioxidants [Internet]. 2018 Mar [cited 2024 May
13];7(3). Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5874523/

de Pipaon MS, van den Akker CHP, van Goudoever J (Hans) B, Rigo J. ESPGHAN Com-
mittee of Nutrition (CoN) Position Paper on Enteral Nutrition for Preterm Infants: Introduc-
tion, methods and limitations, Supplementary Digital Content no.5: Protein. 2022.

Fusch C. ESPGHAN Committee of Nutrition (CoN) Position Paper on Enteral Nutrition for
Preterm Infants: Breast milk fortification, Supplementary Digital Content no. 19. 2022.

Robinson DT, Martin CR. Fatty acid requirements for the preterm infant. Semin Fetal Ne-
onatal Med. 2017 Feb;22(1):8-14.

Agostoni C, Buonocore G, Carnielli V. Enteral nutrient supply for preterm infants: Com-
mentary from the European Society for Paediatric Gastroenterology, Hepatology, and Nu-
trition Committee on Nutrition. J Pediatr Gastroenterol Nutr. 2010 Jan 1;50:1-9.

Ramel SE, Belfort MB. Preterm Nutrition and the Brain. World Rev Nutr Diet.
2021;122:46-59.

Dyall SC, Balas L, Bazan NG, Brenna JT, Chiang N, da Costa Souza F, et al. Polyunsatu-
rated fatty acids and fatty acid-derived lipid mediators: Recent advances in the understand-
ing of their biosynthesis, structures, and functions. Prog Lipid Res. 2022 Apr; 86:101165.

Hellstrom A, Nilsson AK, Wackernagel D, Pivodic A, Vanpee M, Sjobom U, et al. Effect
of Enteral Lipid Supplement on Severe Retinopathy of Prematurity: A Randomized Clinical
Trial. JAMA Pediatr. 2021 Apr 1;175(4):359-67.

Bernabe-Garcia M, Villegas-Silva R, Villavicencio-Torres A, Calder PC, Rodriguez-Cruz
M, Maldonado-Hernandez J, et al. Enteral Docosahexaenoic Acid and Retinopathy of Prem-
aturity: A Randomized Clinical Trial. JPEN J Parenter Enteral Nutr. 2019 Sep;43(7):874—
82.

Moltu SJ, Johnson M, Van Den Akker C, Haijden N, Mihatsch WA, Domell6f M. ES-
PGHAN Committee of Nutrition (CoN) Position Paper on Enteral Nutrition for Preterm
Infants: CARBOHYDRATES Supplementary Digital Content no. 7. 2022.

Boyce C, Watson M, Lazidis G, Reeve S, Dods K, Simmer K, et al. Preterm human milk
composition: a systematic literature review. Br J Nutr. 2016 Sep;116(6):1033—45.

Sprague JE, Arbeldez AM. Glucose Counterregulatory Responses to Hypoglycemia.
Pediatr Endocrinol Rev PER. 2011 Sep;9(1):463-75.

Lucas A, Morley R, Cole TJ. Adverse neurodevelopmental outcome of moderate neo-
natal hypoglycaemia. BMJ. 1988 Nov 19;297(6659):1304-8.

Balasundaram P, Dumpa V. Neonatal Hyperglycemia. In: StatPearls [Internet]. Treasure

Island (FL): StatPearls Publishing; 2024 [cited 2024 Apr 15]. Available from:
http://www.ncbi.nlm.nih.gov/books/NBK 567769/

42



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Kao LS, Morris BH, Lally KP, Stewart CD, Huseby V, Kennedy KA. Hyperglycemia
and morbidity and mortality in extremely low birth weight infants. J Perinatol Off J Calif
Perinat Assoc. 2006 Dec;26(12):730-6.

Uauy R, Koletzko B. Defining the Nutritional Needs of Preterm Infants. World Rev Nutr
Diet. 2014 Apr 22;110:4-10.

Iacobelli S, Domellof M, Moltu SJ. ESPGHAN Committee of Nutrition (CoN) Position
Paper on Enteral Nutrition for Preterm Infants, SDC no. 8. Electrolytes: Sodium, Chlo-
ride and Potassium. 2022.

Gubhaju L, Sutherland MR, Horne RSC, Medhurst A, Kent AL, Ramsden A, et al. As-
sessment of renal functional maturation and injury in preterm neonates during the first
month of life. Am J Physiol-Ren Physiol. 2014 Jul 15;307(2):F149-58.

Bueva A, Guignard JP. Renal Function in Preterm Neonates. Pediatr Res. 1994
Nov;36(5):572-7.

Segar DE, Segar EK, Harshman LA, Dagle JM, Carlson SJ, Segar JL. Physiological
Approach to Sodium Supplementation in Preterm Infants. Am J Perinatol. 2018
Aug;35(10):994-1000.

Signorelli GC, Bianchetti MG, Jermini LMM, Agostoni C, Milani GP, Simonetti GD,
et al. Dietary Chloride Deficiency Syndrome: Pathophysiology, History, and Systematic
Literature Review. Nutrients. 2020 Nov 9;12(11):3436.

Besouw M, Bockenhauer D. Nephrology and fluid/electrolyte physiology. Neonatology
questions and controversies, chapter: Potassium metabolism. Third edition. Phildelphia:
ELSEVIER; 2018.

Abrams SA, Committee on Nutrition. Calcium and vitamin d requirements of enterally
fed preterm infants. Pediatrics. 2013 May;131(5):e1676-1683.

Rigo J, Mihatsch W, Embleton N, Domellof M, Moltu S, van den Akker C. ESPGHAN
Committee of Nutrition (CoN) Position Paper on Enteral Nutrition for Preterm Infants:
Minerals, Supplementary Digital Content no. 9. 2022.

Leaf A, Lansdowne Z. Vitamins--conventional uses and new insights. World Rev Nutr
Diet. 2014;110:152-66.

Sudarshan R Jadcherla, MD, FRCP (Irel), DCH, AGAF. Neonatal oral feeding difficul-
ties due to sucking and swallowing disorders - In: UpToDate Connor RF (Ed), Wolter
Kluwer. 2023 [cited 2024 Mar 20]. Available from: https://www.uptodate.com/con-
tents/neonatal-oral-feeding-difficulties-due-to-sucking-and-swallowing-disorders

Pineda R, Prince D, Reynolds J, Grabill M, Smith J. Preterm infant feeding performance
at term equivalent age differs from that of full-term infants. J Perinatol Off J Calif Per-
inat Assoc. 2020 Apr;40(4):646-54.

Barfield, MD, MPH, FAAP WD, Lee, MD, MS, IBCLC KG. Late preterm infants - In:

43



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

UpToDate Connor RF (Ed), Wolter Kluwer. 2023 [cited 2024 May 9]. Available from:
https://www.uptodate.com/contents/late-preterm-infants

American Lung Association. Learn About Bronchopulmonary Dysplasia [Internet].
[cited 2024 May 17]. Available from: https://www.lung.org/lung-health-diseases/lung-
disease-lookup/bronchopulmonary-dysplasia/learn-about-bpd

Ian J Griffin, MB ChB. Growth management in preterm infants - In: UpToDate Connor
RF (Ed), Wolter Kluwer. 2023 [cited 2024 Mar 20] Available from: https://www.up-
todate.com/contents/growth-management-in-preterm-infants

Mizuno K, Nishida Y, Taki M, Hibino S, Murase M, Sakurai M, et al. Infants with
bronchopulmonary dysplasia suckle with weak pressures to maintain breathing during
feeding. Pediatrics. 2007 Oct;120(4):e1035-1042.

Indrio F, Riezzo G, Cavallo L, Di Mauro A, Francavilla R. Physiological basis of food
intolerance in VLBW. J Matern-Fetal Neonatal Med Off J Eur Assoc Perinat Med Fed
Asia Ocean Perinat Soc Int Soc Perinat Obstet. 2011 Oct;24 Suppl 1:64—6.

Indrio F, Neu J, Pettocllo-Mantovani M, Marchese F, Martini S, Salatto A, et al. Devel-
opment of the Gastrointestinal Tract in Newborns as a Challenge for an Appropriate
Nutrition: A Narrative Review. Nutrients. 2022 Mar 28;14(7):1405.

Lucchini R, Bizzarri B, Giampietro S, De Curtis M. Feeding intolerance in preterm in-
fants. How to understand the warning signs. J Matern-Fetal Neonatal Med Off J Eur
Assoc Perinat Med Fed Asia Ocean Perinat Soc Int Soc Perinat Obstet. 2011 Oct;24
Suppl 1:72-4.

Antonowicz I, Lebenthal E. Developmental pattern of small intestinal enterokinase and
disaccharidase activities in the human fetus. Gastroenterology. 1977 Jun;72(6):1299—
303.

Ihekweazu FD, Versalovic J. Development of the pediatric gut microbiome: impact on
health and disease. Am J Med Sci. 2018 Nov;356(5):413.

Dimitrakopoulou EI, Pouliakis A, Falaina V, Xanthos T, Zoumpoulakis P, Tsiaka T, et
al. The Metagenomic and Metabolomic Profile of the Infantile Gut: Can They Be “Pre-
dicted” by the Feed Type? Children. 2022 Jan 25;9(2):154.

Henderickx JGE, Zwittink RD, van Lingen RA, Knol J, Belzer C. The Preterm Gut Mi-
crobiota: An Inconspicuous Challenge in Nutritional Neonatal Care. Front Cell Infect
Microbiol. 2019 Apr 2;9:85.

Hunter CJ, Upperman JS, Ford HR, Camerini V. Understanding the susceptibility of the
premature infant to necrotizing enterocolitis (NEC). Pediatr Res. 2008 Feb;63(2):117—
23.

Santos J, Pearce SE, Stroustrup A. Impact of Hospital-Based Environmental Exposures
on Neurodevelopmental Outcomes of Preterm Infants. Curr Opin Pediatr. 2015
Apr;27(2):254-60.

44



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Abou Turk C, Williams AL, Lasky RE. A randomized clinical trial evaluating silicone
earplugs for very low birth weight newborns in intensive care. J Perinatol Off J Calif
Perinat Assoc. 2009 May;29(5):358—63.

Pickler RH, McGrath JM, Reyna BA, Tubbs-Cooley HL, Best AM, Lewis M, et al. Ef-
fects of the neonatal intensive care unit environment on preterm infant oral feeding. Res
Rep Neonatol. 2013 Apr 3;2013(3):15-20.

White RD, Smith JA, Shepley MM, Committee to Establish Recommended Standards
for Newborn ICU Design. Recommended standards for newborn ICU design, eighth
edition. J Perinatol Off J Calif Perinat Assoc. 2013 Apr;33 Suppl 1:S2-16.

Hartz LE, Bradshaw W, Brandon DH. Potential NICU Environmental Influences on the
Neonate’s Microbiome: A Systematic Review. Adv Neonatal Care Off J Natl Assoc
Neonatal Nurses. 2015 Oct;15(5):324-35.

Stocker M, Klingenberg C, Navér L, Nordberg V, Berardi A, el Helou S, et al. Less is
more: Antibiotics at the beginning of life. Nat Commun. 2023 Apr 27;14:2423.

Deianova N, de Boer NK, Aoulad Ahajan H, Verbeek C, Aarnoudse-Moens CSH,
Leemhuis AG, et al. Duration of Neonatal Antibiotic Exposure in Preterm Infants in

Association with Health and Developmental Outcomes in Early Childhood. Antibiotics.
2023 May 26;12(6):967.

Letouzey M, Lorthe E, Marchand-Martin L, Kayem G, Charlier C, Butin M, et al. Early
Antibiotic Exposure and Adverse Outcomes in Very Preterm Infants at Low Risk of
Early-Onset Sepsis: The EPIPAGE-2 Cohort Study. J Pediatr. 2022 Apr;243:91-98.e4.

Joas J, Mohler E. Maternal Bonding in Early Infancy Predicts Childrens’ Social Com-
petences in Preschool Age. Front Psychiatry. 2021;12:687535.

Ravn [H, Smith L, Smeby NA, Kynoe NM, Sandvik L, Bunch EH, et al. Effects of early
mother—infant intervention on outcomes in mothers and moderately and late preterm

infants at age 1 year: A randomized controlled trial. Infant Behav Dev. 2012 Feb
1;35(1):36-47.

Vizzari G, Morniroli D, D’Auria A, Travella P, Bezze E, Sannino P, et al. Feeding Dif-
ficulties in Late Preterm Infants and Their Impact on Maternal Mental Health and the
Mother—Infant Relationship: A Literature Review. Nutrients. 2023 Jan;15(9):2180.

OIff M, Frijling JL, Kubzansky LD, Bradley B, Ellenbogen MA, Cardoso C, et al. The
role of oxytocin in social bonding, stress regulation and mental health: An update on the

moderating effects of context and interindividual differences. Psychoneuroendocrinol-
ogy. 2013 Sep 1;38(9):1883-94.

Rosenblad AK, Funkquist EL. Self-efficacy in breastfeeding predicts how mothers per-
ceive their preterm infant’s state-regulation. Int Breastfeed J. 2022 Jun 11;17(1):44.

Spencer, MD J. Patient education: Common breastfeeding problems (Beyond the Ba-

sics) - In: UpToDate Connor RF (Ed), Wolter Kluwer. 2023 [cited 2024 May 11]. Avail-
able from: https://www.uptodate.com/contents/common-breastfeeding-problems-

45



78.

79.

80.

81.

82.

3.

&4.

85.

86.

87.

88.

9.

90.

beyond-the-basics

Berseth CL. Effect of early feeding on maturation of the preterm infant’s small intestine.
J Pediatr. 1992 Jun;120(6):947-53.

Kebede DA, Tafere Y, Eshete T, Abebaw E, Adimasu M, Endalew B. The time to initi-
ate trophic feeding and its predictors among preterm neonate admitted to neonatal in-
tensive care unit, Multicenter study, Northwest Ethiopia. PLoS ONE. 2022 Aug
11;17(8):¢0272571.

Chitale R, Ferguson K, Talej M, Yang WC, He S, Edmond KM, et al. Early Enteral
Feeding for Preterm or Low Birth Weight Infants: a Systematic Review and Meta-anal-
ysis. Pediatrics. 2022 Aug 1;150(Suppl 1):€2022057092E.

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. 2014 Dec 1;2014(12):CD001970.

Yang WC, Fogel A, Lauria ME, Ferguson K, Smith ER. Fast Feed Advancement for
Preterm and Low Birth Weight Infants: A Systematic Review and Meta-analysis. Pedi-
atrics. 2022 Aug 1;150(Supplement 1):¢2022057092G.

Aynsley-Green A, Adrian TE, Bloom SR. Feeding and the development of enteroinsular
hormone secretion in the preterm infant: effects of continuous gastric infusions of hu-
man milk compared with intermittent boluses. Acta Paediatr Scand. 1982
May;71(3):379-83.

Lucas A, Bloom SR, Aynsley-Green A. Gut hormones and “minimal enteral feeding.”
Acta Paediatr Scand. 1986 Sep;75(5):719-23.

El-Kadi SW, Boutry C, Suryawan A, Gazzaneo MC, Orellana RA, Srivastava N, et al.
Intermittent bolus feeding promotes greater lean growth than continuous feeding in a
neonatal piglet model. Am J Clin Nutr. 2018 Oct;108(4):830—41.

Wang Y, Zhu W, Luo B ru. Continuous feeding versus intermittent bolus feeding for
premature infants with low birth weight: a meta-analysis of randomized controlled trials.
Eur J Clin Nutr. 2020;74(5):775-83.

Valman HB, Heath CD, Brown RJK. Continuous Intragastric Milk Feeds in Infants of
Low Birth Weight. Br Med J. 1972 Sep 2;3(5826):547-50.

Parker P, Stroop S, Greene H. A controlled comparison of continuous versus intermit-
tent feeding in the treatment of infants with intestinal disease. J Pediatr. 1981
Sep;99(3):360-4.

Toce SS, Keenan WJ, Homan SM. Enteral feeding in very-low-birth-weight infants. A
comparison of two nasogastric methods. Am J Dis Child 1960. 1987 Apr;141(4):439—
44,

Grant J, Denne SC. Effect of intermittent versus continuous enteral feeding on energy
expenditure in premature infants. J Pediatr. 1991 Jun;118(6):928-32.

46



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Jawaheer G, Shaw NJ, Pierro A. Continuous enteral feeding impairs gallbladder empty-
ing in infants. J Pediatr. 2001 Jun;138(6):822-5.

Rogers SP, Hicks PD, Hamzo M, Veit LE, Abrams SA. Continuous Feedings of Forti-
fied Human Milk Lead to Nutrient Losses of Fat, Calcium and Phosphorous. Nutrients.
2010 Feb 26;2(3):230-40.

Victora CG, Bahl R, Barros AJD, Franga GVA, Horton S, Krasevec J, et al. Breastfeed-
ing in the 21st century: epidemiology, mechanisms, and lifelong effect. Lancet Lond
Engl. 2016 Jan 30;387(10017):475-90.

Parker, MD, MPH M. Human milk feeding and fortification of human milk for prema-
ture infants - In: UpToDate Connor RF (Ed), Wolter Kluwer. 2024 [cited 2024 May 6].
Available from: https://www.uptodate.com/contents/human-milk-feeding-and-fortifica-
tion-of-human-milk-for-premature-infants

Maffei D, Schanler RJ. Human milk is the feeding strategy to prevent necrotizing enter-
ocolitis! Semin Perinatol. 2017 Feb;41(1):36—40.

Montjaux-Régis N, Cristini C, Arnaud C, Glorieux I, Vanpee M, Casper C. Improved
growth of preterm infants receiving mother’s own raw milk compared with pasteurized
donor milk. Acta Paediatr Oslo Nor 1992. 2011 Dec;100(12):1548-54.

Maayan-Metzger A, Avivi S, Schushan-Eisen I, Kuint J. Human milk versus formula

feeding among preterm infants: short-term outcomes. Am J Perinatol. 2012
Feb;29(2):121-6.

Singhal A, Cole TJ, Fewtrell M, Lucas A. Breastmilk feeding and lipoprotein profile in
adolescents born preterm: follow-up of a prospective randomised study. Lancet Lond
Engl. 2004 May 15;363(9421):1571-8.

Singhal A, Cole TJ, Lucas A. Early nutrition in preterm infants and later blood pressure:
two cohorts after randomised trials. Lancet Lond Engl. 2001 Feb 10;357(9254):413-9.

Sankar MJ, Sinha B, Chowdhury R, Bhandari N, Taneja S, Martines J, et al. Optimal
breastfeeding practices and infant and child mortality: a systematic review and meta-
analysis. Acta Paediatr Oslo Nor 1992. 2015 Dec;104(467):3—13.

World Health Organization (WHO). Infant and young child feeding [Internet]. 2023
[cited 2024 May 1]. Available from: https://www.who.int/news-room/fact-sheets/de-
tail/infant-and-young-child-feeding

Slouha E, Anderson ZS, Ankrah NMN, Kalloo AE, Gorantla VR. Colostrum and Pre-
term Babies: A Systematic Review. Cureus. 15(7):e42021.

Hayward AR. The human fetus and newborn: development of the immune response.
Birth Defects Orig Artic Ser. 1983;19(3):289-94.

Kohler H, Donarski S, Stocks B, Parret A, Edwards C, Schroten H. Antibacterial char-
acteristics in the feces of breast-fed and formula-fed infants during the first year of life.

47



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

J Pediatr Gastroenterol Nutr. 2002 Feb;34(2):188-93.

Aratijo ED, Gongalves AK, Cornetta M da C, Cunha H, Cardoso ML, Morais SS, et al.
Evaluation of the secretory immunoglobulin A levels in the colostrum and milk of moth-

ers of term and pre-term newborns. Braz J Infect Dis Off Publ Braz Soc Infect Dis. 2005
Oct;9(5):357-62.

Maffei D, Brewer M, Codipilly C, Weinberger B, Schanler RJ. Early oral colostrum
administration in preterm infants. J Perinatol. 2020;40(2):284—7.

Martin, MD, MS CR. Nutritional composition of human milk and preterm formula for
the premature infant - In: UpToDate Connor RF (Ed), Wolter Kluwer. 2024 [cited 2024
May 1]. Available from: https://www.uptodate.com/contents/nutritional-composition-
of-human-milk-and-preterm-formula-for-the-premature-infant

Bode L. Human milk oligosaccharides: Every baby needs a sugar mama. Glycobiology.
2012 Sep;22(9):1147-62.

Gidrewicz DA, Fenton TR. A systematic review and meta-analysis of the nutrient con-
tent of preterm and term breast milk. BMC Pediatr. 2014 Aug 30;14(1):216.

Kashyap S, Towers HM, Sahni R, Ohira-Kist K, Abildskov K, Schulze KF. Effects of
quality of energy on substrate oxidation in enterally fed, low-birth-weight infants. Am J
Clin Nutr. 2001 Sep;74(3):374-80.

Tillman S, Brandon DH, Silva SG. Evaluation of human milk fortification from the time
of the first feeding: effects on infants of less than 31 weeks gestational age. J Perinatol
Off J Calif Perinat Assoc. 2012 Jul;32(7):525-31.

Adjustable fortification of human milk fed to preterm infants: does it make a difference?
- PubMed [Internet]. [cited 2024 May 6]. Available from: https://pub-
med.ncbi.nlm.nih.gov/16885989/

Is targeted fortification of human breast milk an optimal nutrition strategy for preterm
infants? An interventional study - PMC [Internet]. [cited 2024 May 6]. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4930619/

Jones F, Human Milk Banking Association of North America. History of North Ameri-
can donor milk banking: one hundred years of progress. J Hum Lact Off J Int Lact Con-
sult Assoc. 2003 Aug;19(3):313-8.

Kim J, Unger S. Human milk banking. Paediatr Child Health. 2010 Nov;15(9):595-8.

European Milk Bank Association (EMBA). Map | EMBA [Internet]. [cited 2024 May
3]. Available from: https://europeanmilkbanking.com/map/

Christen L, Lai CT, Hartmann B, Hartmann PE, Geddes DT. The effect of UV-C pas-
teurization on bacteriostatic properties and immunological proteins of donor human

milk. PloS One. 2013;8(12):e85867.

LiY, Chi C, Li C, Song J, Song Z, Wang W, et al. Efficacy of Donated Milk in Early

48



119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Nutrition of Preterm Infants: A Meta-Analysis. Nutrients. 2022 Apr 21;14(9):1724.

YuF, Cao B, Wen Z, LiM, Chen H, Xie G. Is Donated Breast Milk Better Than Formula
for Feeding Very Low Birth Weight Infants? A Systematic Review and Meta-Analysis.
Worldviews Evid Based Nurs. 2019;16(6):485-94.

Moreira-Monteagudo M, Leirds-Rodriguez R, Marqués-Sanchez P. Effects of Formula
Milk Feeding in Premature Infants: A Systematic Review. Children. 2022 Jan
24;9(2):150.

Griffin, MB ChB 1J. Parenteral nutrition in premature infants - In: UpToDate Connor
RF (Ed), Wolter Kluwer. 2023 [cited 2024 Apr 23]. Available from: https://www.up-
todate.com/contents/parenteral-nutrition-in-premature-infants

National Institute for Health and Care Excellence (NICE). Neonatal parenteral nutrition
[Internet]. London: National Institute for Health and Care Excellence (NICE); 2020
[cited 2024 Apr 4]. (National Institute for Health and Care Excellence: Guidelines).
Available from: http://www.ncbi.nlm.nih.gov/books/NBK 555677/

Puntis Jwl, Hojsak I, Ksiazyk J, Braegger C, Bronsky J, Cai W, et al. ESPGHAN/ES-
PEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition: Organisational aspects.
Clin Nutr. 2018 Dec;37(6):2392—400.

Miller M, Vaidya R, Rastogi D, Bhutada A, Rastogi S. From parenteral to enteral nutri-
tion: a nutrition-based approach for evaluating postnatal growth failure in preterm in-
fants. JPEN J Parenter Enteral Nutr. 2014 May;38(4):489-97.

Koletzko B, Goulet O, Hunt J, Krohn K, Shamir R, Parenteral Nutrition Guidelines
Working Group. 1. Guidelines on Paediatric Parenteral Nutrition of the European Soci-
ety of Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) and the Eu-
ropean Society for Clinical Nutrition and Metabolism (ESPEN), Supported by the Eu-
ropean Society of Paediatric Research (ESPR). J Pediatr Gastroenterol Nutr [Internet].
2005 Nov [cited 2024 Apr 24];41(S2). Available from: https://onlineli-
brary.wiley.com/doi/10.1002/j.1536-4801.2005.tb00011.x

National Institute for Health and Care Excellence. Neonatal parenteral nutrition, NICE
guideline. 2020 Feb 26; Available from: https://www.nice.org.uk/guidance/ng154/re-
sources/neonatal-parenteral-nutrition

Alliance (UK) NG. Stopping parenteral nutrition [Internet]. National Institute for Health
and Care Excellence (NICE); 2020 [cited 2024 Apr 5]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 555685/

Radbone L. Clinical Guideline: Parenteral Feeding of Infants on the Neonatal Unit. NHS
- East Engl Neonatal ODN Hosted Camb Univ Hosp. 2013;

Boullata JI, Gilbert K, Sacks G, Labossiere RJ, Crill C, Goday P, et al. A.S.P.E.N. Clin-
ical Guidelines. J Parenter Enter Nutr. 2014;38(3):334-77.

Hartman C, Shamir R, Simchowitz V, Lohner S, Cai W, Decsi T, et al. ESPGHAN/ES-
PEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition: Complications. Clin

49



131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Nutr. 2018 Dec;37(6):2418-29.

Aronson JK, editor. Parenteral nutrition. In: Meyler’s Side Effects of Drugs (Sixteenth
Edition) [Internet]. Oxford: Elsevier; 2016 [cited 2024 Apr 24]. p. 506-29. Available
from: https://www.sciencedirect.com/science/article/pii/B9780444537171012282

Kolacek S, Puntis JWL, Hojsak I, Braegger C, Bronsky J, Cai W, et al. ESPGHAN/ES-
PEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition: Venous access. Clin
Nutr. 2018 Dec;37(6):2379-91.

Butler-O’Hara M, Buzzard CJ, Reubens L, McDermott MP, DiGrazio W, D’ Angio CT.
A randomized trial comparing long-term and short-term use of umbilical venous cathe-

ters in premature infants with birth weights of less than 1251 grams. Pediatrics. 2006
Jul;118(1):e25-35.

Alliance (UK) NG. Venous access [Internet]. National Institute for Health and Care Ex-
cellence  (NICE); 2020 [cited 2024 May 30]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 555669/

Ainsworth SB, Furness J, Fenton AC. Randomized comparative trial between percuta-
neous longlines and peripheral cannulae in the delivery of neonatal parenteral nutrition.
Acta Paediatr Oslo Nor 1992. 2001 Sep;90(9):1016-20.

Ainsworth S, McGuire W. Percutaneous central venous catheters versus peripheral can-
nulae for delivery of parenteral nutrition in neonates. Cochrane Database Syst Rev. 2015
Oct 6;2015(10):CD004219.

Van Goudoever JB, Carnielli V, Darmaun D, Sainz De Pipaon M, Braegger C, Bronsky
J, et al. ESPGHAN/ESPEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition:
Amino acids. Clin Nutr. 2018 Dec;37(6):2315-23.

Jochum F, Moltu SJ, Senterre T, Nomayo A, Goulet O, Iacobelli S, et al. ESPGHAN/ES-
PEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition: Fluid and electrolytes.
Clin Nutr. 2018 Dec;37(6):2344-53.

Mihatsch W, Fewtrell M, Goulet O, Molgaard C, Picaud JC, Senterre T, et al. ES-
PGHAN/ESPEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition: Calcium,
phosphorus and magnesium. Clin Nutr. 2018 Dec;37(6):2360-5.

Mesotten D, Joosten K, Van Kempen A, Verbruggen S, Braegger C, Bronsky J, et al.
ESPGHAN/ESPEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition: Carbo-
hydrates. Clin Nutr. 2018 Dec;37(6):2337-43.

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

Riskin A, Picaud JC, Shamir R, Braegger C, Bronsky J, Cai W, et al. ESPGHAN/ES-

PEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition: Standard versus indi-
vidualized parenteral nutrition. Clin Nutr. 2018 Dec;37(6):2409—17.

50



143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Smolkin T, Diab G, Shohat I, Jubran H, Blazer S, Rozen GS, et al. Standardized versus
Individualized Parenteral Nutrition in Very Low Birth Weight Infants: A Comparative
Study. Neonatology. 2010 Mar 16;98(2):170-8.

Krohn K, Babl J, Reiter K, Koletzko B. Parenteral nutrition with standard solutions in
paediatric intensive care patients. Clin Nutr. 2005 Apr 1;24(2):274-80.

Simmer K, Rakshasbhuvankar A, Deshpande G. Standardised Parenteral Nutrition. Nu-
trients. 2013 Apr;5(4):1058-70.

Shah DK, Doyle LW, Anderson PJ, Bear M, Daley AJ, Hunt RW, et al. Adverse neuro-
development in preterm infants with postnatal sepsis or necrotizing enterocolitis is me-
diated by white matter abnormalities on magnetic resonance imaging at term. J Pediatr.
2008 Aug;153(2):170-5, 175.el.

Pereira-da-Silva L, Virella D, Fusch C. Nutritional Assessment in Preterm Infants: A
Practical Approach in the NICU. Nutrients. 2019 Aug 23;11(9):1999.

Park SH, Lee GM, Moon JE, Kim HM. Severe vitamin D deficiency in preterm infants:
maternal and neonatal clinical features. Korean J Pediatr. 2015 Nov;58(11):427-33.

Meyer S, Haiden N, Moltu SJ, Domellof M. ESPGHAN Committee of Nutrition (CoN)
Position Paper on Enteral Nutrition for Preterm Infants: Vitamin A, D, E, K, Supple-
mentary Digital Content no. 12. 2022.

Anderson-Berry A, Thoene M, Wagner J, Lyden E, Jones G, Kaufmann M, et al. Ran-
domized trial of two doses of vitamin D3 in preterm infants <32 weeks: Dose impact on
achieving desired serum 25(OH)D3 in a NICU population. PloS One.
2017;12(10):e0185950.

Natarajan CK, Sankar MJ, Agarwal R, Pratap OT, Jain V, Gupta N, et al. Trial of daily
vitamin D supplementation in preterm infants. Pediatrics. 2014 Mar;133(3):¢628-634.

Aly H, Mohsen L, Bhattacharjee I, Malash A, Atyia A, Elanwary S, et al. Vitamin D
Supplementation and T Cell Regulation in Preterm Infants: A Randomized Controlled
Trial. J Pediatr Gastroenterol Nutr. 2019 Nov;69(5):607—10.

Pichler E, Pichler L. The neonatal coagulation system and the vitamin K deficiency
bleeding - a mini review. Wien Med Wochenschr 1946. 2008;158(13—14):385-95.

Hand I, Noble L, Abrams SA. Vitamin K and the Newborn Infant. Pediatrics. 2022 Mar
1;149(3):€2021056036. doi: 10.1542/peds.2021-056036. PMID: 35190810.

Bronsky J, Campoy C, Braegger C, Braegger C, Bronsky J, Cai W, et al. ESPGHAN/ES-
PEN/ESPR/CSPEN guidelines on pediatric parenteral nutrition: Vitamins. Clin Nutr.
2018 Dec;37(6):2366-78.

Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B, et al. Expert consensus
document. The International Scientific Association for Probiotics and Prebiotics con-

sensus statement on the scope and appropriate use of the term probiotic. Nat Rev Gas-
troenterol Hepatol. 2014 Aug;11(8):506—-14.

51



157.

158.

159.

160.

161.

162.

163.

Halloran K, Underwood MA. Probiotic mechanisms of action. Early Hum Dev. 2019
Aug;135:58-65.

Sun J, Marwah G, Westgarth M, Buys N, Ellwood D, Gray PH. Effects of Probiotics on
Necrotizing Enterocolitis, Sepsis, Intraventricular Hemorrhage, Mortality, Length of
Hospital Stay, and Weight Gain in Very Preterm Infants: A Meta-Analysis. Adv Nutr.
2017 Sep 1;8(5):749-63.

van den Akker CHP, van Goudoever JB, Shamir R, Domell6f M, Embleton ND, Hojsak
I, et al. Probiotics and Preterm Infants: A Position Paper by the European Society for
Paediatric Gastroenterology Hepatology and Nutrition Committee on Nutrition and the
European Society for Paediatric Gastroenterology Hepatology and Nutrition Working
Group for Probiotics and Prebiotics. J Pediatr Gastroenterol Nutr. 2020 May;70(5):664—
80.

Doron S, Snydman DR. Risk and safety of probiotics. Clin Infect Dis Off Publ Infect
Dis Soc Am. 2015 May 15;60 Suppl 2(Suppl 2):S129-134.

Kothari D, Patel S, Kim SK. Probiotic supplements might not be universally-effective
and safe: A review. Biomed Pharmacother Biomedecine Pharmacother. 2019

Mar;111:537-47.

Domellof M. Meeting the Iron Needs of Low and Very Low Birth Weight Infants. Ann
Nutr Metab. 2017 Dec 22;71(Suppl. 3):16-23.

Domellof M. ESPGHAN Committee of Nutrition position paper on Enteral Nutrition
for Preterm Infants 2022, Supplementary Digital Content 10 — Trace elements. 2022.

52



12.CV

Jil Vivienne Parke was born on October 1%, 1997, in Dresden, Germany. She attended elemen-
tary school “Gemeinschaftsgrundschule Knittkuhl” in Diisseldorf, Germany. Following this,
she attended the “Stddtisches Gymnasium Gerresheim”, graduating in 2016. After spending a
year working as in Au Pair girl in London, England, she successfully completed an apprentice-
ship as a paramedic at the Emergency Medical Service and Rescue Unit at the fire department
in Diisseldorf, Germany. Since the winter semester 2018, she has been studying at the Medical
Faculty of the University of Rijeka in Croatia. During the semester breaks, Jil accomplished
several voluntary internships in German and French hospitals, working in the departments of
Pediatrics, Orthopedics and Trauma Surgery, Endocrinology, Anesthesiology as well as Senol-

ogy and Plastic Surgery.

53



