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NUTRITION OF THE PRETERM INFANT
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Abstract. Nutrition is of great importance for the preterm infant. It is not only essential for survival, but also makes
provision for rapid development of many organs outside the uterus which process normally takes place in the third
trimester of pregnancy. It is for future life essential that all factors that might influence the development are as optimal
as possible, including nutrition. However, there might also be an upper limit to the intake of some ingredients in the
neonatal period. The rate of growth of the preterm infant is five times higher compared to term infants and the breast of
the mother delivering preterm might yet be ready to produce the optimal composition of milk. Preterm infants receiving
mothers milk only are known to show a lower gain in weight and length than the so called reference fetus. It is therefore
at least questionable if preterm human milk can be used to define the nutritional needs of the preterm infant. To define
the optimal composition and amounts of nutrients for the preterm infant a factorial approach can be used. The estimated
requirements are calculated from the calculated requirements for maintenance and growth. Though some studies have
shown that the protein content of milk from mothers who delivered preterm can be higher in the first few weeks after
birth compared to milk of term delivering mothers, soon after there is a rapid decline in protein content after which period
the content is not different from the term delivered mother. Providing exclusively mothers own milk leads to suboptimal
growth and insufficient accretion of minerals. The needs of the preterm infant in energy, protein, lipids, carbohydrates,
minerals, pro- and prebiotics to provide optimal nutrition in the first days after birth are discussed in the paper. It is
concluded that nowadays early, aggressive nutrition directly after premature birth with the immediate introduction of
amino acids and rapid introduction of lipids is advised. Enteral feeding should be started very soon after birth, preferably
on the first day of life and increased in the days thereafter. The first choise for enteral feeding is mothers own milk,
supplemented from the second week with a fortifier. Special preterm formula might serve as a good alternative in case
when breast milk is not available.
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BCKAPMJIUBAHUE HEOOHOWEHHOIO PEBEHKA

© 1. Ox. 0x. 3ayap
YHUBEPCUTETCKMI MEAMULMHCKUIA LEHTP B ETCKOM rocnutane beatpucel, [poHuHren, Hunepnanabl

Pesiome. [uTaHWe oyeHb BaXHO AN HefoHoweHHoro pebeHka. OHO obecneunBaeT He TO/MbKO BbIXKMBAHWE, HO
M XapaKTepHYK ANs MOCNeLHEero TPUMEeCTpa MHTEHCUMBHYK AUHAMUKY BHYTPUYTPOOGHOro pa3BUTUS MHOTMX OpraHoB
BHe yTpoObl MaTepu. [Ang fanbHenWwen Xn3HU BaXHO, YTOObl BCE — B TOM YucC/ie U NUTaHMe — (PaKTopbl, NOTEHLMANBHO
MOryliMe OoKa3aTb B/MSHME Ha pa3BuUTME, OblNM, MO BO3MOXHOCTM, ONTMManbHO cbanaHcupoBaHbl. OpHako, Ang
HEKOTOPbIX MULLEBbIX MHFPEAUEHTOB, UCNOb3YEeMblX B HEOHATaNbHOM NEePUOAE XU3HU, MOTYT BbITb U BEPXHUE TPAHMULLbI
notpebneHus. CKOpoCTb pocTa HeAOHOWeHHOro pebeHka B NATb pa3 Bbile MO CPABHEHUIO C AOHOLWEHHbIM, 3 rpyaHas
Xenesa MaTepu, poauBlei pebeHka HeLOHOWEHHbIM MOXET ObITh elle HeA0CTaTO4YHO 3penioi ANs NMPOAYKLMM MOJOKa
ONTMUManbHOro cocTaBa. MI3BeCcTHO, YTO HELOHOLWWEHHbIN pebeHOK, Moy4YatoLLMii TONbKO MaTEPUHCKOE MOJIOKO, XY>Ke pacTeT
M HabupaeT BecC, YeM TaK HasblBaeMbli pedepeHTHbIM nnoa. Takum o6pa3om, MCNONb30BAHME MATEPUHCKOrO MOJ0Ka
AN YAOBNeTBOPeHUs noTpebHoCTel HeAOHOWEHHOro pebeHka, Mo MeHbluel Mepe, AMCKyTabenbHo. Ans onpepenexHns
ONTUMaNbHOr0 COCTaBa M KOAMYECTBA HYTPUEHTOB [ANS HELOHOLWEHHOro pebeHka MoOXeT OblTb MCMONb30BaH MOAXOL
«no akTy», Npu KOTOPOM haKTUYeckue NoTpebHOCTU NPUBOASTCS B COOTBETCTBME C PACCYETHbIMU, OCHOBAHHbIMK Ha
ONTUManbHOM obecrnevyeHnn ero KM3HecrnocobHOCTM M pocTa. XoTs pe3ynbTaTbl HEKOTOPbIX MCCAELOBAaHWI MOKa3anu,
4YTO B TeYeHWe MepBbiX HECKONbKWUX Heaenb Nocjie pofoB cofepxaHue 6enka B MONOKE MaTepeil, poaMBLIMX LeTel
HeJ0HOLWEHHbIMU, MOXeT ObiTb Bbllle, YeM B MOJIOKE MaTepei, pOAMBLLMX AOHOLEHHbIX AeTel, BCKOpe KonnyecTBo 6enka
y nepBbIX OGbICTPO YMEHbLAETCSA M BNOCAEACTBME HE OTIMYAETCS OT MOJOKA MaTepei, pOAMBLUMX LOHOLIEHHbIX AeTeW.
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BckapManBaHue MUCKAHOYUTENbHO MAaTEPUHCKMM MOJIOKOM MPUBOAMT K CyBONTUManbHOMY POCTY M HELOCTATOYHOMY
obecneyeHno MUHepaNbHbIMK BelwecTBamMu. B ctaTbe obcyxaeHbl NOTPeOHOCTM HEQOHOLWEHHOro pebeHka B 3HEpruu,
6enkax, Xupax, yrneBonax, MUHepanbHblX BeWeCcTBax, Npo- U NpebuoTHnkKax, yueT KoTopbix Heobxoaum Ang obecneyeHums
ONTUManbHOroO NUTAHUS B TEYEHWE MEPBbIX AHEW NOC/e POXAEHUS. B 3aK/Il04EHMM NOAYEPKHYTO, YTO B HacTosLLee Bpems
Cpa3y nocne poXAeHWs HeAOoHOWeHHoro pebeHKa peKOMEH0BAaHO paHHee arpeccMBHOE MUTaHWe C HeMenNeHHOWN
bopTudmKaLmeint aMMHOKMCIOTAMU U BbICTPbIM BBEAEHUEM B MUTAHUE KUPOB. JHTEPANIbHOE NMUTAHWE A0/IKHO ObiTb HAYATO
BCKOPe Noc/ie POXAEHUS, MPeAnoYTUTENIbHO — B MePBbIi e leHb, U B la/ibHelLWeM NoCTeNeHHO YBENNYMBATLCSA B 06beme.
BckapmnuBaHueM Bbibopa fBNSeTCS KOpMieHWe MaTepUHCKMM MOJIOKOM Cpa3y nocfie poaoB € ero dopTudukaumen,
HauMHas co BTOPOM Hepenw ku3Hu pebeHka. CneunanbHble CMeCH, NpefHa3HaYeHHble 415 BCKAPMIMBHUS HEAOHOLEHHbIX
feTei, MOryT 6bITb XOpoLlel anbTepHaTUBOM B C/lyyae OTCYTCTBMSA FPYAHOro MOJIOKaA.

KnioueBble cnoBa: HeLOHOLWEHHbIE AETH; I'IOTpe6HOCTl/I B MULLEBbLIX UHIPpEAUHEHTAX; BCKapMJIMBaHUE; TpyaHOE MOJIOKO;
MOJI0OYHblIE CMECHK ONA BCKAPpMJIMBAHUA HEAOHOWEHHbBIX HOBOPOXAEHHbIX.

INTRODUCTION

Nutrition is of great importance for the preterm in-
fant. It is not only essential for survival, but also es-
sential because many organs of the preterm infant are in
a phase of rapid development. Preterm infants have to
face the rapid development that normally takes place in
the third trimester, outside the uterus. Early optimal par-
enteral nutrition has the potential to decrease the inci-
dence of growth failure after birth and the development
of BPD, NEC, sepsis and ROP [9]. It is for future life
essential that all factors that might influence the devel-
opment are as optimal as possible, including nutrition.
Lucas et al were the first to show that the type of nutri-
tion given in the first weeks after birth influenced the
psycho motor development of preterm infants till puber-
ty [13]. They found a better development when the nu-
trition contained more protein. Ehrenkranz et al showed
that the severity of illness as well as the early nutrition
practices are both, independently, associated with both
survival and neurodevelopmental outcome at discharge
and two years of age [10]. Another study showed that
not only psychomotor development improved by giving
more protein to preterm infants, also was the incidence
of infections lower [24]. At the same time however,
there might also be an upper limit to the intake of pro-
tein and calories in the neonatal period. Rapid catch-
up growth after intra-uterine malnutrition is related to
an increased risk to develop overweight and obesity in
later life [7].

HOW TO DEFINE THE OPTIMAL COMPOSITION
AND AMOUNT OF NUTRITION FOR THE PRETERM
INFANT?

Human milk is considered the optimal nutrition
for infants born at term. The composition of hu-
man milk however is rather variable from mother to
mother, partly based on the diet of the mother. It is
also variable from feeding to feeding and is changing
with the period after the delivery. It is reasonable to
question if human milk has the optimal composition

for the preterm infant. The rate of growth of the pre-
term infant is at least five times higher compared to
term infants. Secondly, the breast of the mother deliv-
ering preterm might yet be ready to produce the op-
timal composition of milk. Preterm infants receiving
mother’s milk only, show a lower gain in weight and
length than the growth of the so called reference fetus
[5]. It is therefore at least questionable if preterm hu-
man milk can be used to define the nutritional needs
of the preterm infant.

A second method to define the optimal composi-
tion and amounts of nutrients for the preterm infant is
the factorial approach. The estimated requirements are
calculated from the calculated requirements for main-
tenance and growth. Finally, data can be obtained from
studies in formula fed infants where the effects of the
amounts and addition of nutrients added to the formula
can be studied.

COMPOSITION OF HUMAN MILK FROM PRETERM
DELIVERING WOMAN

Some, but not all studies have shown that the pro-
tein content of milk from mothers who delivered pre-
term is higher in the first few weeks after birth com-
pared to milk of term delivering mothers. The protein
content however is very variable, ranging from 1 to
4 gram/100 ml [28]. Secondly, there is a rather rapid
decline in protein content in the first two to four weeks
after birth, after which period the content is not differ-
ent from the term delivered mother. The protein needs
of the very- preterm infant at that stage however are
still higher compared to the term infant, mainly due
to a higher growth rate. During the last trimester of
a normal pregnancy there is a rapid increase in body
stores of calcium, phosphorus and iron. Human milk
does not contain large amounts of these minerals,
at least not enough to mimic the intra uterine accre-
tion. Providing exclusively mothers own milk leads
to sub-optimal growth and insufficient accretion of
minerals [5].
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FACTORIAL CALCULATION OF THE NUTRITIONAL
NEEDS OF THE PRETERM INFANT

Energy

Different studies have shown that that the rest-
ing energy expenditure of the preterm infant is
around 60-65 kcal/kg/day [23]. In addition, is energy
needed for thermo regulation, activity and growth.
The weight gain of a fetus in the last trimester if preg-
nancy is 15-20 g/kg/day with the highest rate at the
lowest gestational age. The average weight gain of a
preterm infant in the period 26-36 weeks is around
17 gram/kg/day. The requirements for each gram of
growth are estimated as 2—5 kcal/gram growth. The en-
ergy needed for growth therefore is 40—50 kcal/kg/day.
When we add the energy needed for thermo regulation
(5-10 kcal/kg/day), for activity a same amount and
10% of the total intake for unabsorbed losses in feces,
can the total energy requirements of a preterm infant be
calculated as 110-130 kcal/kg/day. Studies in formula
fed preterm infants have shown that increasing the en-
ergy intake to 140 kcal/kg/day increase the weight gain,
but this is due to an increase in the amount of body
fat [15]. The increase in length and head circumfer-
ence is mainly influenced by the protein intake, the in-
crease in fat by the energy intake. Decreasing the intake
to 100 kcal/kg/day resulted in almost no weight gain in
small for gestational age infants and a lower fat accre-
tion in these infants compared to results found in the so
called reference fetus [25]. These findings support the
recommendation to provide 110-130 kcal/kg/day.

Protein

Protein is one of the most important components of nu-
trition for the preterm infant. Protein is not only essential
for maintenance, but also for psychomotor development,
for length growth and for the synthesis of many essential
proteins in the body like enzymes and immunoglobu-
lins. Proteins are built from amino acids (AA). A number
of AA’s can not be synthesized in the human body and
need therefore to be taken up with nutrition. The exact
requirements of most essential AA’s are not yet known
for the preterm infant. Studies in intravenously fed pre-
term infants showed that cysteine also might be an essen-
tial AA for them. An other factor that must be taken into
account when calculating the protein requirements of a
preterm infant is that it is recently found that a number of
AA's provided with oral nutrition are metabolized by the
gastro-intestinal tract [21]. This might indicate that the
AA requirements of the intravenously fed infant might be
different from the orally fed infant.

Amino acids are needed to compensate the obliga-
tory losses in urine, feces and through the skin. Second-
ly, they are needed for growth. The obligatory losses of
urea, the end product of protein degradation, in urine is

0.6-0.8 g/kg/day. It is remarkable that these figures are
equal for preterm infants and adults. The amino acid re-
quirements for growth are dependent on the gestational
age at birth and the postnatal age. The more preterm,
the higher the growth and the higher the protein needs.
The protein requirements for growth are 0.1-0.2 grams
of protein per 1 g of weight gain. This indicates an
amount of 2-3.4 gram/kg/day for a very preterm infant
with a weight gain comparable to the intra uterine situ-
ation [2].

In order to assure a sufficient supply of all essential
amino acids, and the fact that no protein might have the
optimal composition regarding the essential AA, some
extra protein needs to be given. The advised amount of
protein for a growing preterm infant, when given oral-
ly, ranges therefore from 4-4.5 gram/kg/day for an in-
fant with a body weight of less than 1000 gram and
3.5-4.0 gram for infants above 1 kg.

Formula contains cow's milk protein, a combination
of whey and casein. The amount of these proteins is bal-
anced in formula to mimic as possible the AA composi-
tion of human milk. Recent studies might indicate that
exclusively partly hydrolyzed whey protein might have
advantages for the preterm infant, but more studies are
clearly needed. There is presently no good evidence that
proteins should be given as hydrolysates to preterm in-
fants.

Lipids

Lipids are much more than a simple source of energy
for preterm infants. Lipids can be divided according to
chain length, level of saturation and essential vs non es-
sential.

Human milk contains as prominent fatty acid palm-
itic acid, a saturated fatty acid with 16 carbon atoms.
Palmitic acid in human milk is mainly bound to the sn-2
position of glycerol. After digestion by lipase's, a mono
glyceride with palmitic acid still at the sn-2 position re-
mains. This is more rapidly absorbed than free palm-
itic acid. Free palmitic acid binds to Ca in the intestine,
forming soaps. Thereby both palmitic acid and Ca are
less well absorbed. Formula's contain vegetable oil,
where palmitic is bound to the outer positions of glyc-
erol. After cleaving vegetable fat, free palmitic acid is
produced. This explains the more hard stools found in
formula fed infants and causes malabsorption of both
fatty acid and Ca. The lipid structure is adapted in mod-
ern formula's with palmitic being present in the more
favorable sn-2 position.

There are two families of essential fatty acids, de-
rived from linolenic acid (C 18:2 n-6) and linolenic acid
(C18:3 n-3). From linoleic acid arachidonic acid (AA)
(C20:4 n-6) is formed, from a-linolenic acid, after chain
elongation and desaturation steps, Eicosapentanoic acid
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(EPA) and Docosahexaenoic acid (DHA) (C22:6 n-3).
AA and EPA are precursors of prostaglandines, while
DHA is essential for the development of the brain and
the eyes. DHA is recently found to have important ef-
fects also on gene expression and is a important substrate
causing DNA methylation in utero. Studies have shown
that the administration of DHA to mothers during preg-
nancy is related to a better psychomotor development
of the offspring. Although some studies indicated a bet-
ter psycho motor development with supplementation of
formula with DHA, there is still debate on this topic and
no definite conclusions are possible at the moment [17].
Studies have shown that excess EPA might be harm-
ful for newborn infants, it might have a negative effect
on growth. Although it is recommended to supplement
formula's with fish oil, one has to be prudent with the
amount of EPA in this oil. The amount of EPA should
be less than the DHA intake. Although we found that
preterm infants are capable to synthesize AA and DHA
from they parent compounds soon after birth, levels de-
crease rapidly after birth when these fatty acids are not
supplied with nutrition [6]. Human milk contains both
AA and DHA. The estimated requirements for the par-
ent compounds are linoleic acid 400-1500 mg/kg/day
and more than 55 mg/kg/day for a-linolenic acid. The
estimated requirements for DHA are 12-30 mg/kg/day
and 18-42 mg/kg/day for AA. There is a competition
between the chain elongation and desaturation of both
parent essential fatty acids. The intake of linoleic acid is
always higher compared to a-linolenic acid. Due to the
competition between the chain elongation and desatura-
tion between both lipid classes, might a high intake of
linoleic acid result in a low formation of the essential
fatty acid DHA. The ratio of these fatty acids should
be around 5 to 1, for AA to DHA a ratio of 1-2 is ad-
vised [2].

Carbohydrates

The main carbohydrate in human milk, as well as
cow's milk is lactose, the combination of glucose and
galactose. Why human and cow's milk contains galac-
tose is unknown. Galactose needs to be converted in the
liver to glucose before it can be released as glucose in
blood. Glucose is a very important substrate for the pre-
term infant due to the high consumption of glucose by
the brain. Studies have shown a glucose utilization of
preterm infants of 6 mg/kg/min [15]. When the supply is
less than this amount, endogenous glucose production is
needed, from glycogen and amino acids. The glycogen
stores of preterm infants are very limited and might
be exhausted after a few hours. The risk to develop a
hypoglycemia therefore is high in preterm infants and
especially in preterm infants born small for gestation-
al age. Studies already done many years ago showed

that neurodevelopment was impaired in preterm infants
with repetitive periods of hypoglycemia (blood glu-
cose <2.8 mmol/l) [16]. The -semi- continuous admin-
istration of carbohydrates, with an amount of around
12 gram/kg/day therefore must be advised. At the same
time there also is a limit to the carbohydrate administra-
tion. Increasing the intake above 12—-15 gram/kg/day is
related to the excess formation of body fat, it does not
result in an increase in glucose oxidation to provide suf-
ficient amount of calories.

Minerals

The fetus in utero increases in weight from around
1000 gram at 26 weeks to 3500 gram at term. This in-
crease in weight is accompanied by an important in-
crease in minerals, especially sodium, potassium, cal-
cium, phosphorus and iron. The preterm infant has to
achieve this gain in minerals after birth.

The accretion of calcium and phosphorus during
the last trimester of normal pregnancy is estimated as
60—-80 mg/kg/day. It is very difficult to provide the pre-
term infant with sufficient amounts of calcium. There-
fore ostopenia is frequently seen in preterm infants.
The resorption of calcium in the gastro intestinal tract
of preterm infants is around 60 %. Given the low rate
of absorption is an intake of 120-140 mg/kg/day ad-
vised [2]. This intake however might result in the for-
mation of sedimentation of calcium at the bottom of a
bottle and the formation of calcium soaps. Carefully
designed formula's therefore are needed. Phosphorus is
much better absorbed than calcium, around 90 % of the
administered P is absorbed. The amount of P needed is
related to the amount of Ca absorbed, for bone growth
the ratio is almost 1:1. When the estimated Ca absorp-
tion is 60—-80 mg/kg/day, the phosphorus intake should
be 70-90 mg/kg/day.

Iron is essential for brain development, iron defi-
ciency therefore should be prevented. There is a large
transfer of iron during the last trimester of pregnancy,
the preterm infant lacks these iron stores. An overdose
of iron also must be prevented in the preterm infants,
as iron is a potent pro-oxydant and might cause the for-
mation of free oxygen radicals. Excessive iron supple-
mentation is also related to an increased rate of infection,
poor growth and a disturbed absorption of other miner-
als. Studies have shown that an iron intake of less than
2 mg/kg/day will likely result in iron deficiency in very
low birth weight infants. As a high iron intake might
cause adverse effects, an iron intake of 2—-3 mg/kg/day is
advised [2, 8]. Iron supplementation must be started at
2—4 weeks after birth. Higher iron intake is needed in in-
fants who have undergone frequent blood sampling with
higher volumes, while iron supplementation must be re-
stricted in infants receiving multiple blood transfusions.
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A high iron intake as well as multiple blood transfusions
are correlated with an increased risk to develop retin-
opathy of prematurity.

The need for sodium and potassium is higher for
the preterm infant compared with the term infant due
to an immaturity of the kidneys, minerals needed for
growth and losses through the skin with evaporation.
The sodium and potassium requirements for preterm in-
fants are given in table 1.

Pro- end Prebiotics

The gastro intestinal tract of an adult contains more
bacteria than the total number of cells of the body. It is
estimated that the gastro intestinal tract contains bac-
teria. Many of these bacteria are not yet characterized.
A number of these bacteria are considered “healthy”
bacteria, an other part as potential pathogens. Examples
of “healthy” bacteria are Bifido Sps and lactobacillae,
while gram negative bacteria as E. coli, Pseudomo-
nas and others are considered as potential pathogens.
The gastro intestinal tract of the preterm infant becomes
colonized with bacteria during the passage trough
the vaginal tract during delivery. Some bacteria might
pass the fetal membranes and cause a first coloniza-
tion before birth. Further colonization takes place after
birth, partly from the environment, but also from the
mother through breast milk. Human milk contains bac-
teria. Studies have shown that the gastro intestinal flora
of an infant born by cesarean section is different from
the vaginally born infant, most likely due to a lack of
bacteria transmitted during the passage through the birth
canal [4]. The variability of bacteria is higher in infants
receiving breast milk compared to formula fed infants
[3]. Bacteria in the gastro intestinal tract play an impor-
tant ant role in the development of the immune system,
what is related to the presence of many lymph nodes
around the g. e. tract.

The gastro intestinal flora of formula fed infants
generally contains less of the “healthy” bacteria Bifido
sps and lactobacillaec. Many studies have evaluated if
the supplementation of formula with live bacteria (pro-
biotics) has positive effects for the preterm infant. A re-
cent meta analysis of all studies done in preterm infants
receiving pro-biotics concluded that the incidence of
NEC was reduced in infants receiving pro-biotics [1].
It is not clear at this moment which pro-biotic bacteria
should be given at what dose. More studies are needed
to delineate what the advantages of pro-biotics might
be, which bacteria should be given and at what dose.

Another way to influence the g. e. flora is the admin-
istration of prebiotics. This are soluble long chain sug-
ars that are not absorbed in the g.e. tract. These sugars
stimulate the growth of the so called “healthy” bacteria.
Studies have shown higher levels of these bacteria after

Table 1

Recommended intakes for macro- and micronutrients expressed
per mg [middle dot] kg-1 [middle dot] day-1 and per 100 kcal
unless otherwise denoted Agostoni et al., 2010 [2]

Min-max Per kg '-day ' Per 100kcal
Fluid, mL 135-200
Energy, keal 110-135
Protein, g <1kg body weight 4.0-4.5 3.6-4.1
Protein, g 1-1.8kg body weight 3.5-4.0 3.2-36
Lipids, g (of which MCT <40%) 4.8-6.6 4.4-6.0
Linolenic acid, mg” 385-1540 350-1400
a-linolenic acid, mg >55 (0.9% of >50
fatty acids)
DHA, mg 12-30 11-27
AA, mg' 18-42 16-39
Carbohydrate, g 11.6-13.2 10.5-12
Sodium, mg 69-115 63-105
Potassium, mg 66-132 60-120
Chloride, mg 105-177 95-161
Calcium salt, mg 120140 110-130
Phosphate, mg 60-90 55-80
Magnesium, mg 8-15 7.5-13.6
Iron, mg 2-3 1.8-2.7
Zinc, mg' 1.1-2.0 1.0-1.8
Copper, pg 100-132 90-120
Selenium, pg 5-10 4.5-9
Manganese, pg <275 6.3-25
Fluoride, pg 1.5-60 1.4-55
lodine, pg 11-55 10-50
Chromium, ng 30-1230 27-1120
Molybdenum, pg 0.3-5 0.27-45
Thiamin, pg 140-300 125-275
Riboflavin, pg 200-400 180-365
Niacin, pg 380-5500 345-5000
Pantothenic acid, mg 0.33-2.1 0.3-1.9
Pyridoxine, pg 45-300 41-273
Cobalamin, pg 0.1-0.77 0.08-0.7
Folic acid, pg 35-100 32-90
L-ascorbic acid, mg 11-46 10-42
Biotin, pg 1.7-16.5 1.5-15
Vitamin A, pg RE, 400-1000 360-740
lpg ~3331U
Vitamin D, 1U/day 8001000
Vitamin E, mg 22-11 2-10
(a-tocopherol equivalents)
Vitamin K, pg 4.4-28 4-25
Nucleotides, mg <5
Choline, mg 8-55 7-50
Inositol, mg 4.4-53 4-48

AA =arachidonic acid; DHA = docosahexaenoic acid; IU = international
unit; MCT = medium-chain triacylglycerols.

Calculation of the range of nutrients expressed per 100 kcal is based on
a minimum energy intake of 110kcal/kg.

The linoleic acid to «-linolenic acid ratio is in the range of 5 to 15:1
(wt/wt).

" The ratio of AA to DHA should be in the range of 1.0-2.0 to 1 (wt/wt),
and eicosapentaenoic acid (20:5n-3) supply should not exceed 30% of DHA
supply.

' The zinc to copper molar ratio in infant formulae should not exceed 20.

the supplementation of formula with these sugars [3].
Studies in term infants with a family history of allergic
symptoms have shown a reduction of infections and al-
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lergic symptoms. In a large European study in infants
without a family history of allergy, we hardly found a
difference in the incidence of infections in relation with
the supplementation with pre-biotics [11, 26]. Stud-
ies in preterm infants found a lower incidence of infec-
tions in infants receiving a combination of pre-biotics
[19]. More studies are needed to define to potential role
of pre-biotics in a preterm formula.

NUTRITION IN THE FIRST DAYS AFTER BIRTH

Optimal nutrition of the preterm infant in the first
few days after birth is very important. A weight loss up
to 10% is frequently seen in these infants. This is not
only due to a loss of water, but also of tissue, includ-
ing lean body mass. Regaining these losses is difficult,
therefore is it important to prevent these losses.

The fetus receives before birth up to 3 g/kg/day
amino acids. Interruption of this supply will result in a
negative nitrogen balance. Many studies in preterm in-
fants have shown that protein balance can be achieved
already at the first day of life when at least 1 gram amino
acids is provided intravenously [12]. This is also true at
a relatively low caloric intake of 40 kcal/kg/day. Many
recent studies have evaluated the administration of up
to 3.5 gram amino acids from the first day of life. Al-
though a positive protein balance can be achieved with
this intake, in a number of infants an increase in blood
urea was found. If this might be harmful for these in-
fants is presently unknown. It might be advisable to
start with 1-1.5 grams of amino acids as soon as pos-
sible after birth and to increase this dose to 2.5 grams
on day two and 3-3.5 gram on day three. Which amino
acid solution is the most optimal is still a matter of de-
bate. This is partly due to the fact that the exact needs of
all essential amino acids is yet unknown. Secondly, not
all amino acids are very well soluble in the i.v. Amino
acid solutions. like cysteine. An amino acid solution
with 10% AA has advantages as less fluid is needed to
provide sufficient AA.

The amount of glucose that can be give on the first
days of life is limited due to the risk of hyperglycemia.
As indicated before, is an minimum intake of 6 mg/.
kg/min advised. In order to provide sufficient calories is
the administration of i. v. lipids is advised. Most reviews
advise to start with 1 g/kg/day on day one or two and in-
crease this dose in three days to 2.5-3 gram/kg/day. It is
yet unclear which i.v. Lipid emulsion is most optimal
for preterm infants. Emulsions with 20 % lipids are bet-
ter tolerated compared to 10% emulsions. Most emul-
sions contain high amounts of linoleic acid, and very
limited amounts of a-linolenic acid. This might lead to a
deficiency of DHA. Some recently developed i.v. lipid
emulsions contain DHA and less linoleic acid [20]. More
studies regarding the i.v, lipid emulsions are needed.

Oral nutrition in the first days after birth

There are basically no contraindications to start with
oral feeding within hours after birth in the preterm in-
fant. One exception could be the infant born with se-
vere asphyxia. Early introduction of enteral feeding
might enhance the maturation of the gastro intestinal
tract [22]. The gastrointestinal tract might — partly-
be dependent on nutrition delivered in the tract itself.
The most published advise is to start on the first day of
life with 20 ml/kg/day and increase this with the same
amount daily. There are no randomized controlled trials
to show with which intake to start and how to increase
the intake daily. Neither are there good studies about
the gastric residuals as indicator to stop or continue
feeding. Residuals just before a next feeding of 3 ml in
ELBW infants and 5 ml in VLBW infants probably is
physiologic.

The question is with which feeding to start. Human
milk of the own mother has the clear preference. The
mother will be able, in most situations, to provide this
rather small amount of milk during the first few days af-
ter birth. It is questionable if, in the absence of mothers
own milk, donor human milk or formula must be given.
Given the composition of donor human milk and for-
mula seems a preterm formula more appropriate. There
are no convincing studies to show that -partially- hydro-
lyzed formula has advantages.

Oral nutrition after the first few days of life

Mothers own milk is considered to be the most opti-
mal feeding for the preterm infant. As indicated before,
the composition of mothers own milk is quite variable
and in most cases insufficient regarding the content of
protein, minerals, especially Ca and P and vit D and vit
K. When mothers own milk is given, it is advisable to
add fortifiers, including these compounds that might be
too low in this milk. How much fortifier to add is not
simple. Ideally, the composition of human milk should
be measured before supplementing it. This might not
always be possible. A too low intake of protein will re-
sult in a low gain in length and weight, a too high in-
take in an increased urea in blood. Whether sufficient
Ca and P is provided can be estimated from the excre-
tion of Ca and P in urine, there should be small, but
almost equal loss of both in urine. A higher Ca than P
loss indicates a low P intake, a lower Ca than P loss a
low Ca intake.

When mothers own milk is not available, is it ad-
vised by some authors to provide donor milk. One must
realize however that the protein content, as well as the
content of other vital products in donor milk, might be
rather low and insufficient for the preterm infant, as is
donor milk obtained from mothers who delivered at
term. When donor milk is used, one should measure the
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content of protein, calcium, phosphorus and calories in
that milk and add supplements as needed.

Industry has designed a number of special preterm
formulas. There are some differences between these
formulas, it is not likely that these differences are clini-
cally important. Recently the use of hydrolyzed whey
protein was advised, but more studies are needed to
show if this has advantages fore the preterm infant.

All preterm formula's are supplemented with essen-
tial fatty acids, both the parent compounds and DHA
and AA. Some formula's are supplemented with probi-
otics, others with prebiotics. Formulas are also supple-
mented with nucleotides, if this has advantages for the
preterm infant needs more studies.

A number of studies, but certainly not all, have
shown a lower incidence of necrotizing enterocolitis in
preterm infants receiving human milk. It is, in these
studies, difficult to differentiate between the effect of
the composition of human milk and other factors that
might be related to the development of this disease.
It might for instance well be that the mother of a very
sick infant might have problems to produce milk, while
the illness of the child might be a risk factor for the de-
velopment of NEC.

Another component that might be advantageous or
preterm infants is glutamine. Glutamine might improve
gut integrity and thereby reduce bacterial translocation.
In a meta-analysis no evidence for a lower incidence
of invasive infections was found in infants receiving
a glutamine enriched nutrition [18]. Some, but not all
studies, showed a higher gain in weight, length and
head circumference in infants receiving supplemental
glutamine [27]. More studies are needed to firmly deter-
mine the role of glutamine in neonatal nutrition.

The European Society for Pediatric Gastroenterol-
ogy and Nutrition published in 2010 recommendations
for the intake of nutrients for the preterm infant. These
data are shown in table 1.

CONCLUSION

In conclusion, optimal nutrition is of vital impor-
tance for the preterm infant. It not only promotes
growth, it stimulates the neurodevelopment and reduc-
es the risk for complications like infections, retinopa-
thy of prematurity, BPD and NEC. Early, aggressive
nutrition directly after birth with the immediate intro-
duction of amino acids and rapid introduction of lip-
ids is advised. Enteral feeding should be started very
soon after birth, preferably on the first day of life
and increased in the days thereafter. The first choise
for enteral feeding in mothers own milk, supplemented
from the second week with a fortifier. Special preterm
formula serves as a good alternative in cases breast
milk is not available.
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