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Abstract

The nutrition of very low birth weight (VLBW) infants is aimed at promoting a similar growth to that occurring in the uterus. How-
ever, in practice this is difficult to achieve and extrauterine growth restriction is frequent. The current tendency is to avoid this
restriction by means of early parenteral and enteral nutrition. Nonetheless, uncertainty about many of the practices related with
nutrition has resulted in a great variation in the way it is undertaken. Recommendations based on current publications are presented
for postnatal preterm nutrition, depending on birth weight: less 1000g, between 1000 and 1500g, and above 1500g, as well for the
development periods: adaptation, stabilisation and growth.
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Introduction

In the last decade there have been important changes in the nutrition of the premature baby, especially the extremely low birth weight
(EBPN), less than 1,000g at birth in whom postnatal growth restriction (RCPN) is very frequent and the consequences of Lack of energy,
protein and nutrients in the first few weeks affect the potential for further development. Interventions with early nutrition and increased
protein intake have documented: reduction of parental nutrition, better cranial growth, better size and better development evaluated at
2 and 5 years. Although postnatal growth is also affected by morbidity, especially bronchopulmonary dysplasia (DBP), enterocolitis, and
sepsis, growth can be improved with management protocols and nutritional surveillance. Neurodevelopment is associated with the best
nutritional care and the best growth achievements. The risk of postnatal malnutrition is greater at a lower gestational age and avoiding

the risk is essential, so the intervention must start from birth [1].
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Breastfeeding has multiple nutritional, gastrointestinal, immunological, psychophysical and neurological and maturation benefits.
That is why it is recommended to promote the use of human milk from the mother herself as a priority in the feeding of premature chil-

dren and in any other risky infant. It is important that the team knows the benefits of breastfeeding and the health risks artificial formulas

[2].

There are multiple benefits of breastfeeding both for the child and its mother, and for society as a whole. Breastfeeding especially
lowers the risk of diarrhea, acute otitis media, lower respiratory infections, and related mortality. It also decreases the risk of necrotizing
enterocolitis and sepsis, especially in premature infants [3]. The administration of human milk in premature babies has been related to

shorter hospitalization times, fewer re-hospitalizations and better post-high health conditions [4].

Most preterm infants accumulate significant energy, protein, mineral, and other nutrient deficits upon discharge from hospital. Al-
though demand-fed preterm infants consume higher volumes of milk than term infants after hospital discharge, growth deficit persists
throughout childhood and beyond [5]. Poor postnatal growth, especially of the head, in preterm infants is associated with an increased
risk of neurodevelopmental disorders in childhood, as well as poor cognitive and educational outcomes. Premature infants who have ac-
cumulated calcium and phosphate deficits at the time of hospital discharge are at increased risk for poor bone mineralization, metabolic
bone disease, and slower skeletal growth compared to term-born infants. It is also a concern that nutritional deficiency and growth retar-

dation, both in utero and in the neonatal period, may have long-term consequences for cardiovascular health [6].
General aspects of enteral feeding breast milk

Breast milk is the first alternative of enteral supply for premature babies. To obtain adequate volumes, milk extraction must be started
before 6 hours of life. The extraction must be carried out 8 times a day, until the milk is lowered, and subsequently 6 times a day. The
extraction can be manual or by pump, ideally by pump, both breasts simultaneous and with massage. It is important to monitor milk pro-
duction, since it tends to decrease by the third week; In that case, the use of galactagogue and the increase in the frequency of extraction
significantly increases milk production [7]. The milk of the mother of the premature baby contains more protein, sodium and IgA. Despite
this higher content, which decreases progressively in the first month, it is necessary to increase the contribution of protein, calcium and
phosphorus. The protein and energy content is variable between one mother and another, and this variability is greater than in term
mother’s milk, so that one child can receive a very good nutritional contribution, but another cannot [8]. There is no relationship between
the energy intake and the proteins in breast milk (Table 1). The amount of protein is the biggest limiting factor in growth. Monitoring
growth and controlling urea nitrogen (NU) is essential, since if growth decreases and the urea is less than 8, it requires additional protein,
even on the fortifier [9]. Donated breast milk has a significantly lower protein content; In addition, when pasteurized, they decrease its
bioactive properties and infection protection, but it maintains advantages in the risk of necrotizing enterocolitis (NEC) in relation to the

formulas. For good growth, it requires optimal fortification and eventually mixed feeding with formula [10].

Enteral
Volumen ml/kg 20-150
Protein g/kg 0.5-4.5
Energy kcal/kg 15-120
Relation protein-energy, g/100 kcal 3.7

Table 1: Needs of the enteral feeding in newborn.
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Fortifiers and premature formulas

The essential nutrients to supplement breast or donated milk are protein, calcium, phosphorous, zinc and iron for a good evolution.
Commercial fortifiers contain other theoretically necessary nutrients. It is important to individualize the fortifying supplement as de-

scribed below, eventually adding protein of the lactalbumin type [11].

Standardized fortification assumes an average nutritional composition in the 2-week-old breast milk and adds a fixed dose of fortifier.
Given the variability in the composition of breast milk, standard fortification may not be correct. It does not achieve growth contributions

similar to those fed by the formula, especially if the protein content is below average.
Individualized fortification is proposed
e  Fortification based on the analysis of breast milk (infrared spectroscopy and periodic analysis).

e  Adjustable fortification according to metabolic response: periodically evaluate with nitrogen urea; the target range is 9 to 15
mg/dL It intervenes with a value lower than 8 mg/d], increasing the concentration of the fortifier, correlating with the growth
rate: children who grow < 15 g/kg/day or slow down, probably need more protein; the addition of 0.5 - 1 g/kg/day of protein is

reasonable, the fortifier can be used at 5 or 6% [12].
Premature formulas

Preterm formulas are more concentrated in protein (60%) and energy (20%), and in all nutrients, than term formulas. They were
developed to cover premature requirements between 1,000 and 2,000 grams, however it becomes inadequate for the extremely low birth
weight (ELBW, lower than 1000 grams) who needs higher protein requirements. Ideally, the amount of protein per 100 kcal should be
greater than 3.5 for extreme low weight birth, possibly more, if you had Intrauterine growth restriction and are in recovery growth. In
case of limitation of the volume contribution, the use of formula with 101 kcal per 100 ml allows a good contribution with 130 to 150 ml/
kg/day. The formulas are prepared so that with 230 to 300 ml daily, depending on the brand, the complete recommendations of vitamins

and minerals are covered. The calcium-phosphorus ratio in millimoles is from 1.5: 1 to 2: 1, given the lower oral calcium absorption [13].
Specific enteral feeding recommendations according to patient weight

For the specific recommendations, 3 stages have been considered: adaptation (considers the first week of life), stabilization (between
the week of life and the exclusive enteral supply) and growth (patient with enteral supply, growing and maturing) and three groups of
premature according to their birth weight: less than 1000 grams, 1000 - 1500 grams and from 1500 to 2000 grams [14].

Nutrition of the minor of 1.000 grams
Adaptation period

This stage is a nutritional emergency due to its limited reserves and the association with long-term neurodevelopment [15]. It is es-
sential to reduce weight loss, catabolism, and lean mass loss in the first week and provide nutrition that approximates the growth rate and

composition of a normal fetus of a similar post conception age very early [16].
Enteral feeding

There is a growing consensus to start enteral feeding on the first day of life in premature infants who are not critically ill. Onset is

delayed in children under 1,000 grams with Intrauterine growth restriction and/or altered Doppler no later than 48 hours [17]. One of

Citation: Alejandra Itzel Contreras Rivas., et al. “Enteral Nutrition: Challenges of Prematurity in Neonatal Intensive Care Units”. EC
Paediatrics 9.12 (2020): 85-97.



Enteral Nutrition: Challenges of Prematurity in Neonatal Intensive Care Units

88

the difficulties of early onset is the consideration of food or mucous gastric residues. In the first days there will always be residue, even in
larger volumes of the contribution delivered. Not measuring waste is a suggested possibility or establishing waste management protocol
[18]. The presence of residues does not anticipate or is associated with the risk of necrotizing enterocolitis [19]. European groups start
very slow enteral delivery: every 6 hours, increasing the frequency daily. Bile (moss green) or hematic residues are pathological and
should lead to a clinical evaluation. The first alternative is milk from its own mother or donated milk, but if they are not available, the start
of enteral feeding should not be delayed, with formula in minimum volumes. Diluting the formula offers no significant benefits [20]. The
start with hydrolyzed formula shows better tolerance. The goals of parenteral and enteral nutrition in the first week are to achieve at 7
days: at least 4 g of protein/kg and 120 cal/kg. Observe weight loss the first 3 to 4 days. Obtain born weight recovery at 9 + 3 days. Start
the enteral supply on the first to third day and obtain breast milk very early [21].

Stabilization period

After the first week of life, the goal is an early recovery of birth weight and a growth rate similar to intrauterine for gestational age. The
nutritional contribution is delivered through parenteral and enteral. If the enteral supply is from 0 to 30 ml/kg, the complete parenteral
nutrition must be maintained, adapting the volume to the requirements according to age and concomitant morbidity (ductus, oxygen
requirements, renal function). In this period it is easy that the nutritional contribution is insufficient and It can significantly impact the

degree of recovery of birth weight [22].

In the newborn weighing less than 800 grams, especially if it has presented deterioration in the period of adaptation, it is recom-

mended to maintain an enteral contribution of 100 to 120 ml/kg/ day with a parenteral contribution of 30 to 40%.

Nutritional requirements several days before stopping the parenteral since they tend to have less absorption intestinal due to intra-
uterine malnutrition. The contribution of Proteins must be kept adequate, since insufficient intake has been documented when suspend-

ing parenteral nutrition, while a good enteral contribution is reached with repercussion in the growth rate [23].
Rate of increase in enteral supply:

The increase in enteral supply in this group is 15 to 20 ml/kg/ day, but many babies do not tolerate these increases, especially the
babies with restriction and altered fetal doppler, so reaching the contribution enteral can delay. Children under 750 grams may benefit
from an increase of 10 ml/kg/ day every 48h, especially if the local risk of necrotizing enterocolitis is high [24]. In this period, gastric
residues can be an obstacle to the advance of the contribution. The recommendation to return them and complete the indicated volume

can facilitate reaching the total enteral contribution [25].
Enteral supply

Preferably mother’s breast milk. Fortification can be started with 50 ml/kg/ day if the food tolerance is good (without further abdominal

bloating, little residue). This will allow not producing insufficient protein intake.
Formula for premature babies

They do not cover protein recommendations in this group, unless the contribution is greater than 180 ml/kg/day. Consider supple-

menting if necessary, especially on baby’s with restriction.

Donated milk. Consider protein content and measure it if possible. Select from donor mother of premature or early mature milk (less

than one month). Fortify as above. Individualize contribution according to protein, energy content and evolution [26].
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Alimentary intolerance

In this period, some babies have not made significant progress in enteral intake due to food tolerance problems. Intolerance is ex-
pressed by the presence of persistent residuals and bloating, which prevents progress in the volume of enteral delivery, although it is

always considered as a differential diagnosis. It is more frequent in the son of a hypertensive mother [27].
As measures it is recommended

e  Avoid prolonging the enteral fast (beginning at the latest 48 hours of life).

e  Use of non-nutritive suction (pacifier use), if it is not with an orotracheal tube.

e  Use of continuous enteral feeding.

e  Use of breast milk or formula with protein hydrolysate.

e Feeding in slow boluses every 2 or 3 hours, by orogastric tube, is recommended, but for children under 850g, or if there are

problems with food tolerance or significant respiratory compromise, the use of continuous feeding is more appropriate [28].
Nutritional goals

Increased weight. The intrauterine evolution in this period is 18 - 19 g/kg/day (prior to 30 weeks). These levels are difficult to achieve
during stabilization. Depending on the morbidity situation, reaching 15 g/kg/ day is a sufficient objective. Recovery of birth weight is
expected in this period: between 8 and 12 days of life. Longer time translates into insufficient nutritional intake. Estimating the amount of
protein and total energy received is essential to adjust the contributions. This aspect of neonatal care tends not to be considered and the
presence of standardized protocols and a nutritional surveillance system allows to minimize the insufficient contributions and, with this,

to reduce the incidence of restriction [29].
Growth stage

From the moment he achieves complete enteral feeding, the birth weight has already been recovered and the task is to have a growth
in weight, height, cranial growth and body composition similar to the intrauterine of the same gestational age. In addition, the adapta-
tion period must be recovered, in which there is generally no growth and there is morbidity that affects growth. Until now the postnatal
growth of the premature baby is different from the intrauterine one, with greater accumulation of visceral adipose tissue and less longitu-
dinal growth. The advance should be focused on producing adequate cranial and longitudinal growth and avoiding the disproportionate
deposit of visceral fat. In this context, the emphasis is given by an adequate quantity and quality of proteins and less in the contribution of
energy [30]. The postnatal growth of the premature baby is disproportionate in the different parameters: the head circumference grows
relatively well, the weight is slower and the height is the one that experiences more delay. Today emphasis has been placed not only on
achieving anthropometric growth, similar to intrauterine, but also on achieving an adequate and proportional body composition. We need
to have a tool that allows evaluating body composition, ideally measuring the amount of adipose tissue deposited, currently available
internationally with total body densitometry but very expensive for routine clinical application. Her own mother’s milk and fortified is
the most recommended diet [31]. The use of bank breast milk, in the case of not having breast milk from its own mother, reduces some
complications, but the growth is less, so it should be very well fortified, ideally with analyzes of macro nutritional composition and pro-
portional fortification. It must be considered that the advantages of feeding with breast milk are related to the volume ingested and the

continuity of its contribution: the higher the volume, the greater the benefit [15].
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If breast milk is not available, the contribution with formulas for premature babies is adequate in most cases, but it must be remem-
bered that these milks have not been designed for babies with extremely low weight for gestational age and their protein content may be
insufficient for current recommendations, especially in preterm infants with restriction that require recovery growth and also in recovery
from birth weight derived from severe morbidity and insufficient intake in the first weeks of life. Having a high protein formula is more
appropriate but is not currently available in every country. Increasing the fortifier to a quarter or a half of the usual dose to add to the
formula is an alternative or add 0.3 to 1% protein concentrate [32]. An enteral supply of 180 ml/kg/ day has been recommended in this
period, but if the premature baby does not have cardiopulmonary problems that require limiting the volume, some premature babies re-
quire more, especially if they were born with [UGR. This is frequently observed after 33 to 34 weeks of postconceptional age due to hunger

manifestations between feedings [33].
Evolution control

Achieve catch-up growth and avoid extrauterine malnutrition. Assess postnatal growth by measuring growth velocity and plotting
measurements prospectively on reference curves or by assigning percentiles. Evaluate with Fenton (percentiles); drop in percentiles
means extrauterine malnutrition. The weight of the 3™ day of life (in general it is the lowest weight) can be considered as the reference
value to evaluate growth and observe the increases in the percentiles or score. Growth in this stage is dynamic, the growth rate increases

with increasing gestational age until term, where it slows down [34].

Measuring only growth rate we do not have the reference with respect to normal growth. In general, weight greater than 20 g/kg/day,
size 1 - 1.2 cm/week, cranial growth 0.8 - 1 cm/week. Linear growth reflects lean mass and organ growth, including brain, and together
with the head circumference, should be evaluated weekly and plotted on the reference curves. Better growth is associated with better

neurodevelopment.
e Hematological controls and reticulocyte count every 10 - 15 days.

e  Control plasma electrolytes (sodium must be kept above 130 mEq/dl), calcinemia, phosphatic, alkaline phosphatases every 10
- 15 days.

e Increase calcium and phosphorous intake.
e  Ensure vitamin D supplement 400 IU daily, eventually increase to 800 depending on evolution and history.
e  Review medications and suspend diuretics and corticosteroids if possible [35].

Nutrition from 1,000 to 1,500 grams

Enteral delivery begins early, on the 15 or 2" day, if the child is stable. Delay it, if there is a history of altered Doppler, restriction, or
severe suffocation. The increase in children at low risk of necrotizing enterocolitis can be 20 to 30 ml/kg/day, and in those at risk, 15 to
20 ml/kg/day [36].

Stabilization period

The newborn between 1,000 and 1,500 can be at 7 days with enteral and parenteral or enteral and glucose solution and electrolytes.
Some may be with only enteral supply, since the daily increase can be from 20 to 30 ml/kg/ day if they have not had greater morbidity

or severe restriction. Enteral delivery is by orogastric or nasogastric tube every 3h in slow bolus. Recovery of birth weight is expected
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between 6 and 10 days. The weight increase for the period is from 15 to 24 g/kg/day. Some premature baby with severe restriction of
growth weighing less than 1,200 g may have food intolerance, but it is rare. In these children, increases in intake of 15 to 20ml/kg/day
every 24 to 72 hours may be necessary and follow recommendations for food intolerance. Start of breast milk fortifier with volumes of
50 to 80 ml/kg/day [37].

Growing period

The observation of growth is similar to that described in the group less than 1,000 grams, both anthropometry and laboratory tests
have similar recommendations. The risk of osteopenia is low and associated with management or morbidity such as pulmonary broncho

dysplasia, short bowel, prolonged parenteral [38].
Nutrition from 1,500 to 2,000 grams
Adaptation period

This group does not require starting parenteral nutrition. Only if it is not reached a minimum enteral supply after 5 days of 40 to 50
ml/kg and some pathology situation is added that prevents enteral feeding, will be supported with parenteral nutrition the minimum
necessary until your recovery. There is a practice of leaving premature infants without food upon admission to the neonatal unit, which in
this group is even less justified. In most cases, they will not be able to receive complete feeding by mouth, but they will be able to receive
it through a nasogastric tube and they will be given orally according to their gestational age. Starting enteral from 20 to 30 ml/kg/day
and advancing from 30 to 35 ml/kg/day will allow to quickly obtain an adequate nutritional contribution [39]. In case of very important

morbidity or preterm with altered Doppler, the start of the enteral supply should be deferred 48h [40].
Stabilization period

This period is very short or inapparent in healthy preterm infants, but with a high-risk patient for necrotizing enterocolitis, it requires
combining parenteral nutrition and a slow rise in the enteral supply from 15 to 20 ml/kg/day. With about 80 ml of well-tolerated enteral

supply, the parenteral supply can be suspended [41].
Growth period

In these patients the use of fortified breast milk can achieve good growth, especially if there is no volume limitation, but there would
be no optimal ossification. Fortifying with calcium (60 - 80 mg/kg/day) and phosphorus (40 - 60 mg/kg/day) during hospitalization will
help better ossification. If the supply volume is restricted, feeding with breast milk should be considered fortifying [42].

What is the best way to provide enteral feeding: Continuously or intermittently (By bolus or gavage)?

Enteral feeding through a naos, or orogastric tube is necessary in most sick and / or very premature newborns. The conventional way
of feeding via gastric tube is in the form of a bolus, given in 10 to 20 minutes by gravity. However, this method is not always tolerated by
critically ill or very low gestational age babies. The first report of continuous nasogastric tube feeding was in 1972 by Valman. There are
some theoretical advantages and risks with each of these two modalities. Feeding in the form of intermittent bolus by gavage is considered

more physiological since it promotes the cyclical increase in intestinal hormones as normally occurs in the healthy newborn [43].

These gastrointestinal hormones such as gastrin, gastric inhibitory peptide and enter glucagon are trophic factors that require the
presence of intraluminal nutrients for their secretion. Sudden cyclical increases in plasma concentrations of these hormones appear to be

of importance for the development and maturation of the postnatal gastrointestinal tract [44]. On the other hand, functional limitations
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of the gastrointestinal system of a premature baby, such as delayed gastric emptying or intestinal transit, may affect his ability to tolerate
feeding given as an intermittent bolus. In a retrospective study published only in abstract form in 1981, Krishnan found that babies fed

continuously achieved caloric intake and weight gain faster than those fed intermittently [45].

Premji in 2001 performed meta-analysis, comprising 443 premature infants where the available evidence suggests that continuously
fed babies take longer to achieve full enteral nutrition. Although no differences in growth were detected, this can be attributed to the fact

that all babies received a consistent supply of nutrients through parenteral feeding [46].

In conclusion, although there is not enough evidence to recommend one modality over the other, considering the advantages of inter-
mittent feeding on intestinal development and maturation and the disadvantages of rapid bolus feeding on the duodenal motor response,
and the potential beneficial effect in weight gain in the smallest babies who received continuous feeding, the recommendation of this
consensus group is to individualize the modality of > 45 enteral supply to each patient and to try, whenever possible, to give this contribu-
tion intermittently but slow (feeding with an infusion pump in a period of 1 to 2 hours every three hours), especially in very immature

newborns and / or with difficulties to tolerate feeding [47].
What is the best way to provide enteral feeding when the newborn does not suction: By nasogastric or orogastric tube?

Establishing safe oral feeding in preterm infants may be delayed due to poor sucking and swallowing coordination, neurological im-
maturity, and respiratory compromise. In such cases, enteral feeding can be delivered through a catheter or tube nasal or buccal to the
stomach or upper small intestine. Neonates breathe almost exclusively through the nose. Nasal feeding tubes can cause partial nasal ob-
struction, increased airway resistance, and increased work of breathing, as detected by lung function studies [48]. Oral tubes, on the other
hand, can cause vagal stimulation with bradycardia and apneas. They are also more difficult to maintain in an adequate position and tend
to move more easily, increasing the potential risk of aspiration and respiratory compromise. There is insufficient data in the literature to
help us determine best practice [49].

Use of feed tubes

The enteral feeding tube is a tube of more or less flexible plastic material that is normally placed nasal, although it can also be placed
orally. They are made of different materials, such as polyvinyl, silicone or polyurethane. Polyvinyl are thick and stiff, making them very
useful for suctioning [50]. Silicone and polyurethane ones are thinner and more elastic, preferable for long-term drilling, and thus reduce
the discomfort and vagal phenomena associated with their placement. No differences were found in terms of weight gain, incidence of
apnea or bradycardia when the probe was kept for more than 3 days compared to placement before each feeding, and instead the cost
was higher when it was placed each time as more probes were used [51]. Given the high cost of using a different tube for each feeding, the
time requirement of the nursing staff and the potential stressful or traumatic effect for the neonate, it is recommended to use more “per-
manent” tubes. If polyvinyl tubes are used, they should be changed every 48 to 72 hours, to avoid possible bacterial growth and lesions

in the oropharynx. Silicone and polyvinyl tubes can be kept for 4 to 6 months, although most units change them every few weeks [52].
What are the recommended intervals to provide intermittent enteral feeding?

The physiological response to feeding in preterm infants has been studied in terms of gastric emptying, intestinal motility, the hor-
monal response, and the vasodilatory response at the mesenteric level, with enteral bolus delivery everyone, two, or three hours. Feeding
every hour produces a slight but sustained increase in mesenteric flow, whereas feeding given every three hours produces an increase
flow, returning to the basal level around 2 hours [53]. Different volumes do not influence significantly and the response is different with
formula than with breast milk. With dairy formula the initial response is greater, but with breast milk it is more sustained. The practice of

administering hourly boluses has not been experimentally evaluated. It requires more human resources and the real benefit has not been
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documented. The residue is frequent in highly fractional feeding since the average gastric emptying time is 35 minutes for breast milk but
70 for dairy formulas, the first phase of emptying being faster than the second [54].

Nutritional recommendation on discharge of premature newborn

Nutrition of the premature baby after discharge is still a controversial issue. The association of a slow somatic growth rate with re-
tarded head growth and subsequent neurodevelopmental disturbance has been a matter of concern. Likewise, more recently, and based
on Barker’s hypothesis related to fetal scheduling, it has been established that disturbances in fetal nutrition can cause long-term health
effects, including cardiovascular disease [55]. Lucas and Singhal have shown that acceleration of growth can have adverse effects in
adulthood. Although there are no specific recommendations for nutritional requirements for preterm infants after discharge, there is
agreement that the goal of achieving body composition and the growth rate of a normal fetus of the same post-conceptional age extends
during the first year of life. Despite a greater awareness of the importance of early nutrition in the short and long-term evolution, a large
number of these babies suffer from extrauterine growth retardation [56]. At discharge, many still have a significant nutritional deficit. It
seems appropriate then to assume that the needs for growth and nutritional recovery of the post-discharge premature are greater than
for the healthy term newborn. The protein intake needs for these babies is estimated to be between 2.5 and 3.5 g/kg/day, higher than that
of the term newborn [57]. Other nutrients for which the requirements in this population are known are calcium, phosphorus and vitamin
A. The accumulation of calcium and phosphorus occurs mainly during the third trimester of pregnancy. In preterm infants this accretion
does not take place, and a significant deficit accumulated during the period when trying to establish enteral feeding is added. This, added
to the rapid body growth of these children in the first year of life, makes the calcium and phosphorus requirements higher than in the
term newborn. Studies evaluating the use of formulas enriched with minerals or fortified breast milk after discharge show better bone

mineralization [58].

Based on these studies, the recommended intake of calcium ranges from 150 to 175 mg/kg and that of phosphorus from 90 to 105 mg/
Kg. Few studies have addressed the needs of Vitamin A or retinol in this rapidly growing population of newborns. In a study in which these
premature infants received approximately 1000 IU of vitamin A/100 ml, a very low percentage had plasma retinol levels in the range con-
sidered deficient. However, when these babies were discharged fed with the term formula, 48% had vitamin A deficiency. Based on these
studies, it is extrapolated that the daily need for vitamin A in these babies is at least 1000 IU. Even less is known the needs after discharge
in relation to other micronutrients, such as vitamins D and E. However, it is important to note here that none of the post-discharge formu-
las available meet vitamin D needs (400 IU/day) even if the child receives 200 ml/kg/d [59]. Different methods can be used to facilitate
the growth of recovery after hospital discharge (Table 2), the most common is the use of enriched or transition formulas, in which the
caloric, protein, vitamin and mineral intake is greater than in the formulas standard. Another alternative is to provide concentrated for-
mulas, that is, with higher caloric density. This distinction is important because the baby who is allowed to feed to satiety will modify the
volume ingested to compensate for the energy difference, but not for the quality of nutrients. The reality of these babies at discharge is
the mother’s inability to achieve an adequate volume of breast milk production, due to the prolonged length of hospital stay and the lack

of stimulation of sucking by the baby, so the need requiring substitute happens in most of these patients [60].

Recomendation Koletzko Espghan (2010)
Protein, GR 3.5-45 4-45
Lipid, GR 48-6.6 4.8-6.6
Linoleic MG 385 -1.540 385-1.540
Alpha, Linolenic >55 >55
ARA 35-45 18-42
DHA 55-60 12-30
Carbohidrathos, GR 11.6-13.2 11.6-13.3
Vitamin A MCG 400-1100 400-1100
Vitamin D, MCG 400 - 1000 800-1000
Vitamin E 2.2-11 22-11
Vitamin K, mcg 4.8-28 4.4 -28
Tiamina MACG 140 - 300 140 - 300
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Riboflavin MCG 200 - 400 200 - 400
Vitamin B6 MCG 50-300 45 -300
Vitamin B12 MCG 0.1-0.8 0.1-0.77
Niacin MG 15-5 0.38-5
NCG Folic Acid 35-100 35-100
Pantothenic acid MG 05-2.1 0.33-2.1
Biotin MCG 1.7-16.5 1.7-16.5
Vitamin C MG 20-55 11-46
Cotina MG 8-55 8-55
Inositol MG 4.4-53 4.4-53
MG calcium 120-200 120 - 140
Phosphorus MG 60 - 140 60-90
Magnesium MG 8-15 8-15
MG Iron 2-3 2-3
Zinc MG 1.4-25 1.1-2
Manganesio MCG 1-15 <27
Copper MCG 100 - 230 100-130
Yodo MCG 10-55 11-55
Selenium MCG 5-10 5-10
Sodium MG 69 -115 69 -115
Potassium MG 78-195 66 -132
MG Chlorine 105-177 105-177
Table 2

Conclusion

In conclusion, the basis of adequate enteral nutrition in critically ill patients is to carry out an adequate comprehensive diagnosis, and
to assess the comorbidities that lead to prematurity alone. In addition to being aware that management in intensive care units is always
dynamic, depending on the patient’s state of health.

As well as prioritizing that breast milk is and will be the first feeding option in any patient at any gestational age and weight of the
patient. Help us in parenteral nutrition to complement the adequate caloric intake, caloric-protein ratio, which in every premature child
is vital for proper growth and development, and at this critical stage of life, nutrition is essential to ensure well-being in the neonatal
intensive care. Of course always taking into account the importance of parenteral nutrition since neither exclusive human milk nor stan-
dard formulas provide enough calcium and phosphorus to support the anticipated needs for postnatal accretion of very low birth weight

premature infants.

Aiming to maintain our nutritional goals: Achieve intrauterine-like growth, prevent postnatal malnutrition, maintain an adequate

body and bone mass, promote proper neurological development and avoid associated sequelae.

Citation: Alejandra Itzel Contreras Rivas., et al. “Enteral Nutrition: Challenges of Prematurity in Neonatal Intensive Care Units”. EC
Paediatrics 9.12 (2020): 85-97.



Enteral Nutrition: Challenges of Prematurity in Neonatal Intensive Care Units

95

Bibliography

1. Pfister Kand ramel S. “Linear growth and neurodevelopmental outcomes”. Clinics in Perinatology 41 (2014): 309-321.

2. National nutrition and health survey. Results document. Buenos aires: ministry of health of the nation, (2007).

3. Lawrence RM. “Infections and breastfeeding”. Pronap. Module 1. Chapter 1 (2011).

4. Sullivan S, et al. “An exclusively human milk-based diet is associated with a lower rate of necrotizing enterocolitis than a diet of hu-
man milk and bovine milk-based products”. The Journal of Pediatrics 156 (2010): 562-567.

5. Tudehope DI. “Human milk and the nutritional needs of preterm infants”. The Journal of Pediatrics 162.3 (2013): s17-s25.

6. Clinical practice guide, enteral feeding in preterm child less than or equal to 32 weeks of gestation”. Mexico.

7. Meier PP, et al. “Supporting breastfeeding in the neonatal intensive care unit”. Pediatric Clinics of North America 60 (2013): 209-326.

8. Olivia Ballard,, et al. “Human Milk Composition: Nutrients and Bioactive Factors”. Pediatric Clinics of North America 60.1 (2013): 49-
74.

9. Colaizy T. “Donor human milk for preterm infants what it is, what it can do, and what still needs to be learned”. Clinics in Perinatology
41 (2014): 437-450.

10. Adamkin D and Radmacher P. “Fortification of human milk in very low birth weight infants (vlbw < 1500 g birth weight)”. Clinics in
Perinatology 41 (2014): 405-421.

11. G Torres and | Argés. “Human milk and nutrition in the small premature”. Nutricion Hospitalaria 4 (2004): 236-242.

12. Jatinder Bhatia. “Human milk and the premature newborn”. Annals of Nutrition and Metabolism 62.3 (2013): 8-14.

13. Ziegler EE. “Meeting the nutritional needs of the low-birthweight infant”. Annals of Nutrition and Metabolism 58.1 (2011): 8-18.

14. Beken S, et al. “The influence of fish-oil lipid emulsions on retinopathy of prematurity in very low birth weight infants: a randomized
controlled trial”. Early Human Development 90 (2014): 27-31.

15. Arslanoglu S, et al. “Adjustable fortification of human milk fed to preterm infants: does it make a difference?” Journal of Perinatology
26 (2006): 614-621.

16. Rochow N,, et al. “Challenges in breast milk fortification for preterm infants”. Current Opinion in Clinical Nutrition and Metabolic Care
18 (2015): 276-284.

17. Leaf A, et al. “Early or delayed enteral feeding for preterm growth restricted infants: a randomized trial”. Pediatrics 129 (2012):
e1260-e1320.

18. Kempley S., et al. “Feeding infants below 29 weeks’ gestation with abnormal antenatal doppler: analysis from a randomised trial”.
Archives of Disease in Childhood: Fetal and Neonatal 99 (2014): f6-11.

19. Cormack BE and bloomfield FH. “Audit of feeding practices in babies < 1200 g or 30 weeks gestation during the first month of life”.
Journal of Paediatrics and Child Health 42 (2006): 458-463.

20. LiY, etal. “Gastric residual evaluation in preterm neonates: a useful monitoring technique or a hindrance?” Pediatrics and Neonatol-

0gy 55 (2014): 335340.

Citation: Alejandra Itzel Contreras Rivas., et al. “Enteral Nutrition: Challenges of Prematurity in Neonatal Intensive Care Units”. EC
Paediatrics 9.12 (2020): 85-97.


https://pubmed.ncbi.nlm.nih.gov/24873834/
https://pubmed.ncbi.nlm.nih.gov/20036378/
https://pubmed.ncbi.nlm.nih.gov/20036378/
https://pubmed.ncbi.nlm.nih.gov/23445843/
https://pubmed.ncbi.nlm.nih.gov/23178066/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3586783/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3586783/
https://www.researchgate.net/publication/261599239_Donor_Human_Milk_for_Preterm_Infants_What_It_Is_What_It_Can_Do_and_What_Still_Needs_to_Be_Learned
https://www.researchgate.net/publication/261599239_Donor_Human_Milk_for_Preterm_Infants_What_It_Is_What_It_Can_Do_and_What_Still_Needs_to_Be_Learned
https://pubmed.ncbi.nlm.nih.gov/24873840/
https://pubmed.ncbi.nlm.nih.gov/24873840/
https://pubmed.ncbi.nlm.nih.gov/21701163/
https://www.sciencedirect.com/science/article/abs/pii/S0378378213003046
https://www.sciencedirect.com/science/article/abs/pii/S0378378213003046
https://pubmed.ncbi.nlm.nih.gov/16885989/
https://pubmed.ncbi.nlm.nih.gov/16885989/
https://journals.lww.com/co-clinicalnutrition/Citation/2015/05000/Challenges_in_breast_milk_fortification_for.12.aspx
https://journals.lww.com/co-clinicalnutrition/Citation/2015/05000/Challenges_in_breast_milk_fortification_for.12.aspx
https://pubmed.ncbi.nlm.nih.gov/22492770/
https://pubmed.ncbi.nlm.nih.gov/22492770/
https://pubmed.ncbi.nlm.nih.gov/23973795/
https://pubmed.ncbi.nlm.nih.gov/23973795/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1440-1754.2006.00897.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1440-1754.2006.00897.x
https://pubmed.ncbi.nlm.nih.gov/25129325/
https://pubmed.ncbi.nlm.nih.gov/25129325/

Enteral Nutrition: Challenges of Prematurity in Neonatal Intensive Care Units

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

96

Torraza Parker LA, et al. “The value of routine evaluation of gastric residuals in very low birth weight infants”. Journal of Perinatology
35(2015): 57-60.

Maas C,, et al. “Avoiding postnatal undernutrition of vlbw infants during neonatal intensive care: evidence and personal view in the
absence of evidence”. Archives of Disease in Childhood: Fetal and Neonatal 100 (2015): f{76-81.

Miller M,, et al. “From parenteral to enteral nutrition: a nutrition-based approach for evaluating postnatal growth failure in preterm
infants”. The Journal of Parenteral and Enteral Nutrition 38 (2014): 489.

Viswanathan S., et al. “A standarized slow enteral feeding protocol and the incidence of necrotizing enterocolitis in extremely low
birth weight infants”. The Journal of Parenteral and Enteral Nutrition 39 (2014): pii: 0148607114552848.

Salas A, et al. “A randomized trial of re-feeding gastric residuals in preterm infants”. Archives of Disease in Childhood: Fetal and Neo-
natal 100 (2015): f224-228.

Parker LA, et al. “Scientifically based strategies for enteral feeding in premature infants”. Neoreview 14 (2013): e350-e359.
Fanaro S. “Feeding intolerance en the preterm infant”. Early Human Development 89 (2013): s13-20.

Premji S and chessell L. “Continuous nasogastric milk feeding versus intermittent bolus milk feeding for premature infants less than
1500 grams”. Cochrane Database of Systematic Reviews 11 (2011): cd001819.

Fenton TR, et al. “Validating the weight gain of preterm infants between the reference growth curve of the fetus and the term infant”.
BMC Pediatrics 13 (2013): 92.

Ellis K]., et al. “Body-composition assessment in infancy: air-displacement plethysmography compared with a reference 4-compart-
ment model”. The American Journal of Clinical Nutrition 85 (2007): 90-95.

Olsen L, et al. “BMI curves for preterm infants”. Pediatrics 135 (2015): e572-e583.

José Manuel Moreno Villares and Carolina Gutiérrez Junquera. “Parenteral nutrition. Diagnostic-therapeutic protocols of pediatric
gastroenterology, hepatology and nutrition seghnp-aep”.

Puntis JWL. “Parenteral nutrition in infants”. En: preedy v, grimble g, watson r (eds.). Nutrition in the infant. Problems and practical
procedures. London: greenwich medical media (2001): 79-91.

Fenton t clinical actual age percentile and z score calculator (2015).

Clark RH,, et al. “Assessment of neonatal growth in prematurely born infants”. Clinics in Perinatology 41 (2014): 295-307.
Milk compared with intermittent boluses”. Acta paediatr scand 71 (1982): 379-383.

Tyson JE and kennedy KA.” Trophic feedings for parenterally fed infants”. Cochrane Neonatal Issue (2005).

Patole S. “Strategies for prevention of feed intolerance in preterm neonates: a systematic review”. Journal of Maternal-Fetal and Neo-
natal Medicine 18.1 (2005): 67-76.

Aynsley-green A, et al. “Feeding and the development of enteroinsular hormone secretion in the preterm infant: effects of continuous
gastric infusions of human 71.3 (1982): 379-383.

Martin CR,, et al. “Nutritional practices and growth velocity in the first month of life”. Pediatrics 124 (2009): 649-657.

Funkquist EL., et al. “Preterm appropriate for gestational age infants: size at birth explains subsequent growth”. Acta Paediatrica 99
(2010): 1828-1833.

Citation: Alejandra Itzel Contreras Rivas., et al. “Enteral Nutrition: Challenges of Prematurity in Neonatal Intensive Care Units”. EC
Paediatrics 9.12 (2020): 85-97.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5446673/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5446673/
https://pubmed.ncbi.nlm.nih.gov/25280993/
https://pubmed.ncbi.nlm.nih.gov/25280993/
https://pubmed.ncbi.nlm.nih.gov/23674574/
https://pubmed.ncbi.nlm.nih.gov/23674574/
https://www.researchgate.net/publication/266946150_A_Standardized_Slow_Enteral_Feeding_Protocol_and_the_Incidence_of_Necrotizing_Enterocolitis_in_Extremely_Low_Birth_Weight_Infants
https://www.researchgate.net/publication/266946150_A_Standardized_Slow_Enteral_Feeding_Protocol_and_the_Incidence_of_Necrotizing_Enterocolitis_in_Extremely_Low_Birth_Weight_Infants
https://pubmed.ncbi.nlm.nih.gov/25552280/
https://pubmed.ncbi.nlm.nih.gov/25552280/
https://neoreviews.aappublications.org/content/14/7/e350
https://pubmed.ncbi.nlm.nih.gov/23962482/
https://pubmed.ncbi.nlm.nih.gov/22071802/
https://pubmed.ncbi.nlm.nih.gov/22071802/
https://pubmed.ncbi.nlm.nih.gov/23758808/
https://pubmed.ncbi.nlm.nih.gov/23758808/
https://pubmed.ncbi.nlm.nih.gov/17209182/
https://pubmed.ncbi.nlm.nih.gov/17209182/
https://pubmed.ncbi.nlm.nih.gov/25687149/
https://pubmed.ncbi.nlm.nih.gov/24873833/
https://www.researchgate.net/publication/7710095_Trophic_feeding_for_parenterally_fed_infants
https://pubmed.ncbi.nlm.nih.gov/16105795/
https://pubmed.ncbi.nlm.nih.gov/16105795/
https://pubmed.ncbi.nlm.nih.gov/6814175/
https://pubmed.ncbi.nlm.nih.gov/6814175/
https://pubmed.ncbi.nlm.nih.gov/19651583/
https://pubmed.ncbi.nlm.nih.gov/20678163/
https://pubmed.ncbi.nlm.nih.gov/20678163/

Enteral Nutrition: Challenges of Prematurity in Neonatal Intensive Care Units

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

97

Dinerstein NA, et al. “Early and aggressive nutritional strategy in the very low birth weight premature infants: preventing extrauter-
ine growth restriction”. Handbook of growth and growth monitoring in health and disease (2011).

Tudehope D., et al. “Nutritional needs of the micropreterm infant”. The Journal of Pediatrics 162.3 (2013): s72-s80.

Aynsley-green A. “New insights into the nutritional management of newborn infants derived from studies of metabolic and endocrine
interrelations during the adaptation of postnatal life”. The Proceed of the Nutrition Society 48 (1989): 283-292.

Krishnan V and Satish M. “Continuous (c) vs. Intermittent (i) nasogastric (n/g) feeding in very low birth weight (vlbw) infants”. Pedi-
atric Research 15 (1981): 537.

Premji s y chessell 1 cochrane database syst rev”. Reprint 2 (2007): cd001819.
Stocks J. “Effect of nasogastric tubes on nasal resistance during infancy”. Archives of Disease in Childhood 55 (1980): 17-21.

Greenspan JS., et al. “Neonatal gastric intubation: differential respiratory effects between nasogastric and orogastric tubes”. Pediatric
Pulmonology 8 (1990): 254-258.

Ellett ML, et al. “Prevalence of feeding tube placement errors and associated risk factors in children. Mcn”. The American Journal of
Maternal/Child Nursing 23 (1998): 234-239.

Symington A, et al. “Jobstet gynecol neonat nurs 24.4 (1995): 321-326.

Frank W. “Castro l6pez,gretel gonzalez hernandez, nursing care in parenteral and enteral nutrition of the newborn, national medical
science information center”. Revista Cubana de Enfermeria 22.4 (2006).

Chan GM. “Growth and bone mineral status of discharged very low birth weight infants fed different férmulas or human milk”. The
Journal of Pediatrics 123 (1993): 439-443.

Premji SS and chessell I. “Continuous nasogastric milk feeding versus intermittent bolus milk feeding for premature infants less than
1,500 grams”. The Cochrane Database of Systematic Reviews 11 (2011): cd001819.

Watson ] and mcguire W. “Nasal versus oral route for placing feeding tubes in preterm or low birth weight infants”. The Cochrane
Database of Systematic Reviews k2 (2013): cd003952.

Lapillonne A. “Feeding the preterm infant after discharge”. En b koletzko, b poindexter, r uauy (editors): nutritional care of preterm
infants. Scientific basis and practical guidelines”. Basel: karger (2014): 264-277.

Jadcherla SR, et al. “Impact of prematurity and co-morbidities on feeding milestones in neonates: a retrospective study”. Journal of
Perinatology 30 (2010): 201-208.

Leaf A lansdowne. “Vitamins - conventional uses and new insights. En: en b koletzko, b poindexter, r uauy (editores): nutritional care
of preterm infants”. Scientific basis and practical guidelines.

Who / paho. “Guiding principles for complementary feeding of the breastfed child”. Washington: 2003. Pan american health organiza-
tion (2003).

Domellof M. “Nutritional care of premature infants: microminerals”. En b koletzko, b poindexter, r uauy (editores): nutritional care of
preterm infants. Scientific basis and practical guidelines”. Basel: karger, (2014): 121-139.

Benitez A. “Some questions about post-high feeding in premature infants”. Revista del Hospital Materno Infantil Ramén Sardd 29.2
(2010): 58-60.

Volume 9 Issue 12 December 2020
All rights reserved by Alejandra Itzel Contreras Rivas., et al.

Citation: Alejandra Itzel Contreras Rivas., et al. “Enteral Nutrition: Challenges of Prematurity in Neonatal Intensive Care Units”. EC
Paediatrics 9.12 (2020): 85-97.


https://link.springer.com/chapter/10.1007/978-1-4419-1795-9_28
https://link.springer.com/chapter/10.1007/978-1-4419-1795-9_28
https://pubmed.ncbi.nlm.nih.gov/23445852/
https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/new-insights-into-the-nutritional-management-of-newborn-infants-derived-from-studies-of-metabolic-and-endocrine-interrelations-during-the-adaptation-to-postnatal-life/5981D231E3821F83F82337AB6889A4FF
https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/new-insights-into-the-nutritional-management-of-newborn-infants-derived-from-studies-of-metabolic-and-endocrine-interrelations-during-the-adaptation-to-postnatal-life/5981D231E3821F83F82337AB6889A4FF
https://www.nature.com/articles/pr1981908
https://www.nature.com/articles/pr1981908
https://pubmed.ncbi.nlm.nih.gov/6769396/
https://pubmed.ncbi.nlm.nih.gov/2371073/
https://pubmed.ncbi.nlm.nih.gov/2371073/
https://pubmed.ncbi.nlm.nih.gov/9747085/
https://pubmed.ncbi.nlm.nih.gov/9747085/
http://scielo.sld.cu/scielo.php?script=sci_abstract&pid=S0864-03192006000400003&lng=en&nrm=iso
http://scielo.sld.cu/scielo.php?script=sci_abstract&pid=S0864-03192006000400003&lng=en&nrm=iso
https://pubmed.ncbi.nlm.nih.gov/8355124/
https://pubmed.ncbi.nlm.nih.gov/8355124/
https://pubmed.ncbi.nlm.nih.gov/12535414/
https://pubmed.ncbi.nlm.nih.gov/12535414/
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003952.pub3/references
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003952.pub3/references
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2829105/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2829105/
https://www.who.int/nutrition/publications/guiding_principles_compfeeding_breastfed.pdf
https://www.who.int/nutrition/publications/guiding_principles_compfeeding_breastfed.pdf

