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Abstract
Nutrition of preterm infants should result in growth similar to that of normally growing fetuses of
the same gestational age. Unfortunately, most preterm infants are not fed enough to achieve this
objective; as a result they are growth restricted by term gestation. Recent studies have
demonstrated that early and enhanced “aggressive” nutrition of preterm infants can reduce
postnatal growth failure and improve longer-term outcomes, particularly for the brain and its
cognitive functions. When preterm infants are fed more aggressively (earlier onset of intravenous
and enteral feeding, earlier achievement of full enteral feeding) cumulative energy and protein
deficits are reduced and they consistently regain birth weight sooner, the incidence of necrotizing
enterocolitis and late-onset sepsis is unchanged or reduced, and they achieve discharge criteria and
go home sooner, with overall shorter hospital stays, and have improved anthropometrics by term
gestation. More research is needed, however, to determine optimum feeding of preterm infants,
particularly during periods of illness and physiological instability.
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Introduction: Background to the Problem of Undernutrition of Preterm
Infants

Optimal growth of preterm infants has yet to be determined, and, thus, can not have been
achieved, but the general objective remains consistent—to achieve postnatal growth and
body composition equivalent to those of normally growing, healthy human fetuses of the
same gestational age [1]. Numerous studies continue to show, however, that this objective is
not being achieved for preterm infants [2]. Most preterm infants fail to grow after birth for
days, often weeks (infants <1,000 g birth weight take a mean of 14–17 days to regain birth
weight), and once they start to grow they do not keep up with normal rates of intrauterine
growth [3]. This problem is worse for smaller, more preterm infants, and even more so for
infants who have serious illnesses with marked physiological instability [4••]. As a result,
most preterm infants do not achieve normal size, anthropometric indices, or body
composition by term gestation. This problem is compounded for infants with intrauterine
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growth restriction (IUGR) from inadequate fetal nutrition who are born small for gestational
age and are even more susceptible to post-natal nutritional deficits.

There are, however, many reasons for postnatal growth failure among preterm infants that
are not directly related to nutritional support. Many of these infants are critically ill with
significant pathological stresses that reduce anabolic capacity and growth—surgery,
infections, necrotizing enterocolitis (NEC), hypoxic–ischemic conditions with or without
actual injuries, acute and chronic lung disease, etc. [5, 6]. An underlying feature of most is
inflammation, which frequently is systemic, and almost invariably produces cytokines that
interfere with normal anabolic processes. Anemia of prematurity, primarily caused by
phlebotomy for hematological and biochemical tests required to diagnose and follow
adverse conditions, leads to lower than normal blood oxygen content, which limits
anabolism [7]. Respiratory support with ventilators and high oxygen concentrations also
cause pulmonary and systemic inflammation [8•]. Many drugs have adverse effects on
nutrient metabolism and growth. Catecholamines inhibit insulin production and insulin
action. Corticosteroids promote catabolism. Diuretics waste calcium, phosphorus, and
sodium, which are necessary for bone and muscle growth. Antibiotics produce an abnormal
gut microbiome, which leads to poor nutrient digestion and absorption, and has been
associated with development of NEC [9].

Because of the presence of such adverse conditions, preterm infants are not fed nutrients in
the gestation-appropriate amounts that are needed to achieve normal fetal growth rates.
Variable feeding practices contribute to this undernutrition, even though several studies have
shown that feeding protocols can improve growth of head circumference, weight, and length
even when amounts of nutrients remain less than those recommended for normal fetal
growth rates [10••, 11–14]. More commonly, shortfall of both energy and protein nutrition
leads to almost insurmountable deficits of energy and protein balance; this occurs despite
efforts to promote a more aggressive approach to nutrition in which more energy and protein
are provided [15]. The same problem occurs among late pre-term infants [16].

The reasons for failure to provide adequate nutrition for preterm infants are many. Most
neonatal centers delay the start of adequate nutrition. For example, IV amino acids are often
not started immediately after birth or are given in very low amounts, sometimes for several
days. Enteral feeding is usually delayed, sometimes for days, partly on the basis of concerns
that the gut of very preterm infants is too immature immediately after birth to digest and
absorb the complex nutrients in milk and formulas and that peristalsis is inadequate to move
food through the intestinal tract. Once started, nutrient supplies are often provided at less
than the intrauterine rate (e.g., IV amino acid infusion rates <3 g/kg/day) and are then
increased slowly, taking several days to reach the appropriate amount for the infant’s
gestational age. Dilute nutritional mixes, e.g., unfortified human milk (mother’s own or
banked), are also often used. But these are the common reasons. A survey in the author’s
own institution provides a more complete—and illuminating—set of reasons or “excuses”
for not feeding preterm infants (Table 1). Apparently, if there is anything even slightly
unusual about an infant or an infant’s condition(s), withholding feeding, either intravenous
and/or enteral, is a reflex response. This approach clearly reduces the nutritional intake of
infants below that required for growth.

Why is Growth Restriction as a Result of Insufficient Nutrition a Problem?
One of the most consistent observations from the field of “developmental origins of health
and disease” [17] is that nutritional deprivation early in life may have serious long-term
consequences. The main mechanism of this effect has been called “Programming”, defined
as “a stimulus or insult, when applied at a critical or sensitive stage in development and of
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sufficient magnitude and duration, results in a lasting, even lifelong effect on the structure or
function [or both] of the organism” [18]. Several specific mechanisms have been described.
For example, epigenetic alteration of gene function by environmental stimuli, acting via
such molecular processes as methylation and deacetylation of DNA and modification of
histone conformation, lead to permanent changes in gene transcription that alter protein
production and the structure and function of cells, tissues, and organs in the organism. Such
changes may be life-long and heritable. Another mechanism involves proliferation or
adaptive clonal selection of specific cell types that lead to permanently affected quantities or
proportions of cell populations in a tissue. For example, protein deprivation in the fetus and
preterm neonate restricts renal glomerular growth and development of the intrarenal renin–
angiotensin system, which in later life is associated with smaller than normal kidneys and
hypertension [19]. In addition, nutrients and related hormones can function as critical signals
acting directly or through coupling mechanisms on receptors in sensitive tissues producing
immediate effects on structural development, e.g., dendritic arborization or glial cell growth
in the brain, that permanently affect structure and function over the life course of an affected
organism. For example, studies of adolescents who were born very preterm reveal reduced
brain volumes by MRI exam and limited cognitive capacity that are directly related to their
nutritional intake in the NICU [20]. Clearly, there are many reasons to provide adequate
(appropriate quality and quantity) nutrition to preterm infants that meet requirements unique
to specific developmental conditions.

What is Aggressive Nutrition?
Numerous reviews have described aggressive nutrition of the preterm infant, including the
rationale, advantages, and risks of this approach for preterm infants [21–23]. The term
“Aggressive Nutrition” was initially proposed to draw attention to the accumulating
evidence that preterm infants were not being fed adequate amounts of nutrients for growth at
rates approximating those of the normal human fetus of the same gestational age. The term
“aggressive” probably was a misnomer, however, because it was intended to promote the
idea that the transition from fetal to extrauterine life should proceed with minimum, if any,
interruption of growth and development [22, 24, 25].

Such an approach is based on several guiding principles:

1. metabolic and nutritional requirements do not stop at birth;

2. metabolic and nutrient requirements of the newborn are equal to or even greater
than those of the fetus of the same gestational age;

3. endogenous nutrient stores in very preterm infants are markedly limited;

4. hours, not days, are the longest periods preterm infants should not receive nutrition,
parenterally (intravenously) or enterally; and

5. intravenous feeding is always indicated when normal metabolic needs are not met
by enteral feeding and/or endogenous stores.

Aggressive Parenteral Nutrition of Preterm Infants
Recent studies have attempted to provide more nutrients for preterm infants, particularly
those born most preterm (less than 28 weeks of gestation) and of extremely low birth weight
(<1,000 g) [22, 26–28, 29•]. Such an approach actually can reduce caloric and protein
deficits, though not completely eliminate them, at least by use of current practices. This also
seems to be true of late preterm infants [16].
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Protein and Amino Acids
The most consistent outcomes of studies performed to increase protein and amino acid
nutrition of preterm infants is that there is a direct, positive increase in nitrogen and protein
balance as intake increases from zero to 4 g/kg/day [30]. This seems to be true immediately
after birth [27, 28] and for infants who are physiologically unstable as a result of significant
medical and surgical treatment [31]. Principal effects of earlier/higher rates of IV amino acid
administration include increased weight gain, increased weight at discharge, and reduced
growth restriction at term gestation [32–36]. A recent meta-analysis and other specific
studies of early parenteral nutrition revealed that early parenteral nutrition of preterm infants
provides a positive benefit for short term growth outcome and does not increase morbidity
or mortality [37•, 38, 39]. Table 2 provides reasonable estimates of the protein requirements
of preterm infants of different gestational ages, which, if started and/or achieved early after
birth, actually reduce growth delays and promote more normal increases of standard
anthropometric indices [22].

Longer-Term Growth Related to Earlier and Larger Amounts of Protein Intake
Most studies to date, however, have not shown improved longer-term growth rates when
greater protein and energy nutrition is provided in the first few days of life [40•]. There are
many possible reasons for this. Earlier under-nutrition could reduce production of IGF-1, a
major growth promoting hormone. Low postnatal IGF-1 concentrations in preterm infants
after birth are associated with slower rates of head circumference growth [41, 42••].
Supplies of essential amino acids also are important, not just total amino acid or protein
intake. For example, a recent study of preterm infants fed IV Trophamine (B. Braun;
Bethlehem, PA, USA) in the first 48 h after birth found that the IV fed infants had lower
concentrations of threonine and lysine than found in the plasma of normally growing human
fetuses [28]. Because these amino acids are essential, their rate of supply and their directly
related plasma concentrations are rate limiting for protein synthesis, protein balance, and
growth. A similar study in which early increases in protein and amino acid supply did not
lead to later increased growth in weight, length, or head circumference [43] showed that the
combined concentrations of leucine and isoleucine, both essential amino acids, were less
than normal human fetal plasma concentrations, as was also observed for other essential
amino acids. Both studies indicate that normal fetal growth rates cannot be achieved by use
of inadequate supplies and concentrations of at least these essential amino acids. In contrast,
the NICHD Neonatal Research Network reported an increase by 36 weeks gestation of
weight, length, and head circumference after the same pattern of greater early versus lower
late amino acid and protein supply [44]. At 18 months, there still was a positive benefit
regarding head circumference in the earlier/greater amino acid supply group. Uniquely, the
NICHD Network study maintained a higher total protein and amino acid supply for a longer
period, perhaps indicating that both early and sustained higher rates and plasma
concentrations of protein and amino acids are necessary to produce greater gains in growth,
at least of the brain.

Other recent studies have demonstrated similar mixed results. In a study from Italy, one
group of preterm infants was prescribed 4 g/kg/day protein (although this objective was not
quite met—protein intake averaged 2.8 g/kg/day) for 10 days after birth compared with a
control group that received only approximately 2.3 g/kg/day. Although there was benefit of
higher protein intake in reducing both the incidence of hyperglycemia and the daily plasma
glucose concentration, there were no differences in anthropometric indices at 36 weeks
corrected gestational age or at 2 years of age [40•]. In contrast, another study from Italy with
the objective of 4 versus 3 g/kg/day protein intake demonstrated more rapid growth of body
weight and lower leg length after 36 weeks corrected gestational age [45••].
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Potential Complications of High Amino Acid and/or Protein Intake
In contrast with the almost universal improvement in protein balance and lack of signs of
toxicity, a recent study showed some unusually high amino acid and urea concentrations
among preterm infants receiving Aminosyn PF with the objective of 3–4 g/kg/day in the first
week of life (2 g/kg/day in the first 24 h) [46•]. This study also showed no overall growth
benefit at two years of age, although growth rate during hospitalization was no different
from that of infants on lower amino acid infusion rates (0.5 g/kg in the second day of life,
then increased step-wise), indicating that growth was probably affected more by other
circumstances after discharge. There also was some indication that neurodevelopmental
outcomes were less at two years, although the study was not powered to test for the effect of
amino acid dose on growth or neurodevelopmental outcomes. This study also raises the
possibility that excessively high blood urea and total and selected amino acid concentrations
can reflect a suboptimal balance of amino acids for unstable or “sick” preterm infants [43,
47, 48].

The optimum (safest and most efficacious) mix of amino acids (both essential and non-
essential) for very preterm infants has yet to be determined. There are likely to be different
requirements at different stages of development, and unique metabolic conditions based on
degrees and types of illnesses, pathophysiology, and medical and surgical treatment.
Subnormal plasma concentrations of selected essential amino acids can occur [28]. In
addition to the low threonine, lysine, and leucine concentrations noted above, low plasma
concentrations of arginine in preterm infants receiving total parenteral feeding (TPN) have
been reported and have been associated with hyperammonemia, NEC, hyperglycemia, and
worse respiratory morbidity [49–51]. Most TPN solutions also are deficient in glutamine;
although not a classical essential amino acid, glutamine is still important for reducing
inflammation and promoting growth and neurological development. Several randomized
controlled trials (RCTs), however, have shown no benefit of additional glutamine [52].
There also has been little testing of whether higher doses of one or another amino acid might
interfere with co-transport of other amino acids using the same transporter. This might
explain how an increase in one amino acid might make another deficient, or how plasma
concentrations of a specific amino acid might reach higher than normal levels. Clearly,
optimization of amino acid mixtures for preterm infants at different stages of development
and with different metabolic conditions should be a high-priority topic for future research.

There also has been little study of the amino acid requirements of growth-restricted infants.
It seems that the more chronic the growth restriction, the more restricted the anabolic
pathways become. Furthermore, although increased amino acid supply can reduce protein
breakdown as a means of promoting net protein gain in the presence of chronic growth
restriction, the optimum mix of amino acids to do this is not known. Whether such
treatments would benefit cell growth or cell hypertrophy, or both, also is not known,
particularly because cell growth by replication (proliferation) and hypertrophy occur at
different developmental stages (proliferation earlier in gestation, hypertrophy later during
the third trimester) [53•]. Cell replication in many organs may, in fact, not develop easily, if
at all, after birth, for reasons yet to be determined. Clearly, future research is necessary to
develop optimum amino acid nutrition for preterm infants who already are or have become
growth restricted, one of the most common problems of undernutrition in the NICU.

Most studies have found that positive protein balance in more aggressively fed preterm
infants is safe and effective and not associated with hyperammonemia, uremia, or metabolic
acidosis [54, 55]. Hyperkalemia often is reduced, and insulin secretion, known to be
stimulated by such amino acids as leucine and arginine, is increased, producing higher
plasma insulin concentrations, which are associated with a lower incidence of
hyperglycemia and lower time-averaged glucose concentrations [12, 40•, 56–58].
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Furthermore, acidosis is much more likely to be the result of abnormal renal function and
fluid balance. In a study of preterm infants receiving lower or higher doses of parenteral
amino acids (1.5 or 3 g/kg/day) for short (5 h), extended (24 h), or prolonged (3–5 days)
duration, acidosis was evident in all infants between two and five days after birth.
Significantly lower early pH, higher blood urea nitrogen (26 ± 9 vs. 18 ± 8 mg/dl), and
greater weight loss (approximately 17 % of birth weight) was observed for infants with a
large patent ductus arteriosus (PDA) compared with infants without a PDA. Gestational age,
weight loss, and PDA accounted for 65 % of the variance in acidosis [59]. This study clearly
demonstrated that although low-birth-weight infants often develop metabolic acidosis in the
first few days after birth, this occurs irrespective of dose and duration of parenteral amino
acid administration. Furthermore, increased blood urea nitrogen levels should also be
considered a sign that amino acids are effectively being oxidized, which releases ammonia,
and that the liver is intact and healthy, enabling detoxification of the ammonia to urea via
the hepatic urea enzyme cycle [54]. Careful management of parenteral fluids and co-
morbidities may reduce the incidence of uremia and metabolic acidosis and promote protein
accretion.

Taken together, the results from these recent studies suggest caution in the use of high rates
of amino acid infusion, particularly with solutions that are not optimized for very preterm
infants, particularly those who are sick and physiologically unstable, and especially early
after birth. Improvement of the metabolic and physiological condition of such infants is
likely to be necessary before amino acid infusion at high rates would be safe and effective in
promoting protein balance. This is a topic that desperately needs more research and more
evidence for developing rational, safe, and effective nutritional practices. Studies of preterm
infants that have revealed that the complications which arise as a result of more aggressive
amino acid infusion should not lead to a return to former practices of severe and prolonged
nutrient restriction, which were based on fear of complications and were not evidence-based
[60].

Energy
A series of controlled enteral feeding studies among pre-term infants have examined the
effects of systematic variations in the absolute amounts and relative proportions of both
protein and energy intake on the rate of metabolism and on composition of weight gain [61].
These studies demonstrated that metabolic indices, energy balance, and composition of
weight gain were better when feeding 115 kcal/kg/day and 3.6 g/kg/day protein than when
feeding the same energy intake but lower protein, and not better then when feeding the same
or higher energy intake with higher protein intakes. Thus, a caloric intake of 115–120 kcal/
kg/day will appropriately support a protein intake of 3.5–4 g/kg/day whereas greater energy
intake promotes fat gain, but not protein gain. In fact, energy storage, principally as fat,
increases almost linearly with energy intake greater than 80–90 kcal/kg/day by normal,
healthy preterm infants [62]. When protein intake is sufficient to promote appropriate net
lean body accretion, additional energy primarily promotes more fat gain. Thus the rate of
weight gain by preterm infants depends on absolute intake of both protein and energy, but
the relative composition of the weight gained depends on the protein-to-energy ratio of the
diet. Relatively more protein is synthesized and deposited as lean tissue mass in preterm
infants with higher protein intake, and more fat is synthesized and deposited in adipose
tissue in growing preterm infants with higher energy intake. Adequate total energy intake is
important to promote protein balance, particularly at lower energy intake, because amino
acids are used for oxidative metabolism when non-protein–energy is limited [61, 63].
Irrespective of energy intake, however, increased net protein balance requires increased
protein intake.
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Excessive Infusion of Intravenous Dextrose (Glucose)
Most preterm infants are fed too aggressively with intravenous dextrose and develop
hyperglycemia [64, 65, 66•]. Rates of dextrose infusion as low as 6–8 mg/kg/min may cause
hyperglycemia, which becomes universal at rates above 10–11 mg/kg/min. This is
particularly true for infants who are unstable and stressed, with high catecholamine
concentrations (endogenous and/or infused) that inhibit insulin secretion and insulin action.
High cortisol concentrations (endogenous or exogenous) also promote glucose production
and protein catabolism in these infants. High glucagon concentrations in these infants
contribute to glycogen breakdown and gluconeogenesis.

Lipids
Although there has been a trend toward earlier and higher rates of infusion of intravenous
lipids for preterm infants, with most now starting at least low-rate infusions (0.5–1.0 g/kg/
day) on the first or second day after birth, there has been little study of the benefits or risks
of this change in practice. Early lipid infusions augment glucose production and may
contribute to hyperglycemia, because beta oxidation of fatty acids promotes
gluconeogenesis. Lipid carbon also contributes to hyperglycemia by competing with glucose
carbon for oxidation. Lipid emulsions also contain glycerol, which contributes significantly
to gluconeogenesis and net hepatic glucose production. More research is needed to
determine the balance of benefits of increased caloric production from early lipid infusions
versus some of the risks of early lipid administration, for example hyperglycemia.

More aggressive use of IV lipids seems to be safe and effective. A recent study
prospectively randomized ventilator-dependent preterm infants into an early TPN group that
received 3.5 g/kg/day amino acids and 3 g/kg/day 20 % Intralipid, starting within 1 h after
birth, and a late TPN group that was started on a solution containing only glucose during the
first 48 h of life followed by 2 g/kg/day of amino acids and 0.5 g/kg/day of Intralipid then
increased by 0.5 g/kg/day to a maximum of 3.5 and 3 g/kg/day, respectively [67]. The early
TPN group had significantly greater nitrogen retention throughout the seven-day study
period than the late TPN group and significantly greater energy intake, plasma levels of
cholesterol, tri-glycerides, and bilirubin (bicarbonate, blood urea nitrogen, creatinine, and
pH were similar in both groups during the study period). Thus, aggressive intake of IV lipids
(in this case, soybean oil) may be tolerated immediately after birth by very preterm, VLBW
infants without significantly increased metabolic risks. More confirmatory research is
needed, however.

Long Chain Polyunsaturated Fatty Acids
Selected long chain polyunsaturated fatty acids, particularly docosahexaenoic acid (DHA),
seem to be essential for developing membranes, especially those of neurons and glial cells
[68]. Long-term deficiency of DHA is associated with impaired neuronal development and
function, and some studies have shown improved neuronal function as a result of
supplements of DHA. Even more aggressive approaches to lipid nutrition (including
development of new emulsions that contain different oils, for example fish, olive, and
coconut oils that contain more DHA and its precursors) and early feeding of milk
supplemented with DHA do not keep up with normal rates of fetal DHA accumulation
[69••]. As with protein and energy deficits, deficits of DHA continue to accumulate over
days to weeks in preterm infants. The long-term consequences of such deficiencies, how
best to correct them, and whether correction makes a difference to neurodevelopmental
outcomes remain to be determined by future research.
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Enteral Nutrition in Preterm Infants
Two major trends have emerged for increasing the enteral nutrition of preterm infants [70].
The first is early “feeding” of small amounts starting on the first or second day after birth.
Called trophic or priming feeding, the objective is not systemic nutrition but to begin
developing the gut for later, more rapid increases in feeding [71–73]. Such early feeding
may promote intestinal villous development, enzymatic activation to enhance digestion and
absorption, and development of a gut microbiome that prevents infection and NEC and
reduces local and systemic inflammation [74••, 75]. Recent clinical trials indicate that
introducing progressive enteral feeding before four days after birth and advancing the
volume of food by more than 24 ml/kg/day does not increase the risk of NEC for very
preterm or VLBW infants. In contrast, delayed introduction or small increases results in
several days of delay in the time taken to regain birth weight and establish full enteral
feeding. Longer-term outcomes remain uncertain, however, and further RCTs are needed to
provide more accurate estimates of the effects of early enteral feeding on important
outcomes for very preterm infants [76].

The second major trend is the use of human milk, particularly mother’s own milk, but also
banked donor milk, for both early and long-term feeding. Although potentially benefitting
the immune system, among other physiological benefits [77], human milk still has many
limitations for the preterm infant, particularly insufficient protein, calcium, phosphorus, and
sodium, which are necessary for growth. This is particularly true for the more dilute donor
human milk provided by milk banks [78]. Cow milk-derived fortifiers can augment the
nutrient content of human milk, but may also increase the risk for NEC, presumably related
to inflammation from the cow milk protein. A recently developed fortifier, derived from
human milk, seems to reduce the risk of NEC [79••]. Overall, feeding preterm infants
exclusively human milk for enteral nutrition has more benefit than risk, especially for NEC
[80], but the appropriate fortification of donor milk from milk banks remains problematic
and requires further research and improved practices [81].

Neurodevelopmental Outcomes
A consistent observation among developmental nutrition studies by use of animal models is
that undernutrition at critical (vulnerable) periods of development can have permanent
effects on a variety of aspects of central nervous system development, including reduced
numbers of neurons, axonal length, dendritic arborization, and synapse formation, which
later in life result in limited cognition and altered behavioral development [22]. Similar
nutritional deprivation in human IUGR fetuses and preterm infants also has negative effects
on long-term neurocognitive development [14, 82–86, 87••, 88]. Such evidence
overwhelming demonstrates that the undernutrition which occurs in very preterm, VLBW
infants is responsible for poor neurodevelopmental and neurocognitive outcomes. A recent
study of preterm infants found a significant relationship between slow growth and the
likelihood of cerebral palsy, MDI and PDI scores<70, and neurodevelopmental impairment
[85]. The study also demonstrated that sicker, more immature infants received less nutrition,
at all stages of hospital stay. Thus, the extent to which abnormal outcomes relate more to
immaturity and physiological instability than to undernutrition, or whether both are
important, remains unclear, because these two factors seem inextricably intertwined.

A recent report of long-term follow up of preterm infants fed different amounts of nutrients
showed there is sound reason to pursue efforts to enhance nutrition of preterm infants.
Among a mixed cohort of preterm infants fed different amounts of energy and protein,
subsequent follow up during adolescence demonstrated brain and neuronal growth and
related cognitive outcomes that were directly and positively related to their nutritional intake
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as preterm infants during their hospital stay [20]. Another more recent study of
neurodevelopmental outcomes at 18 months of life among a cohort of preterm infants
demonstrated an increase of 8.2 MDI points for each 1 g/kg/day protein and 4.6 MDI points
for each 10 kcal/kg/day in the first week of life [89]. Other studies are now showing the
same potential benefit for improved brain growth and neurodevelopmental and cognitive
outcomes from enhanced nutrition of the very preterm infant [90, 91].

More Recent Efforts to Refine and Optimize Nutrition of Preterm Infants
Because earlier and more nutrition, both IV and enteral, have gained favor, others have
appropriately moved on to efforts intended to optimizing nutrition [92]. One approach is
individualization of parenteral nutrition [93••, 94, 95]. In one study, for example,
significantly greater weight gain during the first days and first month of life, higher
discharge weights and head circumferences, and significantly shorter duration of exclusive
TPN were observed for pre-term infants fed an individualized regimen compared with those
fed by standard approaches. Clearly, practical approaches to improving nutrition depend on
the needs of individual infants, which might further improve their nutritional outcomes [96].

Essentially all recent recommendations for feeding preterm infants have documented the
need for increased energy and protein intake started as early as possible after birth [97, 98].
Actual practice of aggressive or individually optimized nutrition of preterm infants,
however, continues to lag behind such recommendations. Further research is needed to
document risks and benefits of selective nutritional practices for preterm infants with
different medical conditions and at different biological stages of development that could be
used to optimize such aggressive nutritional approaches for these vulnerable infants [99].
Thus, in the last few years, greater attention has been given to supply of greater amounts of
IV amino acids to VLBW infants from the first day of life, to avoid catabolism, establish
anabolism, achieve in utero protein accretion, and promote linear growth. Whenever
possible, enteral feeding should commence with human milk, which is the preferred feeding
method for all infants, including those born preterm. To meet the unique nutritional
requirements of VLBW infants and preserve the benefits of breastfeeding, human milk must
be fortified to enable adequate growth and bone mineralization. When feeding of preterm
infants with human milk is impossible or maternal milk volume is limited, fortified human
donor milk is appropriate. Cow-milk-based formulas for preterm infants should be used
when fortified human milk is not available [100], though there is evidence that this increases
the risk of NEC.

Conclusions
Several principles should guide both nutritional practice and future research. Growth
outcomes of preterm infants remain suboptimal, because they are not fed enough nutrients,
including total protein, essential amino acids, total energy, and essential fatty acids. Growth
failure among preterm infants includes brain growth failure and consequent
neurodevelopmental deficits. Much research is still needed to determine optimum nutrition
for sick infants and those who experience significant postnatal growth restriction, especially
to enhance growth and development of the brain. Additional research should focus on
problems of body composition, neuronal development (neurone number, axonal length,
dendritic arborization, and synapse formation), and the effect of the amounts (both
insufficient and excessive) of selected nutrients and nutritional cofactors (glucose, individual
amino acids, individual fatty acids, and oxygen levels, particularly blood oxygen content) on
metabolism and growth.
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Table 1

Thirty random but frequent excuses for withholding feeding of preterm infants

1 Low APGAR scores: fear of NEC from gut hypoxia–ischemia

2 Abdominal distension: fear of NEC

3 Green gastric aspirates: fear of NEC

4 UA and/or UV catheters: fear of gut ischemia, and thus NEC

5 Apnea and bradycardia: fear of NEC from gut hypoxia–ischemia; poor peristalsis; GER

6 GER: fear of apnea

7 Tachypnea: fear of aspiration

8 Heart murmurs: fear of PDA and gut ischemia—and NEC

9 PDAs: fear of gut ischemia—and NEC

10 Indomethacin: fear of gut ischemia—and NEC

11 High BUN: fear of urea poisoning and amino acid toxicity

12 High bilirubin: fear of FFA displacing bilirubin from albumin

13 High WBC/CRP: fear of reduced metabolism, proteolysis associated with infection

14 Skin rashes: fear of allergies

15 Hyperglycemia: fear of poor metabolism and infections (although stopping IV lipids and reducing GIR at least have a rational basis)

16 Hypothermia: fear of sepsis with poor metabolism

17 Hyperthermia: fear of sepsis with poor metabolism

18 Hypo or hyperkalemia: poor gut function, bad IV nutrient mix

19 Hypo or hypernatremia: bad IV nutrient mix, dehydrated

20 Thrombotic episodes: need to use heparin, reduce IV rate

21 Polycythemia: risk of clots and gut ischemia and NEC

22 SpO2 values are low: cannot metabolize nutrients

23 On catecholamines: fear of gut ischemia, NEC, hyperglycemia

24 Anemia: fear of gut ischemia

25 Transfusions: risks of NEC, TRIM (transfusion related immunomodulation)

26 On CPAP: risk of GER from swallowed air in stomach

27 On a ventilator: reduces digestion and nutrient absorption and anabolism—how?

28 Low energy expenditure

29 Might need surgery

30 Just does not look good

The excuses seem never ending, and most are not rational

Source Hay (unpublished personal observations, 2013)
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Table 2

Recommended protein intake and protein-to-energy ratios (PERs) for preterm infants, according to post-
conceptional age, to meet normal human fetal lean body mass (LBM) growth rates and percentage protein
retention, and the increased needs for catch-up growth

Recommended protein intake and protein-to-energy ratio (PER)

Without need for catch-up growth With need for catch-up growth

26–30 weeks PCA

 16–18 g/kg/day LBM growth 3.8–4.2 g/kg/day 4.4 g/kg/day

 14 % protein retention PER ±3.0 PER ±3.3

30–36 weeks PCA

 14–15 g/kg/day LBM growth 3.4–3.6 g/kg/day 3.6–4.0 g/kg/day

 15 % protein retention PER ±2.8 PER ±3.0

36–40 weeks PCA

 13 g/kg/day LBM growth 2.8–3.2 g/kg/day 3.0–3.4 g/kg/day

 17% protein retention PER 2.4–2.6 PER 2.6–2.8

Reproduced from Ref. [22]

PCA postconceptional age
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