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Synopsis
Necrotizing enterocolitis (NEC) is a multifactorial disorder that primarily affects premature
infants. Human milk as compared to formula reduces the incidence of NEC. Feeding practices
such as minimal enteral nutrition (versus complete fasting) before progressive advancement of
feeds, early introduction of feeds (before day 4 of life as compared to later), and a more rapid
advancement of feeds (30–35 ml/kg/day as compared to 15–20 ml/kg/day) do not increase the
incidence of NEC in preterm infants. There is no evidence supporting continuous over intermittent
tube feedings in preterm infants. In a feed-intolerant preterm infant without any other clinical and
radiological evidence of NEC, minimal enteral nutrition rather than complete suspension of enteral
feeding may be an alternative. Human milk-based fortifier as compared to bovine-based fortifier
may reduce the incidence of NEC but additional studies are required.
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Introduction
Necrotizing enterocolitis (NEC) is an acute ischemic necrotizing disease of the
gastrointestinal (GI) tract that primarily affects premature infants. The incidence of NEC
varies between 6 to 10% on average in Very Low Birth Weight (VLBW; birth weight
<1500g) preterm infants admitted to Neonatal Intensive Care Units (NICUs) in the United
States.1–3 Despite remarkable advances in the care of extremely premature infants, the
morbidity and mortality (10–30%) caused by NEC has not declined significantly, 2,3 and the
total cost of care is estimated to be as much as 1 billion dollars annually in US alone.3 NEC

© 2012 Elsevier Inc. All rights reserved.

Correspondence to: Namasivayam Ambalavanan, ambal@uab.edu.

Financial disclosure: Funding sources: NIH funding for Dr. Ambalavanan; Dixon Fellowship and IKARIA funding for Dr. Ramani.
There are no conflicts of interest

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Clin Perinatol. Author manuscript; available in PMC 2014 March 01.

Published in final edited form as:
Clin Perinatol. 2013 March ; 40(1): 1–10. doi:10.1016/j.clp.2012.12.001.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



is a multifactorial disease in which the integrity and function of the immature GI tract are
compromised as a result of prematurity, inflammation, ischemia, or abnormal gut microbiota
as described in other chapters of this issue. Various feeding practices such as the nature of
feeds (human milk vs. formula feeding), time of initiation of enteral feeds, and the rate at
which at feeds are advanced may also affect the immature GI tract and lead to the
development of NEC.

Currently there is no consensus among healthcare professionals on feeding practices in
preterm infants and there are wide variations in such practices across NICUs in the US. A
recent survey of NICU directors, fellowship directors, neonatologists, NNPs, and dieticians
across NICUs in the US indicated that most of responders would start parenteral nutrition on
day 1 and the first enteral feed as soon as possible after birth (day 1: non- ventilated; day 3:
ventilated), either as human milk (56%) or commercially available formula.4 Responders
indicated they would consider indomethacin use (83%), history of PDA (72%), and
dopamine administration (63%) as contraindications for enteral feeding but not the
placement of UAC (75%) or UVC (93%) or concurrent administration of hydrocortisone
(70%).4 Some of these feeding practices are not evidence-based but based on personal
experience or unit culture. The objective of this article is to review the current data on
various feeding practices and their impact on risk of NEC, mortality, and other morbidities
in preterm infant. This article identifies and examines several feeding practices that are
proven to be safe or unsafe or remain unproven in the prevention of NEC. We review recent
randomized control trials, case control studies, observational studies, and expert opinions on
feeding practices and NEC in preterm infants. For each subsection, we have indicated the
quality of evidence (based on the U.S. Preventive Services Task Force “hierarchy of
research design” available at: http://www.uspreventiveservicestaskforce.org/uspstf08/
methods/procmanual4.htm) and a recommendation (based on the U.S. Preventive Services
Task Force Definitions available at: http://www.uspreventiveservicestaskforce.org/uspstf/
grades.htm).

Effect of Human Milk vs. Formula Feeding on NEC
Preterm formulas that are available today have been designed to match the composition of
human milk with respect to calories and nutrients that are needed for the growth and
development of preterm infants. However, these synthesized formulas do not provide the
non-nutrient components of human milk such as secretory IgA, lysozyme, oligosaccharides,
polyunsaturated fatty acids, and platelet-activating factor (PAF)-acetylhydrolase. These non-
nutrient components of human milk contribute to GI mucosal integrity, function, and boost
immunity against various GI infections. The AAP policy statement in 2012 on breast
feeding and the use of human milk recommends human milk for term, preterm and other
high risk infants either by direct breastfeeding and or by expressed breast milk.5 The AAP
statement also indicated that donor human milk might be a suitable alternative for infants
whose mothers are unable or unwilling to provide their own milk.5

There is much data to suggest that human milk provides long-term benefits in term infants
by lowering the incidence of sudden infant death syndrome, childhood infectious diseases
(respiratory tract infections, otitis media, GI infection), allergic diseases, celiac disease,
inflammatory bowel disease, obesity, etc.5 In addition to these long-term benefits, preterm
infants may also benefit in the short-term from the non-nutritive components of human milk
by reduced susceptibility to sepsis or to NEC. However, there are currently no randomized
controlled studies comparing the effect of mother’s own milk (not donor milk) with formula
on the incidence of NEC and mortality.6
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Several randomized controlled trials have been done to study the effect of donor human milk
versus formula on the incidence of NEC and mortality in preterm infants. Meta-analysis of
five of those randomized controlled trials comparing donor milk versus formula feeds in
preterm infants showed that preterm infants fed with formula had more than twice the
incidence of NEC (relative risk of 2.5 [95 % CI:1.2 to 5.1], number needed to harm was 33
[95% CI:17 to 100]) compared to the preterm infants fed with human milk.7 The results of
this meta-analysis underscore the importance of human milk intake in preterm infants.

Even though human milk intake reduces the risk of NEC, such reductions can only be
achieved if preterm infants receive a certain minimal volume or proportion of their enteral
feed as human milk. This dose-related benefit of human milk intake was evaluated in a
secondary analysis of 1272 extremely low birth weight (ELBW) infants enrolled in the
NICHD Glutamine Trial.8 In this study population, approximately 13 percent of ELBW
infants died or developed NEC 14 days after birth. For each 10% increase in the proportion
of total intake as human milk, there was a reduction in NEC or death after 14 days by a
factor of 0.83 [95 % CI: 0.72 to 0.96].8

Similar results were also shown in a prospective cohort study by Sisk et al, in which 10
percent of VLBW infants who received less than 50 percent of their total enteral intake as
human milk developed NEC whereas only 3 percent of infants who received more than 50
percent as human milk developed NEC.9 The odds of NEC decreased by 38% for every 25%
increase in proportion of human milk in the first 14 days9. Overall, after adjustment for
gestational age, higher human milk intake was associated with a lower risk of NEC (OR
0.17 [95% CI: 0.04 to 0.68], P<0.01).9

Quality of Evidence (I)

Recommendation Grade (A):

The evidence is very strong in favor of human milk (donor) compared to artificial formula in
reducing the incidence of NEC in preterm infants. Even though such benefit is yet to be
proven for mother’s own milk by randomized controlled trials, we can strongly recommend
based on existing evidence from donor human milk that the mother should be encouraged
and persuaded to feed her preterm infant with preferably her own milk, or with donor human
milk if she is unable or unwilling to feed with her own milk.

Effect of Minimal Enteral Nutrition on NEC
In utero, a fetus constantly swallows amniotic fluid, which contributes to the formation of
meconium. In addition to the formation of meconium, amniotic fluid may also play an
important role in growth and development of GI tract.10 Postnatally, enteral feedings also
stimulate the motility of the GI tract and various hormonal secretions. 11–13

Fasting or delayed introduction of feeding may possibly impair these GI functions. To
minimize feeding intolerance and the risk of developing NEC in preterm infants, the practice
of “minimal enteral nutrition” is considered as an alternative to complete fasting in many
units.

Minimal enteral nutrition, otherwise called as “trophic feeds” or “gut priming” is usually
started within 1–3 days after birth with 15–20 ml/kg/day of enteral milk, given every 2–3
hours and continued for 5–7 days after birth without any advancement. A recent Cochrane
systematic review evaluated the effect of minimal enteral nutrition on feeding intolerance,
growth, incidence of NEC, and mortality in 754 VLBW infants.14 “Early trophic feeding”
was defined as enteral feeding with milk volume of up to 24 ml/kg/day began within 96 hrs
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after birth and continued for at least one week while “enteral fasting” was defined as nothing
per mouth for at least one week after birth. It was observed that there were no differences in
the risk of developing NEC (RR 1.07 [95% CI: 0.67 to 1.7]; RD 0.01 [95% CI: 0.03 to
0.05]), time to achieve full feeds (weighted mean difference −0.97 [95% CI: −2.47 to
−0.53]), mortality (RR 0.77 [95% CI: 0.46 to 1.30], RD −0.03 [95% CI: 0.09 to 0.03]) and
duration of hospital stay (weighted mean difference −3.8 days [95% CI: −12.2 to 4.5])
between VLBW infants who received minimal enteral feeding within 1–4 days after birth as
compared to complete enteral fasting for seven days after birth.14 Despite biologic
plausibility that minimal enteral nutrition may prime the gut and improve feeding
intolerance and may thereby reduce the incidence of NEC, the data from available trials do
not confirm that minimal enteral nutrition in preterm infants improves feeding tolerance and
reduces NEC.

Quality of Evidence: (I)

Recommendation: (B)

The clinical importance of minimal enteral nutrition is still uncertain, although it is
commonly practiced. Based on the existing evidence that minimal enteral nutrition (trophic
feeds) do not increase the risk of NEC or feeding intolerance, minimal enteral nutrition may
be considered as a safe alternative to complete fasting before the initiation of progressive
feeding increments.

Effect of Rate of Increment in Feedings on NEC
NEC in preterm infants usually occurs a few weeks after birth.2,3,15 At that time of diagnosis
of NEC, most preterm infants have received enteral feeding, either with human milk or
formula. Due to initial concerns that NEC may be associated with rapid advancement of
enteral feeding,16 many clinicians in the past have delayed initiating and slowed the rate of
advancement of enteral feeding.

A Cochrane systematic review analyzed five randomized controlled trials involving 600
VLBW infants for the effect of delayed versus early progressive feeding on the incidence of
NEC, mortality and morbidities of the preterm infant (growth, neurodevelopmental outcome,
feeding intolerance, time to achieve full feeds and length of hospital study).17 “Delayed
introduction of progressive feeds” was defined as intention to advance feed volumes in
excess of trophic feeds (up to 24 ml/kg/day) later than 5–7 days after birth, as compared to
advancing feeds at less than 4 days after birth. Two of the five randomized controlled trials
(n=488) recruited only growth-restricted infants with abnormal fetal circulatory distribution
or flow in middle cerebral artery, umbilical arteries or uterine arteries. It was noted that
delayed advancement of enteral feedings in preterm infants did not have a significant effect
on the risk of NEC (RR 0.89 [95% CI: 0.58 to 1.37) or all-cause mortality (RR 0.93 [95%
CI: 0.53 to 1.63]).17 In addition, preterm infants who received delayed advancement of feeds
took longer to achieve full feeds (mean difference of 3 days) compared to those who have
received feeds from earlier than four days after birth. 17 Data from these trials do not
provide evidence that delayed introduction of progressive enteral feeds reduces the risk of
NEC in VLBW infants and moreover results in several days delay in establishing full feeds.
Rather than the exact rate of feed advancement, it is possible that the use of a standardized
feeding regimen is more important. A systematic review of six observational studies by
Patole et al.18 showed a reduction in the incidence of NEC by 87 % (RR 0.13[CI: 0.03 to
0.05]) with the use of a standardized feeding protocol.

Quality of Evidence: (I)
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Recommendation: (B)

Based on the existing evidence, early advancements of feeding is safe and may be
considered as an alternative to minimal enteral nutrition soon after birth in a clinically stable
VLBW infant.

Feeding Advancement and NEC
Enteral feeding is often advanced after 3–7 days of tolerance to minimal enteral nutrition.
The volume and the rate used to advance from minimal enteral nutrition to full feeds vary
between units and it usually depends on the birth weight and the extent of cardiorespiratory
support. A daily increment between 15–30 ml/kg/day of feeds is used in most units. A meta-
analysis of four randomized controlled trials (n=496; less than 1500g or less than 32 w GA)
evaluated the effect of “slow” (15–20 ml/kg/day) versus “fast” (30–35 ml/kg/day) rates of
enteral feed advancements on the incidence of NEC, mortality and other morbidities in
preterm infants.19 No significant difference in the risk of NEC (RR 0.91[95% CI: 0.47 to
1.75], RD −0.01[95% CI: −0.05 to 0.04) and mortality (RR 1.43[95% CI: 0.78 to 2.61], RD
0.04 [95% CI: −0.02 to 0.09]) were noted between the slow and fast advancement groups.19

Infants who were fed slowly took longer to regain birth weight (mean difference 2–6 days)
and establish full feeds (2–5 days) compared to those who received more aggressive
advancement of feeds. Data from this analysis do not provide evidence that slow
advancement of feeds reduces NEC. In addition, slower advancement of feeds slows weight
gain and establishment of full feeds. There may therefore be indirect effects on neonatal
morbidity due to slow weight gain, delay in establishment of full feeds, prolongation of TPN
and risk of central line infection. However, these studies did not include many severely
growth restricted infants or those with birth weight <750g, and many clinicians increase
feeds very cautiously in this subgroup of infants.

Quality of Evidence: (I)

Recommendation: (B)

Evidence indicates that both slow (15–20 ml/kg/day) and fast (30–35 ml/kg/day)
advancement practices are safe and can be used in the preterm infants (especially larger
VLBW infants) while advancing minimal enteral nutrition to full feeds. Randomized
controlled trials are needed to determine the effect of slow versus fast feeding advancement
on longer-term clinical outcomes of preterm infants and on the incidence of NEC and
mortality in the subset of smaller ELBW infants (<750g).

Continuous versus Intermittent Bolus Feeding on NEC
Coordination of sucking and swallowing matures around 32–34 weeks of gestation. Hence,
tube feeding is usually necessary in VLBW infants to ensure adequate milk intake for
growth and development. Tube feeding may be either intermittent (bolus) or continuous,
with a set volume per hour. Intermittent enteral feeding may be more physiological as it
facilitates the normal cyclic surges of the gastrointestinal hormones.20,21 Continuous enteral
feeding may however reduce the energy required for digestion and absorption and decrease
feeding intolerance. The Cochrane Systematic Review which included seven trials that
enrolled 511 VLBW infants did not show any difference in the incidence of NEC (RR 1.5
[95% CI: 0.4 to 5.9]), time to achieve full enteral feeds (weighted mean difference 2 days
[95% CI: −0.3 to 3.9]), and somatic growth between infants who were fed continuously and
by intermittent tube feeding.22 Available data do not provide evidence to determine best
tube feeding practice in VLBW infants.
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Quality of Evidence: (I)

Recommendation: (B)

Even though intermittent feeding may have some physiological advantages compared to
continuous feeding, there is not enough evidence to recommend intermittent feeding over
continuous feeding for reducing the risk of NEC, mortality or morbidity in preterm infants.

Relationship of Feeding Intolerance and NEC
Feeding intolerance is very common among preterm infants who are on enteral feeds, and
may either be a benign sign of reduced GI tract motility or may be an initial manifestation of
NEC. Feeding intolerance is the one of most common reasons to delay advancement of
enteral feeds or for suspension of feeds in preterm infants. However, there is no consensus
on the definition and management of feeding intolerance. Usually, an increased amount or
abnormal nature (e.g. bilious, bloody) of gastric residuals or abdominal distension regardless
of gastric residuals is considered feeding intolerance. A case control study by Cobb et al.23

evaluating 51 infants with proven NEC versus 102 control infants without suspected or
proven NEC indicated that a gastric residual volume of < 1.5 mL or <25% of a feed (the 25th

centile for the NEC group) was probably within the range of normal but a gastric residual
volume > 3.5 mL or >33% of a feed (the 75th centile for control subjects) was associated
with a higher risk for NEC. There is no evidence that color (green versus milky) and or
nature (mucus versus clear) of gastric residuals are early signs of NEC. Abdominal
distension or visible loops may be a normal finding in preterm infant on CPAP and cannot
be used as sole indicator in the diagnosis of NEC. Delayed advancement or suspension of
enteral feeds based on gastric residuals or abdominal distension in the absence of other signs
of NEC has not been shown to reduce the subsequent incidence of NEC. A retrospective
chart analysis by Terrin G et al.24 to determine the safety and efficacy of minimal enteral
nutrition (MEN) in feed-intolerant VLBW infants suggested that stopping or holding enteral
feeds on the basis of feeding intolerance would increase the risk for sepsis (33.3 % in NPO
group and 15.7 % in MEN group P<0.038), days to achieve the full feeds (Mean days = 11
in NPO group and 8 in MEN group, P<0.001) and days to regain birth weight ( Mean days
=12 in NPO group and 8 MEM group, P<0.001).24

Quality of Evidence: (II-2)

Recommendation: (I)

Currently there is no evidence-based definition of feeding intolerance. A sudden increase in
gastric residuals may be an early sign of NEC, 23 but abdominal distension and abnormal
color or nature of gastric residuals are usually non-specific. If clinically stable infants
develop feeding intolerance in the absence of any other clinical or radiological evidence of
NEC, one may provide minimal enteral nutrition (trophic feeds) while continuing to re-
evaluate the infant at frequent intervals, rather than suspending enteral feeding altogether.

Effect of Fortifiers on NEC
Preterm infants have higher protein turnover compared to term infants. Protein requirements
for enterally fed preterm infants are inversely proportional to the body weight (i.e., the lower
the body weight, the higher the protein requirement). 26 Even at full feeds (200 ml/kg/day),
the protein, calcium and phosphorous content of human milk are not adequate to promote
and sustain the tissue growth and bone mineralization in preterm infants. 27,28 Addition of
fortifier increases levels of protein, calcium and phosphorous of human milk. It has been
shown that the multicomponent fortification of human milk is associated with short-term
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improvements in weight gain and linear and head growth.29 However, there is a non-
significant trend towards increased feeding intolerance in treated infants (RR 2.85 [95% CI:
0.62 to13.1]). There was no statistically significant increase in NEC in infants receiving
fortified human milk (RR 1.33 [95%CI 0.7 to 2.5]). 29

Human milk can be fortified with either a human milk-based fortifier or a bovine milk based
fortifier. To study the effect of exclusive human milk-based diet on the risk of NEC,
Sullivan et al.30 performed a randomized controlled trial involving 207 VLBW infants fed
with either “exclusive human milk based diet” or “bovine based diet”. Exclusive human
milk-based diet infants were fed only with either mother’s own milk or human donor milk
fortified only with donor human milk based-fortifier. Another group of infants were fed with
mother’s own milk or human donor milk fortified with bovine based-human milk fortifier. A
third group (control) received mother’s own milk fortified with bovine based-human milk
fortifier and received preterm formula when mother’s own milk was not available. The
group receiving exclusive human milk diet had lower rates of NEC (p = 0.02) and NEC
requiring surgical intervention (p = 0.007) compared to the group receiving human milk
fortified with bovine based fortifier.30 However, a limitation of this study was the relatively
small sample size, and the higher incidence of NEC in the control group (18%).2,3

Quality of Evidence: (I)

Recommendation: (B)

Currently, limited evidence suggests that fortification of human milk improves short-term
growth moderately without a significant increase in NEC or improved long-term outcomes.
There is also some evidence that human milk-based fortifier reduces the incidence of NEC.
The high cost and unknown biological product risks associated with human milk based
fortifier currently limits its routine use in fortifying human milk.

Effect of Osmolality of Feeds on NEC
Osmolality is the concentration of a solution in terms of osmoles of solute per kilogram of
solvent, whereas osmolarity is the concentration of a solution in terms of osmoles of solute
per liter of solution. Current recommendations mostly based on historical consensus rather
than experimental evidence are that the osmolality of enteral feeds should not exceed 450
mOsm/kg (~400 mOsm/L).31,32 The recommendations seem to have been mostly based on
small studies in the 1970s by Santulli et al.33, Book et al. 34, and Willis et al.35. Human
breast milk has an osmolality of around 300 mOsm/kg, while that of full fortified human
milk is around 400 mOsm/kg, and all milk feeds that are currently used have an osmolality
below 450 mOsm/kg.31 However, the addition of supplements (e.g. sodium supplements,
folate) may markedly increase osmolality, with the exact magnitude depending upon the
amount of supplement and the volume of milk to which it is added.36 The consequences of
increased feed osmolality in human infants are not clear. Studies in neonatal dogs indicate
that the actual osmolality of the feed itself was not a major determinant of the osmolality of
the contents of the stomach or intestine, although hyperosmolar feeds led to delayed gastric
emptying.37 Even if hyperosmolar feeds led to increased hyperosmolarity in the intestinal
lumen, it is not clear that this would result in mucosal damage.31

Quality of Evidence (II-3)

Recommendation (B):

Studies that showed the association of increased incidence of NEC with hyperosmolar
formula feedings were done at a time when osmolality of the feeds were very high and
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above the current recommended maximum (450 mOsm/kg). The increase in osmolality of
enteral feedings by the addition of supplements and other therapeutic additives may possibly
result in delayed gastric emptying, with an undetermined effect on NEC.

Summary
The evidence is convincing that human milk feeding, as compared to formula feeding,
reduces the incidence of NEC in preterm infants. Minimal enteral nutrition is a safe
alternative to complete fasting before initiation of progressive feedings and does not
increase the incidence of NEC in extremely preterm infants. In clinically stable VLBW
infants, early introduction of progressive feeds and advancement of feeds at a faster rate
(30–35ml/kg/day) is safe and does not increase the incidence of NEC. There is no evidence
supporting continuous over intermittent tube feedings in preterm infants. In a feed-intolerant
preterm infant without any other clinical and radiological evidence of NEC, minimal enteral
nutrition rather than complete suspension of enteral feeding may be an alternative. Human
milk-based fortifier as compared to bovine-based fortifier may reduce the incidence of NEC
but additional studies are required.
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Key Points

• The evidence is convincing that human milk feeding, as compared to formula
feeding, reduces the incidence of NEC in preterm infants.

• Minimal enteral nutrition is a safe alternative to complete fasting before
initiation of progressive feedings and does not increase the incidence of NEC in
extremely preterm infants. In clinically stable VLBW infants, early introduction
of progressive feeds and advancement of feeds at a faster rate (30–35ml/kg/day)
is safe and does not increase the incidence of NEC.

• There is no evidence supporting continuous over intermittent tube feedings in
preterm infants.

• In a feed-intolerant preterm infant without any other clinical and radiological
evidence of NEC, minimal enteral nutrition rather than complete suspension of
enteral feeding may be an alternative.

• Human milk-based fortifier as compared to bovine-based fortifier may reduce
the incidence of NEC but additional studies are required.
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